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The ma.rked. mprovements in de51gn ang structural efficiency
cf the automobile during the last 15 years, the tremendous increase
in motor vehicle registration in Western Eurore and in Ilorth and South
America during the last twelve years, and the possibility of. the satis-
factory use of motor trucks demonstrated during the World Var, ~ ’
unquestionadbly create the assurance that the modern world has a new
element which must be provided for and develcoped in any complete
system of national transport,’

This new vehicle requires a systeir of highways on which to
operate, . Italy is recogmzmg the new demand by the construction of "
motor routesy Spain is once.more turning attention to the improvement
of a road system which has been little changéd since the Hapoleonic
yericdy Portugsl is awal\:enlno to the nos,iullltlos of commercial. and
tourist development; and France is ntroposing an ambitious improvement
in the famous system of Routes Natiomales by instituting a new classi-
fication of super routes to be provided with modern pavements.

In Canada the Dominicn has provided for a system of grants
to the Provinces for road construction, and in the United States,
under the provisions of the Federal Aid Acts, a program.of road con=
struction has been instituted which can only be described as magnifi- -
cent in its size and conception, It is only a question of a few years
“before the less developed nations of the ‘/estern Hemisphere will
strongly feel the same need and impulse toward road constriction on a
* scale larger than they have ever before considered. Already liexico,
the Argentine Republic and Chile are taking the first steps toward
the development of highways having & truly national significance.

With such great developments in sight it is timely to con-
sider ways gnd means of assuring that fuads shall be spent wisely and
to the best advantage, for the financial problem invelved in the high-
way program is in all countries the fundamental and difficult one to ¢
solve, To keep expenditures to a minimum we must attempt three tnln%s~
(1) to select the right roads to be immroved; (2} to determine the
correct types to build at any time; and (3} to build pregressively,
but so that all work done may be salvaged in future work.

To handle these matters most effectively the best method is
deliberately to plan a naticnal highway system. The fact that pioneer
roads and trails have developed, that scme rcads have already been
imprcved, that cities have grown and the rural 'dlstrfcts “have been
put under cultivatioa should not detdr us from attempting such a plan.
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This may disclose errors made in the past, but it will emable us to
avcid such mistakes in the futura, It may lead to a chonge in lecca=
ticn and priority of coustruction for many miles c¢f highweys, but if
it does it saves money. Studies ¢f state highway systems made in the
United States during the past three years clearly domonstrate the
value cf such work even 2t & late date., But obvicusly the ezrlier
in the highwny history of o ccuntry such studies are made the groater
goed will flew from them.

Highway systems may be planned as in England, Frence and
Spain for the n2ticn &s a whele by the central govermment or, =s in
the United States, by separate political units with & necessary
authority to correlate and commect tie several Ctote cr provincis
systems left to the central govermmeat..

lic State has an entirely free hand in laying cut a highway
system. Aside from the topcgrophic influences, the majer dreincge
channels and the effscts ¢f climate, there is alweys a netweris of
existing ronds and trails tc be corsidered. Fortunately, these
existing roads have develcped naturzlly to reet growing demznds and
they usuzlly are located so that ther can adventogecusly te brought
into a scientific system of highwnys. But such rcutes hove grewn up
under the lew of leest resistance, and frequently hove lccal defects
that must be chonged ond improveds The most cemmen defects are cxcess
curvaturc snd ccnsequent length resulting from insufficient grrding,
excess gredients resulting frem the socme couse, ond nct infrequeatly,
too moary lines of trovel develop, beccuse in the post it wos just
as exsy to trke cne bod rood as another,.

The first detail in approacking a national or stnte highwey
plen is to meke & general survey c¢f the entire area to le covared
by the propcsed system in crder to determine the gerernl charocter
and ccndition of eccnemic develcpment, Such a survey sheuld be
statisticel and the data should be tabulated for both trecd ond
specific comporiscns, end also placed upon o suitable ey by grephic
means in crder thnt the conditicns moy be visunlized and their
geogrophic relation fixed., The dato most useful ore perulntiong
agricultural production in tomnage for gensral crcps and in cost for
special crops, such as dtiry products and food stuffs delivered
directly for consurption; and momufoctured produczts by ccste The
areas supplying these facts should te defined, and in entering the
information cn the mop, nct cnly shculd the locaticms bte showm, tut
also by an cppropriate series of cclors cr shading each area
should be given a quantitative distincticn, In regions where there
is cchfusion of data, and this may frequently cccur, it may be
necessary to .use several mars, ¢ne to shcw population, andther to
carry agricultural areas and producticn, and ancther to show indus--
trial regions and their cutput, A most unusual map has recently
teen yrepared for the State ¢f Pemnsylvania, U. S. 4., showing
quantitatively 24 separate items throughcut the State. On the basis
of such a map alene a state hichway system can te laid out, at
least diagrammaticzlly, and the rcads wculd have to be altered only
a3 required by topography. A map so involved 2s *this one is nct
reccariended, however. It will be found much mcre couveunient to
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gToup sslated data and use sepagats Raps focr showing the related
information,

After such an eccnomic survey has been made the question
of topography should be studied. It would always be helpful to
have complete and detailed topographic maps, btut seldom are these
available until lcng after the time when a highway system should be
plamed. In the United States such a survey is today only zbout
45 per cent comrplete and sc¢ the absence of siuch detailed information
can not be allcwed to prevent adequate planning tc mest the current
and . early future needs of highway transportation, TUhen the time
canes to fix the exact locaticn of a road for. impreremernt, taen a
detailed survey of that rcad will be needed and in +he azbsence of
general topcgraphic data the read surveys will thémselves have to -
be extended sufficiently to disclese the most econcmical location.
Much ¢f this information can be secured by recommaissance surveys.

Finally, it will be necessary tc have a czreful and full
study of the existing traffic on the roalds as they are, Such data
in some cases will not represent the conditions that must b2 met
in the future, but they will furnish a satwsfactory measure of the
relative importance of routes.

" The details of a traffic survey are important., They should
be bcth quantitative and qualitative, The various counts shozld be
classified appropriately to cover the different kinds of traffic
flowing on the highways. Local practice and customs will indicate
the classifications. Probadbly no two countries ean usc oxactly the
same subdivisicns, For instance, in Engiand heavy stesm or gascline
tractcrs called lorries are not uncomon. the other hand they
de not exist for general use in the United States. The¢ large twe-
wheeled cart is used rather generally thrcughtout South America,

It is very localized in the United States and the high wheeled type
is confined 3almost exclusively tc lumbering operatmns in the
Southern States,

It is probable that ultimately the classifications of e
traffic will approach a sort of standard form becduse as mctor trons-
pert develops the successful types, themselves highly stondardized,
will ccmprise s larger and larger rart of the total traffic.

_ Traffic data when in hand should alse be tatulated in
sumrary form for various routes; and diagrammatic presentaticn of the
density and type cf traffic should te shovn on 2 suitsble may, In
the Permsylvania State map already referred to all traffic dsta
were included; but tke use of separate maps will be found mere ccn~
venient in most cases.

With the infermation in hand as descrited abcve, we 2re
ready to attack the dstails of the protlem. e shall assume %hat
we are dealing with & naticnal system rather than a state or provin-
cial system, The first thing to be considered is the rrobably
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adequate mileage of roads in the system as & whole and in the several
political or economic subdivisions of .the system. The nation will be
made up of a wide and interesting variety of areas each characterized
on an economic map both as to the type or quality and as to the develop
ment or‘gyuantity. Some areas will be agricultural, perhaps whole
States may be so classed,  Others will be chiefly industrial, There
will be desert areas, mountainous areas, forested areas, Some regions
will have large cities or towns in considercble mumber, others will
have a single, central metropolis and a sparse and scattered popula- -
tion in the rural sections. To arrive at some reliable data as to the
amount of road mileage, widely distributed, that will serve these
various subdivisions of a nation, we must turm to & study of other
countries., In England, France and the United States, respectively,
we have a great variety of economic and natural conditions for wiich
such data are at hand, BEngland is largely a mamufacturing country
highly developed, France is a manufacturing and agricultural ration.
In the United States there are separate political subdivisions

known &s States, that are characteristically divided into maaufac-
turing states, agricultural states, mountainous states, desert

states, etcs, and the conditions affecting the distribution of
population are as varied as will be found in any western naticn.

