TILIZATION OF THE PLANHING SURVEY

Paper presented by E. S. Fairtank, Chief, Division

of Information, U. §. RBureau of Public Roads, at the

conference on Highway Ingineering and Highway Safety,
Ann Arbvor, Michigan, February 15, 1938

It 1s now about two vears since, in most of the States, the
work of the State-wilde highway planning surveys vas begun. Michigan
tegan a little earlier, has maintained her lead, and 1s now nearer
than most of her Slester States %ec the time when shs may begin to
apply the results of her studies to tha sslution of her own highway
problems,

In the first year the task was one of observation, recerding,
and inquiry in thes field. In the second the scene of operations
shiftcd to the office; and thore for some time since a great deal of
painstaking work hes been in progress, thoe purpose of which has been
to array the voluminous data gathored in the field in such orderly
and related groups as would permit their study and analysis.
Draftsmen have bean at work transcribding inventory notes onto sc-
called straight-lines diagrams, end compiling maps. Coders and
punchers have been busy translating words and figures on thousands
of fleld reports intc round holes punched in columned cards, which
later have been fed inte tabulating machines, to come cut as row
upen row of statistics. There has been much talk among these office
workers of such mattars as the suitability of symbols and the size
and adequacy of samples; and there has bean debate about such
things as traffic patterns and expansion factors. The debate has
been very serious; the talk has bteen veory techniecal; the statistics
have been very -- gtatistical.

But, what hos theore Teen, what will there be, of tangivle,
Practical, useful result, issuirng from 2ll this earnest work, this
talk ond debate, and these statistices? That is a qusstion we are
beginning to hear with some insistence. It is a reasonable question;
and it is the guestion that this paper will attempt to answer,
illustrating the answar, whorever possible, by means of fragmentary
results thus far gleaned from the survers In a number of States.

It is reasonable to suppose that many of those who inquire
for results have in mind such results as are customarily set down
in printed reports. The end of all surveys is expected to be a
RIPCRT. It generally is the end. The report goes on the shelf.
The survey is finished; forgotten; and nec one is the Tetter or the
worse for it.
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It is regarded, therefore, as a rather fortunate circumstance
that much that is exceedingly useful in the results of the highway
planning surveys will not have to attain that usefulness through the
medium of a report. So much, at least, we may hope will escape the
oblivion that seems to engulf whatever enters between the covers of
an official report.

Among the extremely useful results of the surveys, that will
thus attain their usefulness without aid of a report, are the
several xinds of maps that are now fast issuing from them. In the
States in which the surveys are in progress there are 2,617 counties.
On January 3lst, the reports from thess States snow that the base
maps, which result from the surveys! inventories, had been completed
for 1,027 of those ccunties, and hundreds mors were on the drafting
boards in various stages of completion.

On thess base maps is shown every mile of rural public road,
and, so far as tne inventory perties could discover tnem, every
farmhouse and other residence, every churcn, and school, and store,
and mill, and mine, and every other place of wnatever description,
in rural area, that is an orisin or a destination of tne traffic
that meves over the roads. On them is shown, also, every mile of
railroad, every navigable and actually navigzated stream, every rail-
roaa station, every airvort, every pablic wnarf, every city and town
and villace, however large or small. TFigure 1 shows one of these
maps of a county in Michizan.

Remember that, of tihe great majority of these counties, there
existed before tne planninz surveys were begun no adequate maps what-—
ever. Remember trnat, befors tne surveys, tners was in monr of them
no preoper idea even of the extent of the public road system. Trnen
envision tne vest atlas soon to be filled with thousands of these
new and accurate m=us of every county of svery State in wlich the
planrning surveys kave been conducted, all drawm with uniform: conven-—
tions and appreopriately uniform large scale, and you will have a fair
concention of one result of the plarning surveyvs toat it will not be
neceszsty - that it will not be possible to present for use throush
t1€ meiivm of & report.

¥rom tne base maps, upon which, as will be observed, 2ll roads

appear as open bands, several otner series of maps will be produced
by the simple process of overlaying various other conventions, mostly
within the open rond bands of tie bases. ZTach of thess series will be
desisned to display a particular class of information. Perhaps the
most generally useful series will be the Zighway and Transportation
Kaps. Toe principal purcvose of tails series will bz to show the exist-—
ing surfuce condition of all the roads. To this end the open baads
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of the base meps will be filled, in the maps of thils series, with
standard symbols anproprictely reopresenting on esch section of roed
the type of its gurfece. Fizure 2 shovs e typicrl mep of this
seriss, representinz an Illinois County.

Another series, mede from the ssms basess, 7ill distinguish
end shovw the state of improvement of the roads thot form the rurel
free delivery meil routes, r~nd othar s-rics will show respsetively
the roads thrt are used #5 routes by common carrier busses cnd
trucks and by schosl dbusses, and the condition of these several
kinds of routss. And, finadlly, o specicl series will show by
symbols overlcid upon the surface type symbnls the relative velume
of traffic served by every mile of the rural rocds. Plzure 3 repre-
gonts a preliminery sanple map of this scries

This is a nsw kind of traffic mep, differing fronm the more

fanili T ¥Kind in the feot that the traffic veolune is represented

y the overlaid shaded bands of uniforn width dut varying pattern,
1nstcnd of by bends of wvarying width proportiensl to the varying
volune. The differsnce is an cssentisl one. Treffic maps of the
customary forn have deslt with mein highways only. These naw county
naps will represent the traffic on g1l rurel roads; and, even on
their lergs senle thore is not room snough in the interstices of
the closely woven net to squcezs the -vide bands thot would te needed
to depict the heovior wolumszss of traffic. It is believed, however,
thet the new symbelieally shoded bands will represert the traffic
corditions fdmost o8 cleerly; ond they will have one advoatege that
has gonerclly baoen lackingy in treffic maps, that is, they will show
the treffic volume in ralation Yo the oxisting types of rerd surfsaces,
the state of road-borderins culturs, and other significont conditions.

