sddress before tne Yorld Motor Tranaport Jongrese
day 23, 1%84. Dotroit, Lichlgan.

GRETRAL ECONOMIOS UNDZHLYING THE HICHWAY
By Thomss K. HocDonald
Griel of the U.g,Buresu of Public Hoads

The nighway ie o thing of service - particularly individaal
service. It coses intlmately into bumsn 1ife in ite ordimary phases:
and activities. This i¢ sn unchanging aspeet and individusl servive.
Tanctioning of the hi hway holdsz true in wnatewer country it way be
loeated. Highway transtort hes a very definite slace in the genersl
trausportation schene nnd in thile country we now recoguize it as an .
ezzantinl elewsnt . and hove found in ivs developwent s aatlaf&ctbr# |
*nd increaaing relied frow the lack of tronsporiation of the kind
for which the need bag long exi:sted, and »hich gould nch.be sngslie&
untii tie nerfecting of tes zatinr vehiele,

fivilizsstion has nrodaced three tynez of trensportation for -
ordinary gsage- rail. wier snd bBiskesy,  Toch hasz ﬁefinité gnyréﬁacy.
Taeh hap its limilatisne,2nd It ig s wmiztake to stiempt o substitute
one Tory whers ansther is Potter Titied, is funlicafe if antiefoe-
tary branonortutiosn of znotier Tors in niveagy aveilahis; oF o
allow comyetition to deetray or srevent afficient service. |

Inflivense of mier Transporiation on ﬁéw Englang

Phinking back to the earlisr history of the United States
water trsnsporoafion sllosmed the first shite 3&&%1@?5 £ reach
tne couniry. dater framsveriction had sueh a profound influence

in the setilement of ths New Fngland stares thab todamy it is



ssperted that 70U vercent of the ropulation live within Fifty
wiles of the seaboard, snd & major part of the industrisl
sctivity is conteined in the gpme sren. The influence of

the early wagos routes and the early canals inte the interior
is today very zoparent. and it was by waler and by overland
wagon treil that the grest agriculturs]l district of the Hisge
issivni Valliey, =nd the Pacific Tosst were pionsered.

Hut seither the highway nor the water route cuﬁld avey
have made possidle the commerois]l ecntity of the United 3tates.
The rallrosds meduced the fistance between the Facific and
filantic coasts Bag aensured nob bty milés but by tize, until
Lthe grest zsjor districes of the United Siates were brought
close, comearcially sod politicslly. Yet even the railrcads
and the watersays conld not sulilply thﬂmse;ves into the al-
most jufinite susber of relstively small services needed by
the incividual and fthe comwaaiiy. Thus, the agriecultursl
districts genended upon the hovse-drasn veiiele and highway,:
and the city uwpon the harse-drswn vebicle and the elaeciric
cars where there wos a sufficient use to Jjustify thﬁif apera?_
tion.

111 Soon Hsve Sesistration of 20,000,000
fren the water vehicle Tirst made its appesrance,

- the radius of activity of the individuel w»ns determined



I

largely by the Lorse-arswa vehicle, the eleciric car and

the railrgad. “sch of these forms lsd reached its possible
aevelonnent in the degree of service it could render to

the individuzi. Yach wes capable of expansion and exiension
in guentity, bul the nuslity of serviee mes defined. ‘%hea

tre motor vehicle First became a practlesl uwtiiity. it wes
regarded nalursily se8 a aubebituie for the horse-drawn vehicle.
As the numbers srew and the vehicle wmzs perfected. sope colaims.
were mede that It would displace the rallrosd az the railiﬁﬁé
disnlaced the soterwsy. Thls lasiter view fortunstely wmas

not given very serious sttentlion. The major ezperience rith 
thie motor velicle in the Uniled Jisztes has faken nlage in

the ocast ifen yeoars. In that time the nuwier of smotor vehicies
in service bms incressed frow sbout one willien to fiftesn
riliion &t the end of 182J. The incrense alone in nusbers

in 1823 a8 grester than the tolal nuumbar regiéteré& tan

yeurs ago. It ig conficenily predicted that the r&gis%ratiéﬁ

figures will rench fwenty miliions within 2 sghiort time. He

)

would be u foolish mes to predict shel numbers the tobal Teg-

ks

stration will rezsch. bul 1% ie olainly appareat thet & ﬁa—f
Jority of our shole popuiation is now guite éireatiy"iﬁ§e$4 
ested in iie motor vehicle, end the sroportion is grester
in the lmss congested districts and vartioularly in #&a :