England, a manufacturing nation, hes 2.6 miles of public
highway per square mile ¢f area. DMassachusetts, U. S. A., & manu-
facturing State, has 2,34 miles ver square mile, Pemsylvania,
anotiher manufacturing state with, however, a large norsh central
agricultural section, has 2,03 miles per squsre mile, Chio, not
“ unlike Pemsylvania economically, but much less mountainous, has
2,07 niles per square mile, Commecticut and Rhode Island, both
typically manufacturing States, have 2,52 and 2.13 miles per square
mile respectively,

Well developed agricultural States like.Illinois, Iowz, and
Missouri, have respectively, 1,72, 1.87 and 1,62 miles per square
mile. Indiana, an especially advanced agricultural state, with many
mining sand smai; industrial centers, has 2,12 miles per square mile,
Southern agrictltural states, devoted to cotton and corn production,
like Georgia, Alabama and Mississippi, have 1,62, 1l.14 and 1.14
miles per square mile., Arizona, a desert state, has 0,19 miles;
Nevada, a similar state, has 0.24; and Colorado, a distiactly moun-
tainous state, has 0,46,

France, which as a nation, is probadbly the most advanced
so fgr as concerns the highway plan as distinguished from coanstruc-
tion, has 2.1 miles per squarec mile.

These figures represent the total mileage of public high~
way which will serve areas of different gener:l economic classes
when those areas are highly develcped for each respective class,

: Based on conditions of general development in Europe and
the United States, which may be considered as repyresenting the
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typical @evelopment of national areas, we find then, that a char-
acteristically manufacturing reglon ghomld eventually have approx-
Lrately 2.3 miles of highway per squire mile. Gther types of area
can likewise be classified in the same manner and we can ccmpile a
table likre the fcllowing:

Miles c¢f Highvay
Per Sqguare lliles cf Area

Highly develored manufacturing areas 2.3
Highly developed flat agricultural areas 1.7
7ell developed hilly agrlcultural areas 1.4 -
Kountainous areas 0.7
Desert areas 0.3

These figures comprise all those picneer rcads snd trails
that necessity has established including the later wagen roads cleared
through forests, marked scrcss prairie and plain, and finally created
by law as the public highways ¢f the state or nation. TFor cur pur-
poses these rocads represent the ultimate requwrements. In some less
developed countries such a mileage may not now exist; eventually it
will, It represents the human demand for avenues of ccmmunication.
These are the roads that must be ccnsidered in laying out a national
highway plan, The 'problem 'becomes largely one of selection and -
discrimination with scme necessary additions and much needed ccrrec—:
tion of detailed alignment and lecaticn, Mo possibility exists in
any country tcday. that all of this large mileage could be highly
improved, It wohld be uneconomical to improve such a mileage, as
well as financially ruinous, The actual traffic is sO small ocn
much of this mileage that improvement is not Jjustifiable,

In laying out a naticmal system cf roads for imprc?rement at
. the general expense the mileage resulting from the application of
this table to.the areas must not be used, but a certain empirical
fraction cnly., This will be a surprisingly small fraction, but it
will constitute the natiomal highway system, The state road system
in lassachusetts comprises 8 per cent of the total public road mileage.
It was the second state in the United States to criginize a state
highway department., In New Jersey, which has the oldest state hlgh—
way department, organized in 1893, the state system comprises 824
miles, or appro:xlmately 6.per cent of the tctal mileages California
has about 9 per cent in its very adequate state system; Maryland
appreximately 14 per cent in the most advanced state system in the
country; Pernsylvania about 11 per cent; Tew York 10 per cent, and .
Bhode Island 12 per cent. '

The Federal Aid Hignway Act of the United States drafted
on the basis of prcviding at least onme highway entirely across each
state—eoven the least develcped——in at least two directions, fixed -
the limit at 7 per cent of the total public road mileage, with a
provision for ultimately increasing this as develcpment should re-.
quire, In France the national roads are 5.7 per cent of the whole
mileage; in England 18.7 per cent. In the lcrg run it sppears that

« . .
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greater difficulties ultimately attend the execution of a rrogram
that is tco large, than cne that is smaller, even though the
initial designation is eventually found to te too srall, It is
always easy to meet lccal demands or national demands by adding
mileage. It is almcst a hopeless tesk tc reduce the score of a
naticndl layout cnce it has been made and published.

Actual traffic counts over large systems of highways and
emrirical analysis indicate that abcut ten per cent cof the total
public rcad mileage will care for abcut 75 rer cent of the traffic,
In scome States which are in large yart desert or mcuntainous, the.
percentage shculd no dcudt be larger, not so ruch because of purely
local requirements, but in crder that adequate comecticns may be
rade with the rcads of contiguous territory.

The wisdom of experience, common sense, expediency and rub-
lic policy therefore indicate, esrecially iax rartly developed ccun-
tries whose revenues have not yet begun to mcunt with rapidly in-
creasing wealth, that a low per cent be chosen. The seven ter cent.
adcpted in the United States may be taken as a tasis, remerbering
that there are in that. ccuntry state systems, which include from 50
to 1CO rer cent greater mileage than the Federal aid system,

Ve find that ty arrlying this factcr to the figures in the-
table above that we get a new set of figures rerresenting the actuzl
miles of highway rer square 'mile that shculd te mcluded in a
national system according to the type of area.

lliles ¢f Highway
Per Square l'iles of Arca

Highly develored manufacturing areas 0,151
Highly develocred flat agricultural ereas 0.119
Vell developed hilly agricultural areas C.0%8
Lcuntain areas - 0,049
Lesert areas : 0.021

By determining the respective areas of the several eccnomic
divisions inte which the mational territcry kas beon classificd, we
can at cnce determire the equitable road mileage .which shculd te
included in each division: This mileage will furnish the tzsis for
laying cut the national highways., It will be irpcssidle to adiere
te these figures rigerously but the clcser they are fecllcwed the
fewer relative inequities will be intrcduced into the system, Fre-
guently, esrecially in small desert areas, nct encugh mileage will
be found tc crcss the area, ond because of its lccatien it must dbe
crcssed by any adequate system of roads., In such czses tbvicusly.
scme concessicn must be- made. : -

A droad consideraticn of highway needs, the study cf hlgh-
way develorment, and the history of actual ccnstruction as disctated
ty porular opinicn, willingmess to previde funds and actual reguire-
rents to meet ever increasing traffic enatle ws to lay dcwn some
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convenlent principles to guide ws in our selection cf the nationsl
system. These principles are supported and confirmed by our economie
and traffic studies,

(1) Development c¢f local roads is fundarmental. This
postulates 2 radiating group of short roads arounmd important centers
of population. ExcCept in metropolitan areas, such as New York,
Chicago, Ste Louis, London, Faris, liarseilles and Buenos Aires, it
is seldom that more than seven such radiating roads are needed, In
ordinary large cities, like Tucuman, Nendoga, Santiago de Chile and
La Paz, five or six will serve; and in a great number cf cities
having a population up to 30,000, four will answer,

(2) The extension of lccal roads should be made in Pro-
perly chosen directions, which can be determined by the existence
of other large centers of population, Prcvision sheould be made to
carry roads through a line of lesser centers, and across highly
develcped areas, "

(3) The ultimate.joining of routes radiating from differ-
ent centers,

The method of procedure is relatively simple. With the
economic data available it is possible to designate arezs of rela-
tive importance and to locate the various cities, large tovms, and
even smaller settlements that represent the major and minor popu-
lation centers. The economic data is supported by the topographic
data in mest cases, and these two are always to be considered together,
By a study of the facts the country can be divided into areas of rela-
tive develomment and of topographic types. These areas will be desert,
mountainous, forested, cultivable or cultivated in varying degrees
and will be densely, moderately or sparsely inhabited, It is not
necessary that these divisions of the nation shall coincide with
lesser political divisions, although if the provinces or states are
set off by natural boundaries like mountain ranges, large streams,
or marked alterations in topography, then the economic divisions and
the political divisions may coincide more or less completely.