Such maps ns 011 of these, it will not be necassasy to exploin,
will find doily enploynant in thoe onerations of every hi woag
adninistrative agency, Federnl, State, and local. But co.rt from
their otvious wtility in hizhwev work, it is 11rﬂaar unpc art thet
they will be widely used for meny other purposes. 5oy sompanies
want :nzﬂ for studies of potentlhl denand. Irdu"*v.c‘ CoNoerns
requa~ then for the charling of sales territeries and T?"DL;_ﬁS.
Ag11ﬂ14whral specialists will amplov then in defining arcos of
relativo 8oll productivity - a definition besic to the covimun use
of ths lerd, which is the ““rlculturlst s objective, but one which
is alsc, and for identical rezsons, of interest to the highway
planner and builder. Fimurc 4 is & map of this sort.
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Without attemptin: to cataloyue all the definite uses of
these maps that are now foreseen, merntion may be made of one other
very important use that will be made of them. Wherever they have
been completed in time for use by the enumerators, they will be
used as the basis of the Federal Census of 194C, which Census
autheritiss say, will be more complete and more accurate bocause
of their uss.

So many, indeed, are the uscs that are teing found for these
remarkable maps that it begins te apvear that the highway depart-
ments, in producing them, have rendered a service to &ll sorts cf
industrial, economic, and social plenning comparable to that of the
United States Gecleogical Survey, throagh its topegravhic maps, to
the planning of engineering works. And all these menifold uses, let
it be repsated, are additicenal to the constent employment these maps
will have in the everydeoy work of the Fedeorsl, State ond County
highway departments.

It is in such everyday employmont, slso, that invaluable use
will be found for the so-cnlled straight-line dingrams -~ cnother
result of the sarveys that will have no more than ¢ reoference in the
printed reports. Figure 5 shows a 1ittls mers than half of one such
disgram as it is bsing produced by the highwny planning survey of
Colorade.

On such diagrams as this, most of the States ars recording
practically all of the significant findings #f the survey with
reference te each section of the more impertnnt highways. 0On each
diagram, the sectlion of road of immcdicte interest appears as a
straight line, divided into 100~foct statien intervals. Appropriately
nlaced with reference to these intervals, is shown virtually every
fact that has been found about that particular section of highway.
The type, and condition, and the dimensions of 1ts surTace; the
position of 2ll important drainage structures, the locar.in of all
significant curvature and grades (significant in their effects upon
the movement of vehicles); the places at which sight distance is
widuly restricted and ths couses of the rastrictions; the location
of all intersecting roads; the average daily traffic, as determined
by the survey; all these facts and others, presently known, are
being svread upon these diagrams, where they can be read at a glonce.
And, hsnceforth, every significant change that shall occur in each
of the road sections will be noted as a cérrecticn of the appropriate
diagram. Where frost and water damage the read's structure, whore
accidents occur or lives are snuffed ocut, where traffic grows or
shrinks, whare new facilities replace ¢ld, such events, such changes,
will be recorded on thess diagrammatic record peges, and each such
record, adding new significance to the prior reccrdings, will con-
tribute steadily to the sharpening and the accuracy of administrative
Judgnents, in the formation of which those dingrams will surely be
regularly consulted.



COLORADO HIGHWAY PLANNING SURVEY

STRAIGHT - LINE DIAGRAM
SURFACE GLABSSIFICATION

" UNIMPROVED ELTIIT) 80IL W UGHT o MaT :
STATE HIGHWAY DEPT. U & BUREAU OF PUBLIC ROADS =T IoRanen 8 DRAINED QLT $RavEL R 10v TTPE PAVEMENT :
|
» 33 I
a3 Rs % % ‘
i . (V%) t P aww ,
[ @ q, ™ vl o i :
so0 b Sea i e Voassl ie3208 o £30°57 “
o o . -n| 5. uh a- 3 AT B0 -
i & ozl R el et boast s
| 3 o L ETHD | YT 8
20 = ks 3. ;2 H | [ e e 23 1
® WA 0
- v 5 . | : ' a5
F 3 LR 1 'l'
op- : e - -
g m rf T'g' & l P ! ae %
o i N
£ 3 : B w
P TRINIDAD HER . N E .
I v twcosecasten § & i & B e i
d P i A H fxica H j el H i Iy
500 k o X v R DR o-27R 508 b ea A L3380 - mos R
i . [RILEE SAFRTCTE R ', ’;’I" Y . b;:? R 3-.03
z| = 5 of
750 |z % 04 5-.04 ot 3 o
o - il g STARKVILLE b
o over & I “”T"”“‘” Lo i o o . o = {UminCaRPORATED) - .
- q o < B 3 :
a4 a i o B 3 & E ]
-1 Foo - + - A .
: : . y 4 |
2 | * e B el 9 |
PROUECTMOBLEWTH 1 - | v Dras \r o] DomwenaEsr o ITCATEY rZ g¥E ML L EAP |29 [ mg[ANE zap ]33l (17
- " T - s T - - . o
FURRACE  TYRE [ . . |PAVENENT hd — JTOHCAYYY [YAYEWENT - - > 1 CONCRETE FAVEMEHY h CEOARID -
wotn Thiwilo AT ¥ gnctgze | T - T ERY — B P g _iITTr O o 1 = B RIS
wore_atw Sovcemd opcigas | * I -} - 3 - = i o T e S _ - - — e F == w——
WTH BTH FRHGLE t  Amp - - EE RS - - . T S - - HoRE - S e S
DRIWARE B - e EMRCETE ——F 3 - g —- 1-— ==
Crdabive cumwruat | - - — - —4- - f— - - t- f-- EE s 1 ;- J-=1= = 34— oy == e
RIATAIGTED v T | —- — — o v losmdun 1~ - - — 4
mytacres wovwent |- —-+ - — -F F © bpanae - - 10
SAFE DAIVING LPLED i B I Y = i I w — - -] —F—— -
Lsas SPLE0 Lnmt = B 4 - - = ] - I yp— —
nat TE — 1 - - — = I
SroEwALKS +  { - g - B — T 1= - - e
suprace pavme | - - - = - SR RLA -
1ALIB3IVE GRADES s T - — i — 31 — 1. r F — 1
CAUSE 9F RESTRICTLOM - - = R k
i R SRR R - I1--% i T 1" T
‘ " — - —1— — - - i =
F - - - —_—f ek -4 - 4 - e - -
T — - ] B [ RSy i SR S Sl S —1- = -~ o f——-
S st v
== Y |