ngriouitural aress.
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There nre certajin ¢lassical guestions o ehileh no
extiefnetory snpwer has hesn found. For ezasnlie, whether
tre egs or the chicken csme firet, will rnrobadly always re-
42in vhanswersi. There iz no such wneertainty about the
cevelomment of bhighwey transport in the United Ztates. Fhe-
oretleslly nighway Uransport is the cowbimation of the molor
velhiicle, and ihe higneay flaoroved to Lhe degree pecessary
to carry the motor vehicle with economy. Practically, the
wotor venicle caue firsi, and ii case in such large nurbers
that §% outstrinped =ny sossible new construction program
of adeguste hizhways. “Yhere ig no mistake in thie thought.
he aotor vehisgle wer the foreranner of Imvroved highweays
in tuie rountry. It Zme Lroughi te 3 large oart af our Ppos-
Wlation & direct interest in 4he conetruction and m&iﬂ#en~
anee of mdeguate highwesrs in every zecition of ihe cﬁnﬂtry..
Farthews 10 contributed Isst year to the State. Pedersl and
incal governsenie in gnoline faxes, excise tzxes, versonsl
property tnwes, regielretion fess snc =ilied tszes mére than
FalBo, G, an amount eaual to 4D per cent g the total
sxmenditure for rood ronetruction and maintensnce.

uased on the comlsie rosd census mede by the Turesy

of 151 of all bighway sxcenditures |1 s sesusisg auprox-



iwmats 1y the snwme conditlons in 1¥C3) about 38 per cent of
bie Latal capenaitures came {rosm Dond issues and about 444
er cent onue frow geénersl prooerty feaes. Phe reésdindey
cape Tro Wecersl ald.
How Highway Fands Are Halsed

‘Me whole of the revenue froc tie gotor vehicle has pot
been pnnlied dizectly to tke rond progras for any year., For
the past three yenrs the tobtal national expenditure has been
asnraximsiely ons tlllion dollsrs.  The expenditure for 1221,

anoa ey ewoilbe Lealae, wis finapced as follows:

Bande 4.10 »er oanita
Fageral nid JPH oner canita
Tanerzl arycerty and other lasxes 4,82 oger oapita
¥Yotor vehiale ravenuss 1.16 per ~anits

fatal 19083 car oanplis

A consideratle nervesnltsge of the bondse nre.financed
from the tnoome Tror (he motor vahicle, and the Jaderal &ovsrnm.f
ment haz received in ezolise Laxer on the motor vehicle and
ACCOAOTIME moTE Lhan double the aoount thal hes been paid out
in Pederal «id.

e current expmnse Trom geaersl praperiy and sther
taxes, nmounting to 34.82 ner sapita, it will be noted, 13:.
orly 2 Lrifie more than one cent per day to the individsal.
Thig insludes not ouly current expenditures for rosds, hut
neyments smde for interest =nd princiosl of bonds grﬂviewsiy_”

jgsued. Fhile the rosd orogram ie lsree, ils opponents will
3 £e .



[

have Lo geek elsewhers to find the explanation for high tazes,

Gt

Thig is furs

1%

gy borne oub by the faet that in 19323 thg
“apnag Purest renoris (hat the public revenuee of the céﬁﬂtjy
cuoanted to 49, R34, 000, ol

Teking fron thieg the revenues collected from Lhe motor
vehiele in license ferc nnd gasoline taxes slloeated diréci
far road purposes, bbe tolal amounte to $38.80 par capits.

Of this azount 54.54 per cagiis was ccliecteﬁ,f@r_higﬁa
way purposes. Thavefore 1d.4 per cent of'all taxes, other. .
than those sccruing Trou the motor vehicle and used diracziy.
for rond narposes, st eoiiected faor higbwsy purposes.

dhile the averase ner capila tar amounted to 34.32.
there wos a large variztion between the différ?nt seclions
of the counbry.

In the thieckly covulsted Jew ¥nzglang grnup.af $t§t&a;-]'
7.2 pey cent of the fteres zeve for hlghway purposes, snd“in7‘
the mountaln sroup which includes the mﬂst'thiﬁly poﬁulgﬁeﬁ‘ 
seption, 16.8 nrr asnt of the Lfobtal fax incomes ﬁgs“ugaé;fsi_

highway purnoses.