In any case we shall have a rational subdivision of the

national area into regions of economic classification, »
- »

On a national map as a werking basis, with the economic
areas platted, the work of laying cut the system may prcceed, The
layout should be diagrammatic, similar to the map of lew Jersey
shown herewith, o close attention need be given at the moment to
the existence of public roads and straight lines may be used to ccn}-
nect points which control- the laying ouwt of the rcads. The selection
should be governed by the traffic data available., The first choice
should be the most important road in the area; the other roads to be
selected should follow in degree of importance until the allowable
mileage is exhausted for the area.

The same process should be folltwed in each ¢f the other’
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economic areas. Where traffic data are available it will be found
that the system will be comnected and correlated. If traffic data
are not used and general information, the éngineer's judzmeat, or
popular cpinion is followed, it will be found in all probability

that a2t the boundarics of the contiguous eccnomic areas the rcads
sometimes do not meet, This is & condition ccmmonly found, especially
with respect to political subdivisions. It occurs between towns in
the New England States, U. S. A.y where the towm is the basic politi-
cal unit., It cccurs between counties 1n practically all the cther
states, One town or ocounty will insist that its east and viest road
is most important. An adjacent town or county on the north will
equally insist that its north and scuth road is most important., This
condition results from the strictly local point of view of the cffi-
cials and citizens, and often from inaccurate informaticn as to the
factse In all such cases correlation rmst be insisted upon. If the
existing amount of traffic requires the inclusion of the road that
does not fit as a through comection such road may te left in the
system as a radiating road from some convenient and more cr less
important center.

To visualize this process of selection a m2p cf Peru can
be used. The radiating roads, with certain rcads extended to meet
adjacent sinmilar extensions from other centers, are shown around
the cities of importance, This map does not show a corplete nation-
al system, but it illustrates a conditicn that will no doubt exist
in many countries of Central and South America.

The mileage as completed by the method here outlined provides
an adequate system of national roads, based on area requirements, for
a well developed country, It will, therefore, bs found in many cases
that this mileape is more than is needed at present to surply suf-
ficient radiating roads at all centers of population requiring trem,
and to extend these to make connections necessary at this time with
other radiating groups., In other words, places will be lacking at
which to locate a considerable balance of the mileage. To meet this
condition the values in the second table should be reduced by a further
percentage to the point where the system fits the conditions. Im this
way the original relations are maintained, and the comparative import-
ance of each economic area is recognized equitadbly and fairly.,

The reduction of mileage is the practicable and common sense
solution in a case of this kind. It results in a nationz2l system
more nearly in consonance with existing develcpment, wealth and popula-
tion. But we may make another solution if we consider that the addi-
tigns beyond such a point as that indicated on the map of Peru are
speculative and to that extent tentative, e can continue adding
selected routes until the total computed mileage for the nsotional sys-
tem is entirely absorbed. Such a system, if it correctly anticipates
future development, will be the national highway system justified and
necessary, at that future time when the national area will have developed
to a point comparable with that of Europe or with the eastern half of
the United States,
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For instance, it may Ye definitely known that a certain
area, although not now developed, is good agricultural land. There
may be a river falls, junction of two streams, lake outlet or other
point at which, on account of potential geograrric vnlue, 2 city
will probably exist at some future time. To this point, or at least
toward such point a route may be extended, and’a certain mileage
absorbed in radizting roads. A case like this is snecifically repre-
sented by the proposed establishment of Hehuel Faurf in northern
Patagonia. In the region of the Andsan Lakes in Vestern Argentiune
there ray be several points that could be tentatiively chosen and
worked into the system. This prccedure clecrly aaticivates future
develoment, and it is definitely understood that 2ll such mileage
is sudject to alteration and shifting as actunl growth and progress
demand., In the United States, espvecially in constructing forest
roads, future development is recognized; and even in the vicinity
of cities some of the main routes clearly demoustrate that where
the engineer can nroject well chosen roads, population will follow,
This samo thing exactly happened it the case cf the railroads, and
can happen again in the case of highways. But such advance
planning is not to be included in current construction programs .
until financial eonditions are sound enough to permit, and this
mileage only serves to locate tentatively the balance cf the total:
system above immediats requirements,

In studying and laying out the system a straight line,
diagrarmatic method has been reccommended. As soon as the layout
is comnleted the next step is to select the roads that such lines
of communication shall follow, There will always be trrils, wagon
roads or maybe some highway improvements éxisting when the national
plan is undertaken. In most cases there will be no difficulty in
determining what actual road or trail is to be selected as the
physical counterpart of the schematic route appecaring on the map.

In the United States, which considering their growth; wealth and
needs, were really late in undertaking a national system of high-
ways, it was found that traffic already existing between some peints
was so dense as to require two or more roads. This condition is
most unlikely in countries of younger growth. The traffic surveys,
taken on the existing roads, will always serve to show what roads
should ordinarily be folldwed where alternatives exist. There may
be necessary departure from such old roads when construction surveys
are made; but in most instances such differences will be local and
incident to the correction of alignment and grade. If, however,
little used or entirely new routes with greatly supcrior physical
charscteristics exist the engineer should give thom cercful study
at the proper time,

We can now transfer our schematic map to a rcad map of the
country, usually taking the country in sections {by provinces or
states ), end -on a larger scale, This new map will constitute tho
basec map for legislative or othor authoritative action promulgating
the national system.
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It will be desirable in some cases, even when so little as
four or five per cent of the total computed mileage is workzed into
the system, to divide the whcle plan into two gencral divisions,
such as primary and sccondary roads, This classification may be
dcne +in two commen ways. The primary roads ray be made continuous
as a kind of back bono or sikeleton for the whole body of roads,
and the socondary classification then beccomes discontinuous as a
group of appcndages to the primery system. This mcthod has been
prescribed by law in the United States with certain minor qualifi-
cations, and is cxemplificd alsc in the routes nationales of
France as compared with the routes departementales and routes
vicimaux, On the other hand the two classes may te bascd cntire-
1y on typcs of comstruction, certain higher types being classed as
primary and roads destined to be of such types in the initial ccia-
struction program arce rade primary. Others arc sccendary and cof
lower types of construction. This method produces a system cf
discontinuous primary roads as well as discontinuous sccondary routes,.

Somo students of highway cconomics prefer not to attempt any
classificztion into primarcads on a basis of importance of the
routes. They adopt a division into priority grouns, those to bo
built first, gencrally within a certain period; tiose to be built
next; and finally, 2 lest group that can be economically rostwncned.
Elsborate studics for reconstruction programs in some of the
largest and wealthicst States in the United Stztes have receantly
Peen based on this mecthod with considerable success,

As a matter of fact, tho primary and secondary classifica-
tion based on reclative importance of routes is more or less artifi-
cial, and is ontirely porfunctory so far as ths carly coanstruction
program is conccrned. It is imrossible to coafince construction te
the primary roads until these are completed, because what are important
as routes, frequently have unimportant scctions wiich must be delaycd,

Vith tho systom now planned and basc maps prepared, it is .
possible to decido on types and attempt a first period of constructicn,
The first rozd to be duilt should bo the most important section
existing in the systom, It may bo five kilometers or 100 kilomcters
in longth, but it dcmands first construction. This is the sinplc and
universal rule to follow from. the point of view of the cngincer and
cconomist. However, 1t is quite common as a matter of political cx~
pediency to make a distribution of funds by political subdivisions;
and to build for instanco the ten roads of greatest importance in
ecach of ton districts, rather than tho ton roads of greatest import-
ance in the whole country. The latter method might result in tho
construction of ten roads all in cne region goographically ruch
rostricted,

The types to be built will depend largely on traffic in the
carly yoars of doveolopment of such a mationzl cysiem as any country
in latin America is likely to have, As the systoms becoms perfected
other considerations will become of more rclative importance,
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Unfortunately, cngineering @atz zre mot yot sufficiont to
cnablo a rational choice of types on any crzct basis. Ve must
contont ourseclves with cortein broad geoneralizeticns bascd on wide
cxpericnce and rast practicc..