FIGURE 5




-5 -

EInlarging upon the refereznce here to future amendment of the
stralght-line disgrams, it should be said, with particular referznce
to &ll those results of the surveys that cre embodied in the naps

of the present, and many of them to corditions that will change with
the passage of time. It is for the timely discovery and recording
of such changes that the Bureau of Public Roads has urged the
establishnent of o continuing fact-finding function in each State
hizhway departmonty end it is gratifying to be able to report that
its urging has met with slmost unaninmously fovorable response. It
is evident that most of the highway departments realize that com~
parativaly slizht of fort, continuvously put forth, will preserve and
steadily ~nhencs the presornt high velue of the records that have
been mads by the surveys - a value that will soon be utterly lost
if this small additional laber of maintenonce 1s denied.

Thus far this discussion has deslt with results of the
surveys that do not have to be widely published to cone into
exceedingly valustle use. Such results yield thelr principal
benefits only as they are employed in the everyday operations of
the highway adminigtrative agencles, and they remain useful only
as they are continually modified in accordance with the changes
that continuocusly occur.

There is another class of rosults that ghould be widely
mublicized, and it is regults of this sort that will have an inpor-
tant place in the raports that will be published. Arnong such
results are all those discovered facts thot define the general
character of hichway traffic, that point accurately %o the nature
and location of its sources, that describe its composition, and
indicate the gensrsl linss and the extent of its movenent. Most of
such facts - unlike those we have previously discussed — are rela-
tively imrmutable. They change slowly, if they change at all.

No sound policy of highway adninistration can be inconsistent
with these facts; and nost of the i1l-ndvised proposals that are,
here and there, ard from tine to time, put forward, owe their unwis-~
dom tc iznorance or misunderstandingz on the part of the preoponents
of this second groun of facts, Only through a widesproad acceptance
snd appreciaticn of them will it be possible to obtain public con-
firmation of th: measures and prograna that will be shown by the
wnole result of the plannirg surveys to be essential for & proper
further develcpment of the highways and of highway transportation.

Folloving is tha substance of scme of these Tacts as revealed,
for the most part, by rlanning survey findings, supplemented at a
few points by evideace csllected by the Bureau of Public Roads in
previous investigations.
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Racauss the famlliar U. 5. numbers of our rrincipal highways
lead on unchanged by intervening State lines to transcontinental
termini, and hecause each of us hes himself at times followed those
beckening numbers to far places, it is easy to think of all the busy
movement on our highways as a far ranging movemant.

From the planning surveys we have ctbtained for the first time
scme Tacts about the amcunt of the more distant movements for which
these proposed highwavs would be built; and Figure 6 tells the true
story.

At the curved line that extends longitudinally through the
States of Idzho, NWevads, snd Arizona, the width of the trunk of the
tentacled band reproesents thoe average daily numbsr of a2ll passenger
cars passing eastward and westward on trips extending beyond the
torders of the three States, on &1l major east-west highways. The
number is 2,5%2. Two thousand, five hundred, thirty-two passenger
cars daily on all major sast-west highways, from the Canadian line
to the Mexican border, pzass points in Idahe, Nevada, and Arizona
bound on trips that begin and end beyond the borders of the three
States.

Now observe where the tentacles go. That shows the pleces
to and from which these 2,532 average passenger cars are bound;
and the width of sach tentacle represents the number headed toward
or coming from ench State. Of course, they are all going to or
from Washington, Oregon or Celifornia. Westward there are no other
Stztes., But, see how repldly that wide band dissevers end attenu-
ates as it extends eastward. At the Mississippi River it has shrunk
to a third of its original width, At the eastern seabeard it is a
few thin threads. Netice, especially, that 20 cars are shown as
moving daily bstween Florida and the Pacific Coast States. Then
turn to Figure 7, which shows the average daily number of =1l
passenger cars bearing liccnse fags of States other than #lorida,
observed to cross the Florida line, by actual counts mads on all
the entering highweys, ond it w11l be seen that the combined width
of the three threads extending into the Pacific Coast Stotes repre-
sents 23 vehicles. Counted nearly three thousand niles away, the
nuarmter of the Florida-West Cosst interchange was 20. It iz such
agreements as this that zive confidence in the appropriate
accuracy of the survey results. Howevar, in this case the agraoe-
ment was not quite so close as the figures on the two grephs
indicate, because the sastern count omits the number of cars of
Florida registration that daily start for or return from the Coast.
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0f such travslers another part of these closely articulated vlanning
surveys — the Florida road-—ase studies - discovers sxactly three; so
that the real total as cstimated at the castern end was 26, actually
6 more than the western count, instead of thres,

But if, as thess graprs apnear to show, tho sctual amscunt of
our transcontinzntal trhfllc is insignificont, and th~ zmount of
even the hulf-way movement is smell, whet do the survavs show to be
the actual range of the preponderant highwey movement? For the
answer to that question, see Figure 2 which combines the road-use
findings of 11 Statcsg to show the range of frequency of the length
of all ons-way passenger car trins which extend beyvond the linits
of citiass ard towms in those States.