»
Sravth of Sasoline Tax
In 1921 gnly & swsll pusher of the siates had B gasclize -

tex, so Lhe revenns from this source wac muech smeller thas

it is at present, bubt the revenve Trom gze texes and regis~




tration fees ugsed directly for road purnoses ssmounied to
nnoaversge of 811.80G ner car. This ites alse showed consider-
#ble variztion belween the different sectiong of the countyy.

o

relend states the highest average of $16.40 way

ot

in the Yew
resched, and in the freific Sistes the lowest of $8.30.

The ratlio of the inense feos the motor\feﬁa and gue-
oline texes pend directly for read ourposes was 10,4 per cent
af the total nighway income. These figures are for 182) and
since then the incowe From the rotor vehicle hae been v&r?f
largely increcved Ly higher reglstration fees, and by the
wider iwunosition of the gas $ax. Thue the actual income
From mll sourees fraow the motor venicle, it is believed iz
correcily nlaeed at the figure nreviously given of mors than
B450, 000,000 or an suount eaual to about 3% per ceat of the
highuay income. Yhile the motor vehinle has brought with
1% the necessity for a lsrge outlay for road purposes, it
fis produeing revenues egurl Yo 3 very consizerable aerﬁﬁa&§
gae of the aspusl exvensitures. In sdliition to the dlrech
inconsr, there is & lerge indirect income from increzsed
sroserty talues and the tremendous veluation of the establish-
ments devobed to the Dusiness of highwey transport and its
21%ied setivities,

s %o and ineludine 31371, for highwsye. a bonded in-



debtedness of 31,233 ,000,000 has besn secumnlated. Phis
amgunts to snoroximately 14 per ceni of the tolal i-hde‘btéﬁ« .'
nese for all surncses, sxlusive of the nationel debt, _If
the natfonnl dabt ie included, the percentage is reduced to
about 4 per cent.

These firures nortray the sids of highway t.mna;}ort o
that is the wmost 4iffioult. For highway transporiation,
the public farnishes the roadways, sand the ind{vidusl the i |
rolling stock. Public funds which come from taxebion are
ever the causze of more or lLess resistance and eriticlem from
tre public itself. The acjustment of the cost between gen-
eral taxation =nd soecisl taxee unon the moter u-hicié,
including the gasoiine tax, 1s one of the very d:;ff_icﬂt
problems which iz not yet ndjusted with m'conuidegfﬂle
uniforeity between the states. It mast be mmsmham& in o

thiz conneetion that shatever tox is placed &g_ainst'_th'-

motor vebicle iz = tax woon tramenortaticn. In so _f'_&."r g

the non - businesz vse of the wmolor ?ehicle_ Le taxed, thia
eost mmy not be further diztributed, bui tha.;t_:garti'&n af ti@e o
tax #hich goes pgainst the businees uses of the highway,
shether by perecns or comvodities, mmst be fi#u&ly ditﬁ-ﬂ?&é '
.ated hack to the producer o coneumer. .

4 survey mode by the Bureaun of Public Boads in Con- S



pecticut shows that the iransporistion of poumodities oeer
the highways of that state amounted to 153,000,000 ton ailes
in 35772, and this movement amounted to only about 15 per |
cent of the total movewent, the balumae being made up of
gazgenger vehicles, 33 per ceni of which was for business
nurcoces and 65 per cent for non - business purposes.

97§ of Cincinnsti Milk Hacled by Fruack

& recent stady of the btransvoriation of milk iaté:# .
cumher of the larger sities shoss that iz Cincinssti avont
27 percent, in Indismanolis Z1 mer cent, in ﬁilwﬁnknn 8-
ver cenl, and in Detrolt 81 per cent of the lolel supoly
coptts in gver the highways. Io Haltimore Lhe yereantaga-b#a
increased frou about € per cent in 1915 to about 40 per cobt
at the present time coming in over the highways. ?axés

levied pgainst the wolor truck wst of nmecessily be &1stri§~

uted to the oroduste which are transporied over the ﬁigﬁa@}a;ﬁ_' 