In general the following table will serve 2s a guide in tho
selections of types. )

Tadle

Proposed Types for Initisl Constructicn Based ¢n
Average Taily Troffic Count

0 tc 100 vehicles Earth
100 to 300 vehicles Selccted materials,
sand—-clay, top-soil, etey
300 to 500 wvchicles Grovel
50O to 1500 vehicles Surface treated gravel,

mo.cadanm, bituminous medadam,
and other intermediztc types

More than 1500 wchicles Bituminous concrecte, brick,
Portland ccment concrctc and
other pavement types,

These propesed types of construction may be showm in the
working maps for dcmonstration murposes, They will, hovever, have
to bo changed as traffic changes. It is scldom of adévantage tc
plan the actual types much ahead of the fintneial program, ror
this reason thec mothod of programming the construction will be
considercd together with the financial problems in a later papcr,

The types as sclected for the first period of construction
. may be entered on the map by appropriatc symbols or legonds and

so far as concerns the general control which is excrcised ty a
national highwey systerm over the construction program ocur first
problem is finished,
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EARTH ROAD DESIG. AxD COLSTRUCTIOCH.

—— -

Seeing that highways are taking their nlace as an integral
and more and more important element in the national transporiation
system of every couniry even the design and consiruction of earth
roads, fermerly the simplest and crudest werk of road bduilding, is
no longer to be despised. Highway construction is so costly and the
demands of traffic so insistent and so rapidly growing, that highway
designers in planning an earth road mmst at once solve some of the
rost advanced problems in highway engineering.

Yhen the State of Massachusetts, one of the Tirst in the

United States to have a state highway system and a highway commission,
undertook syptematic Lighway construction in 1896, the work was dcne

tc meet the traffic then existing, The Massachusetts system was in-
expensive to ccmstiruct, when compared with current estimates. A few
thcusand dollars per mile served to nrovide adequate roads for that
day. As traffic increased, and as it finally changed =bout 1906 to
1910, Massachusetts and other States, and likewise cther nations like
England and France, added t» their orizginsdeinvestment by making bet--
terments and improving surfaces, The capital costs of such roads
have been distridbuted over a generation. .,

The state cr nation that vegins to build roads today finds
itself confronted with a new and heavier type of traffic, ‘differently
propelled, applying different forces to the road surface and requiring
conditions of economical operation not al all dissimilar to railways.
Then we built e2long the line of least resistance to orizinal ccnstruc-~
tion, Now we pmust build along lines that will insure the least main-

tenance and cperating charges.

It is a fact, however, that the countries of Latin America
have a better opnortunity to distribute their costs over a period of
years much longer than ray one of the United States, liko Arkansas
or Montana, theat hegins in thess days systematic road building under
state direction, In Latin American there is neow, and probavly there
will be for many years, a considerable portion of steel tired and
horse-drawn vehicles among the tctal traffic. Conséquently, there
will be some opportunity to build pregressively, such as rarely ex-
ist{s in the Uanited States today.

it may not be finanecially possible nor econaniczlly justi~
fiable to construct high type surfaces, such as sheet asphalt, brick,
or concrete, vhen some roads are laid out end greded, ond there will
be no prescnt or immediate dcmand for such types., They may be nposti-~
poned in many sections for a longer or shorter period, depending on
the growth and »rosperity cf the region; but costs today arc so high
that i% is imperative tkat nothirg be constructed aloag incorrect or

unscuidd lines, , » .

A
Y'e must keep before us the »rinciple that while the rocad

building may be made progressive, each advaace being mcde to meet in—
creasingly hecvy demands, it must be so prosecuted =t every step that
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all that has gone before shall be salvaged in the new work no ma.tter
how long that work may be postponed. A highway may be graded and
drained to meet the needs of a small rural traffic; surfaced first

as a gravel road; then topped with.a course of bituminous macadam;
scarified, prepared as a base and surfaced with some type of mixed
bituminous concrete; and finally reconditioned as a duplex road with
two concrete sections having a bituminous center, or as a heavy pave—
ment with bituminous shoulders. But each step must be so ordered as
to make it develop as much as possible of the value remaining in the
preceding one. In this way and in this way only can a highway system
be economically handled under the tremendous and increasing demand of
modern traffic,

Earth rcad building, therefore, involves much more than mere
grading and the installetion of needed drainage structures. Every
detail of alignment and gradient must be studied and adjusted just
as if the surface were to be of the most expensive type. Where the
possibility of alternate locations exist both must be investigated
to determine the one ultimately the most economical,

The genersl highway plan already described in a previous
article may be assumed to exist and certain sections to be so located
and conditioned that it is decided. that they are first to be graded
and drained. This may be done for two purposes: An.eerth road may
be entirely adequate for the small amount of light agricultural
traffic using that particular piece of road. The total nurber of
vehicles may not exceed, for instance, one hundred per day and
there may be no heavy trucks or other heavy vehicles likely to use
the road except under favorable conditions, as in dry weather. It is
to be noted in passing that an earth road in good condition and under
favorable weather conditions will carry practically any weight of
traffic in small quantities, provided the tire width of vehicle is
controlled. On such roads the limiting feature is rather the number
of vehicles than their weight. Of course, such & surface will not
stand up in wet weather,

Also we may have to construct an earth road where the traf-
fic is s0 heavy thet an earth road will not be adequate, where the
daily traffic may be several hundred vehicles including many heavy
ones, because the topography may be such a3 to require considerable
deep filling. It would not be good practice to place an expensive sur-
face on such fills, especielly.if rigid types of surface involving
either concrete base or pavement are projected. In such cases it
will be necessary to grade and drain and let the earth embunkment
settle for at least one round of seasons. During this time the road
must be opened to accommodate the traffic, and during such time it
must be used and mainteined essentially as an earth road.

The determination of location is the first problem in earth
road construction. The general highway plan will indicate the general
route, but there may still exist a choice of alternate locations for
actual construction alignmemt. The study of alternate routes solves .
this detail and the solution should be one that can’ stand for all time.
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The decision will often be determined by the existence of certain
controlling features. There may be several settlements that demand
local service, an irrigated area may lie so that it must be served by
the proposed improvement. A gap in the hills may decide the question
in favor of one. route as against the other. These are general con-
siderations and often may be settled by established policies as well
as by strictly engineering principles and the law of least resistance.

For instance, we must recognize '1_:11e princinle that the highway
is first of all for local service. Because long after the country
has reached a high condition of development, local traffic will ~
constitute 75 to 90 per cent of the traffic flowing on the road.

It is generally the fact that more than one line can be run and .
each will be equally satisfactory from the technical point of view
though costs may vary. It is a sound policy, when considering
existing local settlements, to deviate from a direct line in order
to give such points adequate highway service, provided onmly thet
distance is the only technical feature involved. We are justified
always in the early days of highway plamning in accommodating as
many locel centers as possible, even at added cost. Bubt in all such
cases, the location secured should, except in length, be eguivalent
to the best obtainable. No added curvature or increased gradient,
no unfavorable soil conditions, nor excessive unnecessary drainage
should be accepted in order to accommodate unimportant smell centers
of population. For such purpose spur roals should be used, The map
of Iowa, U. S. A, published last month in the first article of this
series shows a large number of such spur roads built to give shall
centers contact with the improved highway syster.