The shaded portions of the bands cover the ranges between
the maximum and minimum percentages of the tetal traffic that eom—
pose the various trip-length groups. The graph shows that in on
of these 11 States 43.8 percent of z11 one-way highway trips
extending outside of cities were trips of lesg than 5 miles., In
another State the percentagse of thils shortest class of trips was
only 25.7. In all the other States the porcentage was somewhere
between those linits, inilarly, the linits of the 5-to-10 nile
percentages are 3C.9 percent naxizum, and 23.C nirimum. It is
evidert that 30 niles is long enougsh t¢ span the range of tho great
majority of &1l trips extending beyond city limits in these States.
The percentage of trips over 50 niles in lenzth is extremely small,
over 1C0 miles a bare cne or two percent. Renmexber that these are
one-way trips extending beyond eity linits., If all the intra-city

i

trips were Included these aversge renges would bz greatly shortened.

Learzing from this g ranh that most hishway movenents ara
very shoert novements indeed - now turn te Fizure 9, which gives
sone furthar very slgnificent infornetion about the classes of
roads on which thess rovensnts ocecur. The facts here reopresented
ars averszes fron road-use ctudies in 17 States; and sltogether
they are very representative States.

The graph shows thet HE.J percent of the total anrmisl motor
vehicle travel on all ronds and streets in these 17 States occurs
on the main rurel hichwarys cnd the streets that connect them across
cities. Of the balance of the totsl movement, the greater pnrt -
30.8 percent of the totsl — occurs on the larse mileage €f other
city streets, the neishborhood streets: and scarcely more than 10
Percent of the total occurs on all the secondary and local rural
roads, which, in milesse, have ei-ht times the extent of the group
of main highwoys,
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We lnow now, therefors, that the great number of mainly
minmute movemants that maks up the sum total of street and highway
traffic, in these 17 States ot least, occur in larsest part on the
main rurel highways and their transcity connections, that a lesser
part ceccurs on the other city streets, and a least part on the
setsondary and local rursl roads.

Now, who enganges in these movenents? Are they city people
or country people? Are the rosd users urben or rural? Well, of
course, they ares both; but the two classes are found in different
proportions cn the saversl classes of roads. The facts are shown
by Figure 10, which salso represents the average findings in the
same 17 Stotes. Fronm this zraph 1t will bhe szen that the main rural
highways and their transciiy connections are really everybody's
highways. Forty-two percent of their use is by rurzl notor vehicle
cwrors; 5% percent is by urban ovmers. Irn these 17 SBtates the
population, at the time of the lost cernsus, was 38 percent rural,
62 percent urban. That means that country and city people meet
on thesz main arterias in just about the proportion of their rela-
tive numbers in the total population. But a glance at the bar
representing the other city streets will show a quite different
situation. Ninety-three pesrcent of the total usc of these streets
is by urban vehiclas; only 7 percent is by rural vehlcles. And,
then turn to the local rural road bar at the other extreme, and it
will be seon that &4 percent of what has previously teen shomn to
be the small usage of these minor rural reads, is by rural vchicles
and only 16 percent by urban vehicles.

These are not merely some more or less interesting statistices.
They ars vital figures that point some very definite indications
as to what we should try to accomplish in our further road huilding;
as to the relative transportation service that may te affordod by
improvement of this or that class of rezds; as to whin will tonefit
if we do either, and who, being bencfitad, should pay the cost, and
in what preportion.

They tell very sharply, for example, that the kind of traffic
for which our road system should be desicned is a traffic that
moves snort distances, not long - a traffic that moves in great
volume inte and ocut of cities, but dwindles to much smaller propor—
tions as cities are left behind. It is to the relatively short
sections of main hithways near citizs, now dangerously clogged by
the local multiplication of shorb movement, that firat attention
should be given, as evidenced by the graphs previocusly presented
and by the first traffic map of the United States, presented in
Figure 11.
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Obviously, for reasons of pure ecuncmics, the mmoant of ruad-
user revenue assizned to the main highwars or to any other zroup of
kighways or streets shoild not exceed the sum total of vehienlar
oparating savings that ic made possible by fhe improvenents provided.
BFut within this lizit it 1s reassonable to assign to any subdivision
of the whole highwoy srstem, for its improvement, any part of the
total availablas motor wvehicle revenue, provided that in deing so a
proeper return of ben=fits is assured to each of tha two Lig classes
of road usors -~ the urban end the rural ussrs.

How such an apporticnment can be made on the basis of the
rcad-ugse statistics supvlied by the planning survers of each State
will te demonstrated by an example using the averare statistics of
the 17 States previcusly presented.
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A RATICONAL METHOD FOR APPORTIOQNING RCAD-USER TAXES
ASSURING ADZQUATT MAINTENAWCE AND NEEDED DEVELOPMENT OF
STATE~ADMINISTERED HIGHWAYS AND BENEFITS TC URBAN AND
RURAL TAXPAYERS IN STRICT PROPORTICK TO THT TAX PAYMENTS OF ZACH GROUP

Assume,that there is a total of 320,000,000 of Road-User Taxes to be
distributed.