It is ot %o be doubted that highway transport, es
it troe of any tyne of efficient tramsvortation yrﬁgeray--i-   ”
develoned, &hangﬁé poteutial wealih L5 resl weslth. -ﬁﬁ@é&&&;
of the gfeaﬁ flexibil ity of the eﬁmﬁinatian:af:&atar t@hﬁgga'
amd higheay in the oooniry. whether intensively éavgggge¢~5”
or in the niomeer riages, highesy transport mey Ye satisfac-

torily securel within the resources svailable.
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The experience of the years has pointed out that high-
way irmnsport hasz as many shases as do the ccmmunities im
different -erts of the natiom. Hignway traffic is found %o
reflect faithfully the life and activities of ihe community.
#here the large population centers ars relalively close, ihe
commeditly traffic ig made uy lersely of manufactured goods
and the raw and finished materisls of industry. In the Zen-
necticut survey - a typical indusirinl district - the maosu-
factured nroducts fuarnished 73 pner eceni of the total tm
In th@ agricultural districts the oroportionc are reveraed,
and the trasscoriation of sgricultural preducts becomes the
dominant traffic. '

fine of the wery imvortant snd growing umses of the high-
way iz reflected io the trsnzcortation of 231k and other fresh
food products from the nearby areas in—%a the pepulation cen-
ters.

Hirheny “ystens

%o foruula has yet been devised that alone will atm L

the developmwent of highways that will best zerve a 33#@_3@1@_;_'

‘j?hé higheay 15 & $hing of service and the service ﬁem&&éﬁ;,_ .
nrerent and polentisl, aust be studied, imtellilgentiy asd '
peientificaliy, ang righwars provided tha%_ #ill men Lhe ;ﬁ;a:};e

cast of bizhemy trasnsport at toe lowest poseible figure.
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Gertain general princivles are applicabls. Perhaps
the most important ig this. The higheay improvesmeni srogrem
must be planned 4o give maximum service to the largest :mmr
of peonie with the minimum possible mileage. |

The second is this. The improvement oprogras m#t be
plroned to meet nation- wide and state - wide as well as
locsl needs. This is resched by a division or classificatiaon
of the highways into systems.

Tt iz a 24fficult task indeed to focum the snergles
of a commnity or of a lrrger body politie unon a definite
system of highways of limited smileage and hold to the task _
until complete., It is alwost if not guite ix@ossibi&-uﬁiéks\
each unit of govermwent assuses & shire in the sdministrative
and financial burdens,

Highway Adxinistrsiion

Third - For each unit of government aartinip&ting in t&m
highwey program, there sust be an aduinistrabive head mnd &a'u"_"_ |
gineering organization with zulhority snd funds. Tha aeleatiﬁn

of compeilent personnel, their freedom from the changing winds o£ .

partisan politics snd their continuence in the work, '&ile. wﬁ

1, mnﬁ@ﬁ% gfficient servics, will largely é&%emm ﬁﬂ! c;lmrm Fi

acter and cost of the improvesents undertaken. o
flose co-gnerztion meiwesn the hRishway admiﬁigt.mtiva Of-

zanizations of t$he different governmental divisiong i ega&nti&i;_._
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In this country, the planning end ~doption of the Federsl &id
eystem of highways enbrscing 170.000 miles and covering the
great area of tbhe nation, is truly s triwmph of co-operstien
between the States themeelves and between the States and the
Federal Government. ind the Statee have had on the whole fine
help from the county organieatioms.
Selection of Higheay Types

Perhaps the fourth important orineciple is that the mosk
durable roadway is not the most econsmical to use for a @;’10&1’ ,
imorovement program.  This say not be orihodox theory bat it
ig & real truth neverthelesz. Trus economy sual concern t'ns.
wiale of & people and furiler muat cover the total cost of

highway transport. The limitations of time, finance, lsbor,

meterials ipfernoge obstacles thal restrict the possible anmual |

coastruction of the most durable paved roadways io a -mig.t_ii:aly__f_'r

smell wileage comnmred with the totsl demands for readesys _'

fsproved o the degree of ressonable utility. Jur retlesys
tausht us Tirst the sractical usefulness of nrogressive ﬁgx;. |

stape construction: our highwsys as a whole demmnd thig glan
this country varies from plonser o nhighly developed distzicta, i
from desert tn swamp, mo;mtain to great prairies, .sc;, &11 Saypee N
of raﬁ&wagg are used. It has heen well demonstrated bhat :'@-na; .'
of tre great needs is for & long wilezge of the lower é'@;ﬁ_&t..

rosds and it has aleo been desmonstraled that these ia@r;c;aﬁ;i



roads can be built up to wicsr sbronger types when traffic
demanda and the funds are available. Since 1918, more than
32,000 miles of Federsl Aid highweys have hesn comnpleied and

about 30 ner cent are surfaced with sapd - clay and gravel.