In actually determining the final line, consideration should
be given to the ultimate requirements of the route, so far as they
can be foreseen, and not merely to the present traffic conditions,

The specifications for the location survey should determine the
meximum gredient, minirmm radius of curvature, minimum tangents, and
any other elenents that require d¢cision at this point in the work,
Just as though the highest type of pavement were under consideration,

The maxirum allowable grade is often set at 6, sometimes at
5 per cent, But it is truer economy and better desizgn to adopt a
less rigid policye. It is true that for horgse-~drawn vehicles a 6 per
cent grade long had strong support among designers, but the future .
vehicle is to be motor driven, and as we are now designing for the
future as well as for the present we should consider the motor
vehicle as controlling and not the horse. Consequently, we can use
grades up to 9 per cent, provided they are short and properly placed,

A gradient of 9.0 per cent, not over 1000 _‘fée.t long, can be
climbed by a motor vehicle in second gear without difficulty and
the average sutomobile operating in high gear can travel unintere-
ruptedly on the following grades: ‘
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Longth of Cradient Per Cent cf Gredient
Feet

1,000 5
800 5
600 .6
400 : 7
200 ‘ 11

In the above table it is assumea that the apprcach tc the
grade is at a speed of 25 miles per hour, and the final speed at the
top is mot less tihan 15 miles; and the tractive resistance assuned
is that for natural earth in good comndition,

In the matter of curvature, cur views likewise mct be scme=-
what revised, Curves cf 80 to 100 feet radius shculd not be tolerated
as they have been until recently. Not less than 250 feet radius should
be constructed, and in flat and easy topograpliy a minizmm of 500 feet
should be made ithe regular policy, and 1,000 feet secured where pessible,

Our fundamental principle of sazlvaging old road values rmst be
recalled at this point, Ve can salvage a partly graced rrofile, but we
can not salvege an abandoned alignuent. Consequently, we must resist
the tendency to introduce pcor alignient, sharp turns and curves and
short tangents, when it is impelled cnly because of pronosed low type
surfacing., It is just as immortant to adhere tc en aljrnment of first

- quality for a graded earth road as it is for an expensive type c¢f pave-
ment,

In selecting eurves, therefore, the policy of the engineer
should be altogether coantrolled by the ultimate i'equirenents, It will
be desirable ultimately to intrcduce such refirements as ecsement curves,
widening on curves, and compensation ¢f grades for curvatuire; and the
engineer respousible will be able to determine to whet extent these mst
be introdvced in the original werk in order to avoid losses in future
reconstrueticn, ‘he cecision will depend largely on tihe width to which
the roadway is at first to be graded, and the radius of curvature in
each case, It will cften be pcssible to salvage £1l or necrly all of
a pgrade if simple curves are used criginclly and casement curves and
widening introduced simmltaneously at a later date, The difference
between the external of simnle circular curves and the external of the
same curve with an easement spiral intrcduced is somevhat less then 2,0
feet for extremcly shorp curves and less tuan that for curves cof less
degree, so that little is lost if simple curves are first duilt in and

“later cesed. By skillful adjustment cf the center line practically all
loss of grade can be avoided,

The width of the original grading nced not be that of sore
Tuture high-class improvement, The grade can always be widened without
sorious lcss of work donc. The actual width of first construaction will
depend on the traffic existing and conterplated, but it should bo noted
thut it is gencrally cesier to maintoin a tvo-lanc earth rcad thzn a one-
lane road, becuuse of less concentration of traffic,
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. Each troffic lanc of & bard-sirfaced road should be. 10 £t
wide, The graded width shculd be wedo depcndent on this figures The
width of shoulders should not be .lcss than fcur fect, and wherc safoty
demands should be wider, Acccrdingly, if we aro ccntemplating at first
a single~lanc rcod, the mimmm width in £ill should bu 18 feet (6 K.)
and in cut, 22 fcet (7 M.). For a propcsed two-lanc road these dimen—
sions should be respectivcly 28 feet {9 M.) and 32 fect (10 M.).

The cross scction will vary according to the naturc of the
tcpography. In prairie regions, in the level pampas and across deserts,
a rclativcly low grade should be used, but rcnerally the eatire road
should be in fill, If the rainfall is much above 2% inches per yezr,
the surface of the grade.should bc about 18 inchres above the probable
level of water in the ditches, In hilly snd mountainous regions, cut
and fill scetions, similar to railrcad work, should bc used. It is not
cconomical to adhcre to onc uniform cross section, and thcre should be
no hesitation en the pert of the cngincer in changing his cross section
design to secure the greatest eccnomy in esrthwork, The width betveen
shoulder lines is the detcil that olone need be uaiform.

On the assumptions made herein we shall often find thattthe
ccat of greding clone is excessive, and not justificble by existing
demrnds of troffic. To meet this condition it is only necessary to
lay a new graode line on temporary assumptions as to maximum gradient.
Ve may reduce cuts, nnd correspondingly reduce fills tc bring the quon-
tities moved down to what is a reasoncble estimcte from the point of
view of present funds, Notc thot in generzl no veriation is to be made
in alignment, This is for the reascn mentioned above., 7The partly.
graded profile is not lost, but the sbandcmed line is, Later, when a
surface is to be placed, and therefore final plOflle must e used, the
cuts can be deepened ard videned, the fills raised, ard the nroflle cen-
erally adjusted to its final line.

At the same time that a road is graded, it is generally con-
sidered eccnomy to install permapnent drainage features. This fact
applies especially to culverts and bridges vhich, unless delibverately
built as temporary structures, will normelly have a life long enough
to reach the time when the road will require Seraclng and weybe eren
recenstruction, If long lived structures are to be built, certainly
they should be on finel linc and grade. With respect te culverts, this
holds as well as for tridges of larger span and greater cost. Eut it
does not hold with respect to subdrainage, It is not nececsary that
the so-called French drains, tile drains, blind drains, ete., be in-
stalled at the time an esrth road is graded. It may be desirable ‘o
introduce these features, but like V-drains, Telford base, and other
sub-base features nothing is actuslly los$ by postponiag these details
" to a time when e surfuce is to be laid, They shovld not, howcver, be
postponed beyond that time,

The ultimatc use of subdrainzge and sub-bascs will depsond
largely on the kind of aatural soll ex1st1ng in ti.e subgrade, Also
the treatment of tre finished carth rcad should Cercad to no small de=-
gree cn this same detsil, Even if traffic is net in excess of 100 veui-
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oles and nothing better than a eommon ¢arth road is required, novor-
theless, the engincer is often justified in doing scmething btetter if
it can bo done at little or no greater cost. “hen the grading opera-
tions are going on, thore will frequently be discloscd certain types
of soli)}, such as disintegrated rock, indurated sand, plain s2nd, and
even loam that are far superior to clays and heavy looms as a surface
for.traffic, When such materials are found they should be so handled,
if at all possible, &s to bring them into the top layer of all fills,
end if it can be done. cuts should be surfaced with the same selected
materials,

. This handling of the excavation and the devcsiticn of material
in fill to secure the best results will require careful plaming and
almost constant attention on the part of tho cugineer in charge.
Unfortunntely, no general plan can usually be made in advance beccuso
the soil conditions below the visible surface are not casily or
cheaply ascertainable. But as good material is cxrosecd during tho
progress of the work, the handling methods should be so planncd &s to
utilizo these materials to the best advantage at the surface of the
graded road.