Assume further that the Actual Usage of Roads and Streets corresponds to
the average usage ag found in 17 States:

That is -
Main Highways and Trans-City Arteries) (58.9)
Local City Streets Yeerve(30.8)Percent of the
Secondary and Lccal Roads K (10.3)  Total Traffic

And -
Use of each System by Urban and Bural Vehicles is divided as
follows:
Percentage of Use by -
Urban Vehlieles Fural Vehicles
Main Highways and Trans-City Arteries 52.0 ho.c
Local City Streets 93.G 7.0
Secondary and Local Roads 23.5 16.5

Under these conditions, the Travel of Urban Vehicles (and conssgquently)
The Tax Payments of Urban Vehicle Cwners
B8 x H2.9 + .93 x 30.8 + ,235 x 1C.3
65.227 percent of the Total Tax payments
This being true, expenditure of the $20,000,000 of Road~User Revenue should
vield - Benefits to Urban Vehicle Owners = 20,000,0CC x .65227
$173,CU45,U4C00

il

[

Ang -

Benafits to Rural Vehicle Owners = 20,000,000 - 13,045,400

$6,954, 600

Now, since the Main Highways and Trans-City Arteries constitute the most
vital and heavily used portion of the whole Strest and Highway
System and since it is argued that they should be suwvported by
Road-User Taxes solely,

The Amount to be allotted to these most important highmavs should be equal
to the determined nieds for thelr adequate maintenance and desirable
development.

Assume that in this way it has been Adetermined that -

The Need of the Main Highways and Trans-City Arteries = $15,000,0C0

]

From an expenditure of 315,000,000 on the Main Highways and Trans-City
Arteries Urban and Rursl Vehlele Owners would tencfit, in proportion
to thelr relative use of these highways, as follows:

Urban Vehicla Cwners .... 15,000,0CC x 5% = $8,7CC,00C
Rural Vehicle Owners .... 15,000,000 x .42 = $5,300,000

This would leave Balances of Benefits due Urbten and Rursl Vehicle Owners
as follows:

Urtan Vehicle Omers .... 13 $4,3L5, k00
Rural Vehicle Cwnars b § oRb,ece

o

4CC - ,7CC,G00
500 - 6,300,000
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These Balances of Benefits duc Urtan and Rural Vehlcle Owners will be sup-
plied by an apportionmant of the 35,000,000 available remainder of
Road-User Taxes tetween Local City Streets and Secondary and Local
Roads, computed as follows:

Let x = Amount to be apportioned for Local City Streets

y = Amount to be apportioned for Secondary and Local Roads
Then

W93 + .235, = U4 345 bhoo L.l (1)

OTx + 765y = GR4,6o0 ... (2)
From Zgquation (2)

054,506 ~ 765y
LO7

Substituting in EZguation (1)

-93(65h,oc?27~ To% ) .235,

1)

I

4,345,400

From which
y = $43%,273 = Apvortionment for Secondary and Rursl Roads
And
« = 5,000,000 - 438,273 = $4,561,727 = Apportionment for
Lecal City Streets

TEST

The above apporticnment, if correct, should yield Total Benefits to
Urban Vehicle Cwners = $13,0M5,h00
Rural Vehicle Owners = $ 5,954,600

It actually yields

Benefits to Urbarn Vshicle Owners

.58 x 15,000,000 + .93 x 4,561,727 + .235 x 438,273

$13,cL5,400 (Check)

Benefits to Rural Vehicle Owners

42 x 15,000,000 + .07 x 4,561,727 + .765 x 438,273

$6,954,600 {Check)

fi

i

A
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But, although the rosd-use statistics of the surveys which,
mainly, bave been employed thus far, may be used, as has been shown,
to effect equitable distributions of road-user taxes, they do not
tell how large such tazes may properly be, in what asmounts they are
needed, or how they should be levied upon the various e¢lasses of
vehicles; nor do they tell anything, specifically, of the kind of
improvements required for the adequate sarvice of traffic on the
various parts of the highway system, or the cost of such improve-
ments,

For such advice as this we must look tc other results of the
planning surveys and to certain supplementary investigations already
planned or in progress.

As previously suggested, the upper limit of revenue that can
properly be exacted of road-users is the sum total of operating
savings that accrue to them as the result of all improvements of the
highways. For the estimation of such savings the only data at
present available are those developed some years age by the Iowa
EIngineering Experiment Station. It 1is realized that these data are
Inadequate for present use and arrangements are now in progress feor
new investigations to be conducted by the same agency in cooperation
with the Bureau of Public Roads. These investigations will be
expedited in order that their results may be made avallable as
promptly as possible for indication of the maximum limit of motor
vehicle taxation., Meanwhile, the available data will supply an
approximate guide, if full allowance is made for the fact that the
point of diminishins returns vrobably lies well below the maximum
limit.

The needed total amount of rcad-user taxes will depend wupon
the annual cost of the rcad investment to be created and upon the
amount of revenue that may ve expected %o accrue from other sources
and forms of taxation. The planning surveys were designed tc obtain
the data necessary for a determinatior of the probable ultimate
extent of the improved road system. It was their purpese to esti-
mate the annual cost of possessing such a system and to indicate
the financial means that would be regularly required to meet this
continuing cost.

As basis for the reasonable partitionment of costs between
motor wvehicle and real property tazation the surveys supply a
great deal of information indicetive of the degrees of road
Service afforded respectively to general traffic and abutting
broperty.



Tha determination of road costs will depend upon previous
decisions 1n regard to the encral standerds of road desiin nacos-~
sary for accommodation of ths traffic to Te served, as defined by
the character as well 28 tha nunber of vehieles; and for such
decigions tha2 surveys supply a wealth of irnformation in their
various forms of traffic date.

The uses of the traffic volume data are relutively cbvious.

The purposes of the data that definc the character ¢f wehicles are
threefold. First, they supply dependabls information in regard to
the ranges of various vchicle characteristics (including gross loads,
wheel loads, tire equipment and over—cll dimensions) to be used as
the basis for decisions upon resulations to limit such characteristics,
which will be consistent with the nornmal existing practice aznd such
trends as nay be revealed, Second, they supply information regard-
ing vehicle choracteristics to which the design of the rcads must be
adapted, both generally and in respect to various clesses and sec-
tions of the hizhway systen on which the characteristics of the

reffic may vary. And third, they indicate the proportionate number
of vehicles in use thet possess each of seversal grades of actusl
charactoristics (as distinguished fron the often nisleading nominal
zrades), as & basis for the scheduling of tax rates, applicable to
such groups, which, when maltiplizd by the nutbers of units involved,
will produce from each group a total revenue consistent with the

oad costs its presence in the traffic entails.