Fome of thege wiil ipn the fulure b2 naved but uesnwhils teaffie - -

is being carried with greater econosy than if the sam@zfﬁnds"
had been used for tbe more dursble type of construction.
It will be evident we are attempiing to secure both mjﬁ&agwt
of low cost roaiways and continuone construction of the more ”
durable vasdways - each where economy dictates.
Highwny ¥alntenante

Fifth. Wo amiter what the construction, ¢ ooxouy and

satisfactory service ~an only be ebtained through ¢an£inuﬁﬁs.-' L

highly organizeé caintenance. The splendid maintenange of

the State and Federal Ald Systems by the State Highway Depazt- . =

ments has been a major factor in the widespread and éugeess-; V{;5”
ful development of the highwey transncri.
Baroing fepacity .
Trese princinlies annly particularly to the adﬁinistrati§§;“
and esgineering features of a highway imgrovement pragma&; y?t'
they do not ecarry the justification of suech z netiomal grngfmm-
ire justificalion is ihe earning capacity of imnruved,%ighuays,

_Eeserrgh has made availabvle definite inforsstion which fakes the



earning eapacity of the imoroved highway ont of the m&lm af-.

conjecture. 1%t ie mede real.

Firet Txample:- Tractive resistance of ordinary ferms -

wagon with load - goomarison during soring, wmet weather.

*ractive ¥esl atm

Heavy soils. unipnroved-——-—=-—m=m-—o - 00530 1y, ver ﬁéh S
Gravel surface, compretedeme—ver-se—ms112-150 1bs. per ton

The ‘sca.me nower aould wove four tiwes the Io&d on the
gravel surfece.

Game - dry weather conditvion. _
Zeavy solls. unimproved-cocmmnccoacnn- 186-215 1bs. per ton .

Sravel, well compacted-——mc—mmevsamm—an B0~ 76 lbs. ‘per ton =
The sawe nower would move thrae times the load o t'.‘*axe=

gravel surface.

Zecond Bxample:- Rolling resistance - méiof t;{m&,

solid tires, 1Q =. p. &,

Tractive Eesistam -
Earth roads, well ms,u;mimdn*w—-mm-w-m-—«—e@b lbs. p&r ton:
Gravel roads, w8l]l maintainede-mececameca—aadb 1ba. e
Paved rosds, well maintainede—-cemmeicowaun35 Ihg. per
¥ote how the woetor vehicle snd the lmproved i, iy
_bmre lowered tre tractive power rﬁsmr‘m {0 move %xmmga '



Third Txaanlis:~  Vehicle overating costs on various - ’

tynes of imoroved roads. {Cost in cents ner tom-alle.)

Pyne and Speed of Yekhicle

-
s£ BE 2
r !-e wt
BEogb &
R I
w E = N
R B S
S22 S8 3+
g § o A -
Type of Surface ;‘.‘1% % i b
28 F£& 28
Average Portlsand cesent conerete and .
asgphalt filled briek g.00 8.2 | 18,00
Best FPortland cemeni and asphall _
filled brick TP PR BLE
Test gravel, yesrly average 8.5 8.8 10.9
Griaipary grawvel, yesxly mversge $.0 .40 11.8%
seteriound reeadas. well caintrined 8.7 8.8 11.1
24 tuninons macaday, wel) mainbeined 8.8 B.80 10,6
trarsge cheel szphalt  yearly svermge : .
tesoarature B.10 8.3 1000
Averace paphaltic concrete yearly _ L
sverage begnerature 8.6G 8.3 000
nest sarth. so'l pasked by treffie, : o
yearly gversge 4.0 240 1390 0
Grdinary esrth sith light traffic, . A
£.5 9,96 186

YARTIY averngs

A B-ton trachk opersiisg sn sversgs of 50 &*i a8 da.ilx.g K

255 ton -~ miles per day, for W0 daye. would be 75,000 ttm -*Qii&ﬁ

per yeey., On the boeiz of the cost figures I hﬁa’m g;ivaz;, yzm rﬁi
pote that the difference of 14 senie per iam - ] 3.9 betwm m |
crainary esrib rond and a good paved romd #z:ulsi be £1, M% ;}&r mr,
Betegeen the same earth rosd and gn a%ia&ry gmwl m&d, thﬁ sat&:;@

on the operation of the Smwk wouls be “A’?& pex Iger.