The usual simple appliances and gencral mecthods of handling
ordinary earthwork necd not be discussed. OC(nly onc point necd be
.emphasized, and that is that grading over long distances should when
possible be so balanced, a2t tho time tho prefile is werlred out and
quantities computed, that the work of grading may be done with the
simplest possible outfit and equipment, The work should bo.plenned to
involve generally an cccnomical wagon haul, wheeler, or slip houl,
as tho case may require. But combinations of such cquirmont within
short distances should bo avoided, This adjustment presents o nice
rroblem for the engincer, but it simplifies tho equiyment nceded to
do the jeb, tends to reduce costs, and crecotes work adapted to the
capabilities of small as well as of largo contractors,

The usefulness of an earth rocd is depondent cntirely on its
adequate maintenance., Its detorioration is so rapid under unfavorabtle
conditions of weather that not only is traffic seriously hompcred by
neglect of prorer maintcnance, but loss of investment is ropid bechuse
of weathoring of tho slopos, distortion of the surface by rutting, and
washing away of shoulders., Tho problem of maintaining earth roads,
therefore, should be constantly dbefore the cnginocer rcspoasidle,

The simplest, checapest and best implement for geueral certh
road maintenance is o drag, and a common wooden drag has ncvor been
sunpassed on narrow roads for quality of rosults produced. The old
fashioned spllt log drag used in the early days of carth rond improve-
mont in the United States was composed esscntially ¢f o log split into
halvos, these turned so that the split surfaces foced the same woy,
and cross bars introduced to hold the two half logs in tho preper
rolative position, But this primitive implemont has given awey to
larger and heavier equipment moro suited to ropid werk end adapted to
use bchind motor trucks, In either case, tho action is the samc,
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The drag is drawn elong the road while the surface is damp
after rain, In this condition, the ridges and ruts that may have been
formed by passing vehicles while the road was wet and soft are smocthed
away or filled with crumbled earth., Veter lying in depressions on the
surface is splashed out over a large area and exposed to more rapid
evaporation, and the prccess at once quickens the drying oub of tae
earth and insures its being smooth and in proper form as it hardens.
Dragging should not be done in dry weather or when the road is dusty,
as the work tends at such times to aggravate the dusty condition.

Steel drags have been designed to covex praciically the entire
width of an earth road at one operation and these produce good results
if they can be operated at times when the road is practicsliy clear of
all traffic, Otherwise, drags covering one-half the road width are
‘most precticable and satisfactory. It is mecessary o use two and some-
times three drags in combination to cover a wide rosd., lost modern
drags are adjustablé so they can be made to cut little or much, and
brush the loosened material toward the center or toward the shoulders
of the road as desired., Usually all material should be dragged toward
the center, Should this overbalance the natural tendency of the material
to drift and wash toward the shoulders and result in increasing the crown
of the road excessively, the drag should be reversed in operation so as '
to brush the loosened material outward toward the shoulders,

Generally speaking, the maintenance of an earth road surface is
accomplished by adequate dragging, No other work is required so long as
the road is not permitted actually to lose its proper cross section,

Some distortion of form will, however, be almost unavoidsble, and in

such cases, a blade-grading machine is needed in order to cut the surface
more deeply and brush the necessary material to one side or the other to
reshape the crowm and true the cross séction, This kind of equipment,
like the drags, may be combined so as to cover the entire width of road
at one operation by using three blade graders, A single blade grader
may be used, however, end equally good results be secured,

Roth drags and blade graders may be drawn by animals or by
motor trucks, The amount of mileage under maintenance and the organiza-
tion of the working force will largely influence the tyne cnd weignt of

equipment, )

The action of the drags is to smear and to close the more or less
Plastic earth surface, squeezing out free water and inducing rapid evapor=-
ation and hardening of the earth. This must e done soon after razins and
when the roads are still moist, Usually tiue Jday after the rain stops is
a good time to begin dragging unless the rain has been a long one. The
best time can easily be determined by inspection. The ‘eclor of the soil
will begin to change and to become slightly lighter, When this change is
noticed it is time to drag, To do the work in a single day, enough drags
mst be provided to cover the total mileage at the rate of 20 to 25 miles
to each motor truck outfik, and from 5 to 10 miles te cach animal drawn
outfit, The smaller drags should be given short hauls and the heavy

equipment the longer ones,. :
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In the days when & large mileage of earth road was maintained
with small drag equipment, it was successfully done by employing on
parf‘time the farriers along the rcad. The same practice might be
successfully worked out in many places, ZPlantation:'and ranch ovners
could be induced to become responsible for the dragging, and their eme

ployees could acitually do the work,

Tarth road work is simple, but it demands persistence %o be
mede effective, There sre still in agricultural regions of the United
States, where the scil 1s not much superior in stability to that of
the pampas of the Argentine, some roads that are kxept in remarlkably
good condition except during rainfall and immediately afterward, The
efficiency with which earth road maintenance is done vwill do much to
influence the attitude of public opinicn toward highway improvcment and
very considerably influence the increase of motor car registration,
These in turn may be depended upon t& creatc a denand for a greater
mileage of road of a constantily improving type. This eycle of action
and reaction is responcible for the great era of road building that
every progressive nation. Taces ¢oday,. . .
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GRAVEL AND OTHFR LIGF™ ROAD SURFACES

-

) It will e found *hat a large mileage of any hichway system
requires sore form of surface at the time of initial planning, Other
sections originally constructed as earth roads will eventuelly teve
to bs surfaced, Iuch of this milease, rrotably upwrrde of 80 per cent,
will be satisfied with surfaces of gravel, sand-clay, top-soil. or var-
iations of these types, In &eneral, all roads carrying an average traf-
fic of from 100 to 5C0 vehicles per day will come within -this group of
roads of light surface, '

Wether the first construction involves the placing of a sur~
face or not, the defails of grading, including all ihe consideratiors
of alignment, gradient, curvature, ete,, will be token care cf as dese
cribed in the preceding article on earth roads, Thais peaaer will re-
view the materials and cperations used in the consiriction and mcine
tenance of the large group of surfaces consisting of eravel oad sinilar
materials. If, for reasoas of economy, the grading was nct entirely
completed at the time of original construction as an ecrth road, the
road should be brought to proper profile before surfacing. Otherwise,
surfacing placed on such a grade will latcr have to be discarded if

the grade is changed,

Assuming that traffic gradually increases and thst each suc~
cessive betterment of the common earth road can be progressively used
for a few years, the first advance that should be made is the treat-
ment of the natural earth with some material that will increase the
stability of the soil., All such work certainly will meet our economic
requirement that it be subject to salvage as the betterments are suc=

cessively added,

The btest and usually the most available material for the first
treatment of an earth road is sand of fine gravel, Suiteble moterial
can usvally be identified by an engineer without the use of specifica-
tions or teating sieves, and specifications need be resorted to only
when matsrials are beirz purchased from come preducing plant, or fur-
nished by a contractor, when it will bec ome nccessary to have some
measure of quality tq proteei the buyer. In general, auy gocd clean
sand will serve, but the coarser and cleancr the materiel the btetter,
It is nonecessary at this stage -of construction to distimgish between
sand and fine gravel, They run into each other, Usually =211 naterial
may be classified as sand thet passes a cuarter inch mech and all mater-
ial gravel that is retzired cn that mesh, ard a scticfactory material
may have not more tkan 20 per .cent retained on a cne-guurter ircii mesh
and all passing a three-quarter inch mesh, The comen sources of mat-
erigl are river and streem valleys, vhere sand and smsll gravel bars
ere cormon, Often the material is dredged from ihe river and washed
in the process of &racging, Sometimus the baunks ere cipcsed at stages
of low weter ard the materiel can be dug end leadcd éirectly into carts

or trucks,



There are regions, however, like the northern pampas of the
Argentine where raterial of this kind is scarce and costly, but south
of Rio Negro, in Patagounia, it 1s plentiful end will furrish a satis=
factory material for treating an almost unlimited mileage of roads.

\

The simplest method of treating an earth roed that shows evi=-
dente of too costly maintenance and unsatisfactory service, is to haul
sand and deposit it in a line, called a windrow, slong one side of the
road, A blade grading machine 1is used to brush a small quantity of
aand over the entire surface, if possible after a period of light rain,
The ssnd will work into the so0il and when the road drics the surface
will be harder and firmer tlian natural eerth, and in wet weather it
will be less absorbent of moisture., An cordirary heavy loan road will
require at least two inches of sand and if the naturc of the soil is
such that the two inches of sand are taken up entirely in & single sea=
son or less, additional sand should be dumped into the windrow and spreed
until the natural soil refuses to retain any Lore,

Hundreds of miles of earth road are being sznded in this way in
the United States and the method is very satisfactory, even on heavy
black prairie loams, provided the rainfell does not exceed about 22 inches

per year,

This simplest of processes is not so satisfactory where rainfall
is excessive nor does it serve where the natural soil is itself composed
lorgely of sand or sandy material, To meet these conditions at a relative=
1y low cost the first step in the betterment of & graded earth road may te
the placing of top~soil or sand-clay surface, Sand-clay is either an ar-
tificial or a natural nixture of the two materials nemcd, in such propor-
tion that in dry weather it will not crack by Bhrinkage and in we* weather
will not slake, or at least will not slake rapidly. It is a mixture close-
ly epproximating that required for ordinary burned building brick, with

perhaps slightly more sand,

If the natural earth contains much clay the sand nay be spread-as
described above, or hauled and spread directly from caeris or wegons, After
spreading about three or four inches of sand, the entire road should be
plowed about eight inches deep, harrowed thoroughly, and then shaped to
proper crcss-section with a blade grading machine, The crowa of the road
may be reduced slightly telow thet indicated for a plain carth road, and
made approximately threse-quartcrs of an inmch per foot.