For proper efficiency and economv in the future operation of
the system of higshway transportation it is obviously necessary that
there shall exist such consistent relations between the designed and
regulated character of vehicles, the desiin of the roads =1 the
apportinnment of road costs amenz vehicles, as are here doserided.
That such consistent relaticns have not existed in the pasi und do
not now exist anywhers, is due in part t¢ an unfortunate 1. :rrsnancy
between the nominal or rated charactoristics of vehicles sd their
actual characteristics, and in part to the lack of the irformation,
much of it now supplied for the first time by the plonning surveys
thet would reveal the wart of consistoney and indicnte the necessary
corrcetive action.,

For example, Figure 12 preosents some results of the welghing
of trucks in Moryland, typical of results obtained generally, which
show definitely that the so~called manufacturer!s rated capacity of
trucks iz not indicative of the weizht of the leads the trucks will
and do actually carry. In this weizhing, as will be observed, 3 times
a8 many actual 5-ton loads wore found on trucks rated as of l—l/é
tons capacity as on those rated as of § tons capacity.
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In Fizure 13 a similar lack of appropriate relation is revealed
between the maxirmm over-all widths and the rated capacities of the
two classes of vehicles.

Figure 1% shows how, of more than 4,000 loaded busses tested
in dne State, nearly cne-fourth actually weighed gross, more than the
gress weizht for which they were licensed and for which thelr owners
had paid a license fee. And it shows, also, how nearly 7 percent of
these busses weighed empty more than the loaded gross weisght for which
they were licensed.

And Figure 15 explains how, in still another State, the exist-
ing law permits the extremely illogzical result of the heavier loads
paying the lizhter fees. The law sets a sliding scale of fees which
ls supposed to exact from the heavier loads a payment that increases
in greater ratio than the registered capacity. But, it also pro-
vides thot a semitrailer shall pay only one-half as much as a truck
of the same rated capacity.

The two sides of the diagram relate, one to Private Trucks
and Combinations, and the other to For-Hire Trucks and Combinations.
It will be necessary to refer only to the left or private truck side
to illustrate the point. '

Referring, then, to the lower left-hand portion of the dia-
gram it will De seen, by the relative lengths of the light and black
bars respectively, that the average loads actually carried on trucks
of each rated capacity (as they were weighed on the road) were con-
siderabl;” less than the average loads actually carried by tractor-
semitrailer combinations of the same ratings. For examnle, the
average cerried load for U-ton trucks was 3.22 tons; but for U-ton
tractor-trailer combinations it wes 5.40 tons, Just about Lwice as
mach. But, in the matter of payment, the difference was f.r the
other war, as will be seen by comparing the figures imsert.® within
the btars. From these it »ill be seen, for instance, that ror the
L-ton tricks whieh actually werse found, on the averasge, to carry
only 3 22 tons, the license fee exccted was $150; vherens, for the
U-ten o hinations, which carried an average nf 5.40 tons, ths fee
requirzd was only $45, equal to the $30 required for a 2-ton
tractor ~nd half that sum for a 2-ton semitrailer.

Ton zee the effect of 811 this on the cost of transportation
by the two classes of vehicles, look at the upper left~hand diagrams.
Trere 1t will be seer that, upon tho basis of the legal schedule of
fees the U~ton trucks paid fecs of $46.58 per ton of actual carried
locad and the Y~ton tractor-semitrailer combinations paid $7.03 per
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ton actually carried. Here, it would seem, is & conspicucus instance
of discrepancy between road service and road payment that nced only
be revealed, as it has been by the planning survey, to be corrccted.

But, although the data collected in the planning surveys
supply the bulk of the informstion necessary for establishment of
the desirable consistent relation betweon the design of the roads
and the use of them, and payment for tham by vehicles, they do not
supply a few very cssential facts. Thessz missing facts are some that
relate to the dynamics of the traffic, as distinguished from its
volume, and the weights and dimensiors of its units. Highway design,
until recently, has paild scant attention teo the nzeds of ranidly nmoving
vehicles. In extenuntion it mzy be said thoat the movemant has not
long been so rapid as tc reguire speocinl consideration, and alse
that in the pioneer phase of rond building, from which we have oniy
Just emerged, ths parcmount need of o merely passoble rcad surface
prevented attention to what would hove been considered excessive
refinement of design. Sco, we may explain the precccupation of the
sarly road designer with such static economics as the balancing of
cuts and fills, his easy acceptance of tortuous alignment, and his
long~time scorn of even such simple concession to the movement of
vehicles as the superelevation of curves.

This formerly ignored quelity of the traffic is recognized
today as o condition of major importence, governing the design of
the modern highways. The stecp zrades, sharp curves, and short
sight distances present ir the existing roads are recognized os
defeets and, as such, have beern definitcly located by specizl
inventeory processes in order that they mey be considered for correc-
tion. Such correctisn will constitute a good part of the work of
needed modernization, determining, in large measure, the costs of
the work.

But though the defects are apparent, the planning of corree-
tive measures calls for certain preeise informetion concerning the
dynamics of traffic flow that the planning surveys do not supply
and that is not otherwise available. It is not necessary that this
informetion be scught in every State. Determined anywhere, most of
the principles are everyvwhere applicable, and the Bureau of Publice
Roads has undertaken to meet the need by special studles, begun
last summer, which it expects to complete in the current year.