If the natural soil is sandy and the road is unsrtisractory be-
cause of ruis formed in dry weather, or if the material is practically all
aand, thon the treatment consists in adding clay to couplete the sand-clay
mixture, The finishing process ie the same as in the first cese,

When the subgrade contains little or no plastic material like
clay and yet is not sandy tut is rather a loam or silt, it mey heconme
necessary to add both send and clay to produce the necessary mixture. In
such cases the material may be used to advantage when found in its natural
state, It occurs generally in two natural forme; in geological strata cone



taining often sufficient iron oxide to make it a very serviceeble moterial,
in which case it may usvally be identified by its deep red color; and also
as top-soil, a mixture of sand and clay in which tue Lichly mlestic materinl
has been altered by aeration, It is ‘o be found on the surface where a
relatively high state of cultivation of a sandy loam has existed and also
occurs naturally where a sandy loam soil has been thorousldy leached and
aerated, but remains uncultivated, Naitural red sand-clars nay be found
extensively tliroughout a large area north of the Lo Plata in Uruguay and

in southern Brazil, Therever they exist they may bve economically used

in the early stages of road surfacing,

Some attempts have been made to estsblish a test for o good sand-

‘clay, but most of tlem are so elaborate that they are herdly worth while,

The best vay to test it is to try it out on the rozd for a short diatance.
An engineer observing its action is use will soon be ablc to judge a good
material,

The maintenance of a sand-clay or top-soil road, as also of a
sanded road, is practically identicel with the maintcmance of an ordinary
earth road, The only essential difference is that the former will some-
times require the addition of sand to keep them in good condition. Under
weather and traffic such surfaces lose send and this mmet sometiiies be re-

placed if the loss is excessive,

Instead of using sand-clay or top-soil to surface an earth road,
it may be advisable to use gravel or some other matcrial of a more durable
character, Some of those used are marl; caliche, a soft pondery limestone
that sets hard efter being wet and compacted; col1t1c limestone, such as
coral formations; bank gravel containing clay binder and sand; river zraw-
vel, almost frce of clay chert; novaculite; scoriaj; low grade iron orej;

etc.

The available marls represent a rather wide range of materials,
The common shell marl'is useful; caliche, which is found in Tezes, Arie-
zona, and New Mexico, and is like the tepi-tate of the Mexican nlateau,
is excellent, It is similar to the tosca rock ihat exists in the pawpas
in scattered locetions. It is a material that should be carefully pres—
pected. If it can be found in sufficiently well distributed deposits omn
the pampas, it will furnish an excellent scurce of raterial for bnilding
a rozd surface that will accomcdote traffic for a lengthy period,

Any of tliese merl-like materials are subject to nse in the seme
way. Care must be talen to keep them unmixed with eart: ov sand asg they
act much betier in a relatively pure state. The valurble elcuent in 8ll
of them i3 the cervonate of lime tlet acts as a cemeatlug wrterial, Tuaey
should be placed on the road so as to produce a corpacted thiclmesns of
about 8 inches, The clieapest method is to spreed the material entircly
acros3s thne desired width of roadway at the needed depth and thea feather
or taper the edte to approximately an inck in thickaesss, Thiz gives soue
additional widti and makcs it possible to mnintain the uurface cueaply

witk a blade grader,
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roll a road of marl or soft
If 2 roller is used, plenty
the surface so that the bond-

It is usually worth the cost to
limestone, although it is not necessary.

of water should also be used to sprinkle
ing value of the lime will be developed. A blade crader can be used

to s ape the surface before, during, and even after rolling, and the .
surface may be finished to a remarkably true and uniform section,

In spite of all care in construction, however, such roeds will suffer
seriously by abrasion if traffic is relatively heavy and will become
intolerably dusty in dry weather, They can, however, be successfully
treated for these difficulties by methods to be described in another

paper,

All the marl and similar materials ar:s amorphous in charactery
and readily ccment together if moisture is present in sufficient quan-
tity. If the surface is kept smooth and true by frequent use of a
blade grading machine, and if material is added wherever local weak-
nesses develop in *he surface, roads of this kind cen be kept in sat-
isfactory condition for several yeesrs, They cannot be well maintained
with light drags and require a heavy grading machinc, operated with
someé degree of skill, They should always be batched when necessary
with the same material of which they were built,

Better than the marls are the great varleties of gravel that
can be used successfully in surfacing a road. There are almost no
limitations as to quality of gravel to be used in such work, Fels-
pathic, granitic, quartz, mnd calcareous gravels are all good, and as
to size, practically eny gravel source can be developed and handled
so as to produce usable material, The harder and tcugher the gravel
particles the more durable the surface will be, and the best possible
gravel road will require careful control of material with respect. to
its durability, size, grading, and content of binder, But ideas
regarding gravel road construction have changed greatly in recent
years, and if gravel is cheap and plentiful it may be used witnout
mich regard to the quality of its constituent mineral, The only exe-
ception is that generzlly a shale gravel is to be avoided because it
breaks down into clay so rapidly.

Gravel should contain between 15 and 20 per cent of clay as
a binder, but no hard and fast rule can bc set, Some fine gravels
having much less clay are entirely satisfactory. More clay may safely
be present also if there is a high por cent of cdarsc sand, The rcxi-
mum size of pebble should not be greater than two inches, and generally
a smaller maximum gives better results, Some engineers are speeifying
as Jow a maxirum as one inch, It will be found that in semi-arid or
arid regions the smaller the gravel thc better it will bond,

When gravel is specified &s large as a two-ineh moximmum it
is desirable to iansure that it be well graded, and for that reason
some control of the intermediate sizes is provided by requiring that
ot more that 75 nor less than 55 per cent of the material shiall pass
t 1-1/4 inch mesh, or not mcre than 6O nor less thaut 45 per cent shall
ass & one inch mesh, The control size is ebout at the middle range



- 25 =

" of the gravel, and should not depart riore than ten or fifteen per
cent in either direction from a straight line grading., It is sometimes
required that not less than 60 or even 75 per cent of the material de-
livered shall be retained on a one-~quarter inch sereen, This fraction
is then classified as gravel; that part passing the screen is sand.