Among these studices are the investigations of the hill-climb-
ing ability of motor trucks ond tractor-traller combinations, early
results of which are shown in Figure 16. The curves on the left
shov the minimun speed to which trucks and combinations of wvarious
gross weights were reduced in climbing a long 6 percent grade. Those
on the right show the aspecd of vohicles of the several welght classes
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as it was reduced by the hill from that at which the ascent was begun
to the minirum shown in the other graph. There will bte little dis-
agreement with the thought that the spcoeds to which most of the
heavier vehicles were reduced by this grade are such as Yo create a
troutle~provoking condition on a two~lane road, especlally if sight
distance is greatly restricted.

Alternative corrective measures that suggest themselves for
such conditions as this are: (1) reduce the steepsr zrades; (2) add
an outer lans for itrucks on the uphill side of the steeper grades;

(3) extend sight distunces; (h) ircrease the power and hill-climbing
atility of trucks. Achievad by any of these measurcs the correction
will involve a certair cost, the cmount of which in any case is likely
to be large in the aggregate. The guestion of choice between the
several measures is one which justifies the most careful study, and,
it is perhaps unnecessary te say, involves and turns upon the gquestion
of who is to pay the cost.

The further tasts of this kind that will be made will supply
data covering a rangs ¢f grades and vehicles of various repressntative
weights and mekes in new, well =eintained, and poor conditions. These
data will be zenerally applicable to the grade conditions recorded by
the planning surveys.

Ancther group of tests, alsc begun last sunmsy {these in coop-
eration with the Illinois planning survey staff) ainms to answer the
important question of the traffic capacity of highways of various
widths., Fizure 17 presents an early result of theso studies that
gives convineing evidence of their usefulness.

With the special apparatus developed by the Bureau, it was
possible to measure the spead of all vehicles passing through the
tost section and also record the various tine intervals that
separated each vehicle from its predecessor and its successor. It
should be observed that the total amount of traffic passing in both
directions over the two-lane test section during the perlods repre-
sented in this fizure varied frem 1,200 to 1,5C0 vehicles per hour,
averaging 1,351.

The diagram shows, for each hourly volume of traffic in cne
lane, varying from 1GO to 1,200, the number of times per hour when
the intervals betwsen succeedingz vehiclas exceeded certain time
intervels, the geversl curves representing the verious intervals
in seconds, such as 1, 2, 3, 5, and so forth, up to 50.

On each volume ordinate the distence, measured to the
ordinate scale, between a 45-degree 1ine snd the top curve repre-
sents the number of times per hour these separating intervels were
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less than one seccnd. The space between the one and two-second lines
represents the number of times the intesrval was betwesn one and twe
seccnds in length; and, simllarly, the other vertical spaces between
curves, measured along the crdinate lines, represent the frequency of
occurrence of intervals of other time lengths.

In figurative language, these spaces between the curves repre-
sent the number of %times per hour when the "holes in the traffic,"
that is the spaces between vehicles were of various magnitudes,
measured in time. Xnowing the average speed, it is possible to con-
vert these time intervals into approximste space intervals, and
computed in this way, the space interval corresponding to a time
interval of 20 seconds was just about 1,000 feet.

Now it is possible to compute from the observed data for each
hourly wvolume of traffic the peorcentage of the average hour when the
"holes in the traffic" moving on the one lane were of less than this
20-second or 1,000 faot length.

For the hourly volume of 100 vehicles this percentage was
10.5; for 1,200 vehicles per hour it was 93.8. That is, with a
volume of 1,200 vehicles per lane per hour the "holes in the traffie"
were shorter than 1,0CC feet for 93.8 percent of the hour.

With 200 vehicles per lane, per hour, the "heles" were shorter
than 20 seconds (eor 1,000 fszet) 12.4 percent of the time. At 40O
vehicles per hour the percentage rises to 33.3; at 60C to 48.5.

Let the reader think of such stresams of traffic as oncoming
irn the oppesite direction to that in which he 1s traveling. He wighes
to pass a vehicle shead of him in his own lane, and to do so he must
enter the opposite lane in one of those traffic "holes.! To complete
the manecuvar assume that he needs a 20-secornd or 1,000 foot hole.
Then, if the traffic in the other lane has a volume of 200 per hour,
according to these test results, a hole of the necessary length
would not be availatle for 18.4 psrcent of the time.

But the real conditiocn is worse than this; bacause even when
the "holes" thermselves are longer than 20 seconds there is slwnys &
latter end of such holes which is of shorter duration. If we teke
this intoc account, the part of the time when passing requiring a 20-
second interval would not be possible rises, for the volume of 200
vehicles per lane, p2r hour, to 53.M percent.

Now, consider that to be useful for passing the avalladbility
of a "hole" in the opposite lans must exist coincidentally with the
presence of & sight distanco sufficient to reveal the existence of
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the hole, and you will sco thet the probebility of these conditions
occurring coincidentslly whorn lere volume is 200 per hour is really
not too great.

As 20C vehicles vper hour, per lane of nalanced traffic, is
roughly eguivalent %o U,000 vehicles per day, it may be seen that
at such & density a two-lane road may be not far frem its conges-
tion-free capacity. This aporoximation is given not as an immediately
uscble zenoraliraticn, but rather as tho conclusion of o demonstration
of the =utility and ap.licntion of the nizhway capocity studies, from
which actuanlly usceble generslizetions should be shortly forthcoming.

In this necessarily skotchy exposition of some of the uses of
the planning surveys, mention will be made of only one more item of
valuable information that is being sstoblished before concluding with
& sugzestion of a way in which all items mey be synthesized into a
general program plemming method.

The one item to which brief reference must be made is the
information, that is being systematlicelly compiled, that tends %o
indicate the normsl 1ife of various slements of the road structure.
Figure 18 shows typlcal survivor curves for various types of road
surface resulting from studies of this sort.

For purposes of further discussion, we shall consider these
actual, complete survivor curves for three different types of road
surface as representative of thrze zeneral tvpes of life experience,
calling the one nearest tc the l2ft Type 5-3, the middle one Type
1-2, and the one to the rizht Type S-4. In Figure 19 several
variants of the two Types L-2, and S-U have been reproduced, in
each group of which the general characteristiecs of the several
curves are alilke., The several curves of each zroup represent =ach
a different averaze life, the one in sach zroun furthest to the left
an average life of 5 years, the cne furthest to the right an average
1ife of 30 years. The diagrams show how these two sets of type
curves can be used to forecast the protable average life of two
groups of roads of which we have thus far only the stub curves, A
and B, OF the groups represented by both curves 20 percent of the
original mileage still survives, for group A at the end of 22 years,
and for group B at the end of 1€ vears. The purpose is to estimate
what will be the average 1life of the vhele group as it will be
revealed when, finelly, the lrst nile »f cach group is retired
from service. 4s will be obssrved, this is done by matching the
two stub curves against the svailable systems of typs curves., In
this way, it is found that Curve 4 fits Type Curve L-2 for an
average 1ife of 17 years: while Curve B fits Type Curve S-4 for an
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average life of 16 vears. We, therefore, =stimaste that the final
average 1ife of the whole gzroup of roads represented by Curve 4 will
be 17 years, and that of the roads represented by Curve B will be 16
years.,

Employing such mothods as these, it is hoped that the road-
life studies of the survey will shertly indicate, at least, what
reascnable assumptions may now te made concerning the average life
pericd of various physical elements of the road investment; and,
continued, will permit the accuracy of such estimates to be steadily
refined. The need of such reasonable assumptions or estimates
arises in the determination of annual road costs, a working knowledge
of which is essential for planning of the future road program.

A methcd of approach toward such planning, employing all of
the data developed by the planning surveys, is indicated diagram-
matically in Figure 20. The curve in the lowest rectangle shows,
for any group of highways, the number of miles serving each level
of traffic volume. The brackets at tho bottom indicate the
decisions that must te made concerning the type, width, and average
annual cost of the surfaces and other improvements required for
classes o¢f these roads serving the several broad ranges of traffic
volume. Such decisions will bte made upon evidence supplied by all
phases of the planning surveys, including the road life and traffic
capacity and other special studles, and upon the basis of informa-
tion supplied by physical researches and experience.

Beginning with the sectlon of greatest traffic volume in the
group and accurmulating the mileage down the scale of traffic volume
gives the Cumulative Mileage Curve of the middle rectangle, and
multiplying the ordinates of this curve by the appropriate average
annual costs per mile gives the Cumlative Cost Curve.

This Curmlative Cost Gurve is repeated in the upper rectangle
in order to compare it with what is desiznated as a Cumulative
Revenue Curve, formed bty multiplying the accumulated product of
miles and volume for each traffic volume increment by the average
motor vehicle tax earning of one vehiecle-mile. A similar comparison
may be made between cumulative costs and cumulative vehicle operat-
ing savings by using, ss the multiplying factor applied to
vehicle-miles, the estimated saving per vehicle-mile afforded by
each class of improved road. As previously sugzested, such savings
may be assumed t¢ represent the absolute limit of motor vehicle
taxation, a limit that is probably, however, well beyond the point
of diminishing returns.
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Censtrueting such a Cumulative Revenue Curve for any assumed
total tax rate and comparing it wvith the curve of Cumuletive Cost
1rill show what part of the vhole road systom could be supperted by
motor vehicle toxes at the fssumed rote,

In the cxample it will be obsorved thet the cumulative
revenues and costs arc in bolanes for the roads of greater traffie
volume dovm to o volure indicated by the intorsection of the two
curves at A. For zll roods of lessor traffic velume the cumulative
costs cxececod the cwrmlzative revenucsy but on additional revonue, in
amount x, is cccuruloted by these lessor reoeads which may be further
applicd to the support of additionel milsage carrying troffic volumes
in oxeccse of that indicoted at point B.e The additional Cunwulative
Cost, y, of the rermoining milcage, scorving less than this traffic
volumo, is the nct execas of cost of the whele systen over total
revenues, produced at the cssumed roato of notor wvohicle taxes. To
represcent the coffect of cny subsidy oxtonded t¢ such o group of
roads, such s a portion of revoenue carned by anothor group of
highweys or streets, or an cppropriction fronm property toxcs,
Foderal 2idd, cte., the Cumlctive Rovonuc Curve weuld be raisod
wuifornly by the ampunt of the subsidy, ond thus would creoss the
Curulative Cost Curve furthor docvn the scale of traffic veolumc, if
it crosscd at all,

The group comprising roads of the greoctor traffic demsitiss,
irndicated by ony such cnnlysis to bo suppertoblc st any ossumed
rote of vchicle taxation, con be scon upon o mop os all thosc sce-
tions of rcads hoving traffic dernsitics obove tho indiented minimwr.,

Such o group of reoods in ond county is suggested in Pigurc 21
by the solid black lincs, As indicoted by the dotted black lines, it
is probablc thot ony such group of rocds would be discontinuous in
cortnin scetions.  Such geps, 1f filled, would neccssarily be supported
by sceme form of subsidy, os weuld cay othor additiorns to the system.

By such o prcecss the continuing ccosts of o group of improved
highways can be bolanced agoinst the vehicle tox coarnings of the same
group, sunplomcuted or not, os tho casc oy be, by revenucs from
other scurccs. Yhen such o balonco of porticular highvamy irprove-
rents cgeinst pearticular sunms of rovenuce conl be thus speeifically
deseribed, when definitc roads on oownp cxn be showm to be ths only
ronds possiblc of posscssion within the incorc from definite tax
sources, thex we shall rave o rood progrom, rotionelly developed.

The esteblishment of such a progrozi, os netrly os moy be procticable,
is the final objecctive of tho higlway plmaning surveys.
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