With the increasing practice of using generally finer mater-
ial and reducing the maximum size, it becomes less necessary to have
intermediate control and more important that the clay content be not
excessive, The best test of a satisfactory gravel is that of service,
and the refinements of specifications for surfacing gravel are gener-
ally for the sole purpose of securing a gravel approximotely like some

especially successful kind,

. Gravel banks are the result of depositions and consequently

e satisfactory material can usually be found, but if the bank has %oo
large an amount of stone sbove two inches in size, it may be desir-
able to crush it and so use the entire product, In may cuse the large
pebbles would have to be screened out of the surface course, and if
hardled this much it adds 1ittle to the cost to erush and save the
material, If this method is too costly, then a two-course road sur=-
face may be laid ard the large gravel cen be used in the hottom course,
This method@ is much less in favor than it used to bes

Ordinarily the gravel road will be built on the graded earth,
or possibly on an old sand-clay or. top soil road., 4 graded earth rcad
should be dragged or bladed until the top is practically flat, with &8
crown of not'over one-quarter inch per foot. A layer of 3 to 6 inches
of gravel may be apread evenly over the surface ‘directly from trucks
or wagons, or the gravel may be dumped in a windrow alongz one side and
brushed over the surface with a blade grading machine, The tl:ickness
of the course of gravel will depend on the kind of material, the con-
dition of the subgrade and the climate, A good sand—clay gravel con=
taining plenty of coarse sand and a relatively Ligil per cent of clay
may be spread full 6 inches thick., It will sompact with its natural
moisture or with a very little rain. On tie other hand & sandy gra-
vel, fine and containing little clay can not be advantageously spread
deeper than two or three inches at a time, All of the gravel so laid
should be spread over the entire width of the eerth grade, so thau
vwhen maintained with a blade grader no earth from the shoulders will

be mixed with the gravel,

If the gravel surface is to be built over sand-clay surface,
it will be vetter to place thé gravel in a windrov and spresd 1t ovexr
the sand-clay only when the latter is wet or softened ov rain,

It is seldom e"onomlcal, and except in case of a two=coursc
gravel road, it is not espeeially cesirable to roll a gravel surface,
Traffic can be depended upon to compact the suirface provided the mat-
erial is kept well shaped and irue by frequent and tirely use of a
grading machine, If large sized gravel is to be uce¢, however, and a
two-coursé surface built, the first or bottom course way bde rolled with

advantage,
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In such a design, it is désirable to require trench construc-~
tion, as it is called, for the lower course, This method of building
requires that the shoulders be built up to a thickmess about equal to
that, of the lower course of gravel vhen spread loosely over the subgrades
Both gravel and shoulders are then rolled at the same tiwe, the first pas-
sage of the roller being mede so that one reer wheel will lsp the junction
of the earth shoulder and the gravel base, In this way coarse grevel up
to 3 inches in size may be used, but if the climatic conditions are such
as to produce much ground frost, it is likely that in course of time the
iarger pieces of gravel will work upvards and may even come through the
top layer of surfacing and give trouble because ol their large size,

Vhen the base course has been thoroughly compacted, tae top
course or wearing surface should be spread over the entire widih of the
road, including both shoulders and base., TFor this layer only fine gra-
vel should be used, including particles up to one inch in size. Tais
may or may not be rolled; because here again we have the same conditions
as in a one~course surfzce and traffic may be derended upon to compact
it if a blade grader is kept at hand and the surface is maintained in-a

smooth, uniform condition as it gradually compactise.

From the gbove it is seen that a gravel road mzy be constiructed
more satisfactorily if gradually built then if built as a single opera=-
tion, The first gravel spread will to some externt be incorporated into
the subgrade until the mixture is stabilized, and the =mount of clay,
loam or other binding material present is just enough to form a mixture
that will have a minimum of voids and consequently will be least absorb-
ent of water and least likely to disintegrate in dry westher, When nearly
all of the first applicstion of gravel surfacing, whether it be a top
course or a single course, has become compacted, additional gravel should
be zpread so as to produce a layer of loose material about one ineck thick
over the entire width of the road. This covering of fine locse gravel
appears to serve a variety of purposes and is now sought and often pro=-
vided with much care by the best road builders, It prevents shrasion
of the compacted gravel, furnishes en absorbent material for rain, ine
duces a more uniform weer on the road surface, prevents the formation of
small holes, and furnishes a constant supply of excess material to f£ill
any ruts, holes or local depressions that may occur, including the char-
acteristic ridges, or washboard effect, produced by heavy traffic,

The method of mointaining a gravel road that is most effective
is first to keep the cover material present in correct quantity, viz.,
about one inch thick, Thais will be brushked gradually to the sides and
center by traffic, leaving bare strips where the wheels customarily pass,
It should be maintained by using the grading machine as frequently as
needed to respread it, or to add to it by bringing upon the surface more
gravel from the side, On hecavily traveled gravel roads there should be
kept along the sides or at least along one side a windrow of new materisl.,
This can in the course of maintencnce be worked back and forth across the
road, leaving each time as ruch material as may be necessary to rmaintain
the cover and fill all depressioas that form.



If a gravel surface because of insufficient or improper care,
becomes rough and irregular so that the use of ike blading machine will
not quickly corrcct its condition, it is asdvisable to scarify the entire
surface, except the cxtreme shoulders, to a depth of about 2 inckes, move
all the loose natcrial to one side, and then gradually respread it agzin
so that traffic may again compect it as in the case of original construc-
tion.

Finally, gravel roads mey be naintained with bituminous surface
treatments, and this method will be deseribed in a leter psper in coanec~
tion with similar t¢reatments on watcrbound macadem,.
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WATER BOUND MACADAY AND BRCEEN STORE ROADS

. The water bound macadam introduces us for the first time
to a type of surface that is the result of & conscious cffort

to find a solution for a specific difficulty in road btuilding.
It was the begiming of the modern rcad. IMacAdams' problem

was to prevent a surfzce compoced of rock fragments from disin-
tegrating., He discovered the effect of the cementing value of
stone dust, and reasoned that sufficiently neavy traffic would
provide enough such dust as the cffoet of ebrasion to kcep a
brcken stonc road constantly supplied with its necessary bonding
material, liacAdam was right; but trsffic hag changed - in nany
places, and wo are confronted with the limitations of the water
bound macadam type, and must use means of converting it into
somé thing more suitable for motor traffic,

In some countries it will bo many years before horse-drawn
traffic will &vindle to the low place it holds in the United States.
In France the macadam tvpo is £till en adequate surface for a
-great part of the nationzl road system, In Spain and Portugal no
other type has ever been built until vary recently. But where
motor traffic does exist in considerzble quantity water bound
macadam no longer serves as an economical surfaco and musb be
modified to meet tho new conditions. -

" It will bo useful, horever, to follow through the construc—
tion of water bound macadam and 2 simpler fom of crushed rodc
surface, and usc them as an introduction to bituminous surfaces.
This is tho historiczl and logical order.

A vater bound macadam surface is composed of crushed rock,
and depends for its stability as a surface on the intorlociting
of the stone particles and.the weakly cemontitious propertiocs cf
rock powders, It is a type that can probably be used for meny
years in large parts of latin America because of the sbundant ,
supply of rock and the large proportion of animal drawm vchicles.
It will be a valuable type where gravel is not availcble, ond the
possibilities of salveging it are so gnod that it may wcll be
resorted to for many years as the princiral type of pavement for
general usc in most of tho South Americen Republics.  The limit
of its economical usc will dopend on motor traffic, In 1210 tho
automobile registraticn iu Massachusetts was 31,360, 3y that time
there were approximately 37 cars per mile of state road in tic State,
and the proportion of horsc-dravm to motor propelled-vehicles was
62 to 38, By that doto the scricusly destructive effect of moter
driven traffic had bceccome clearly recognized on Massachusctts roads,
which had been construgcted largely of water bound mocadam, The
same general limits may be assumed as applying in Scuth Amorica,

Tho first valuable tests devised for road materisls hed
roeference to macadam, and of these the tests for hardness and
cement ing value are the most important, It is a fact that in the
United Statcs we today give less weight to resistance tc atrosion
and more to cementing value. This is so because proctically all
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water bound macadam there is soon altercd to some simple form of
bitwninous surface. This samg course may no doudbt be follewed %0
some cxtent in Iatin Americe, especislly in the vicinity of larse
cities,

Vhere, then, it is still sdvisable to btuild a macadam road
any sound stone may be used but it should preferebly bo a stone of
considerable toughness, and have a cementing veluc as determined by
the Poee Impact Test of not less than 50, Thae teughness as teosted
in tho Page Imnoct machine should if possible be Irom 8 to 10, and
the French coefficient of wear abeut 7, but in Florida, U. S. 4.,
successful macadam rozds for light traffic have beca emnstructed of
soft limestone hoving a French cocfficient 2s low as 2.5. Tacn
motor traffic increases those surfaces n2d to bo protected but they
served for nany yoars.

The rock should preferably be a trop rocl: or limestone. .
These unquestionably givo the best results for water bound macadam,
The rock should be quarried and crushed to small particles, and
_ screened into 3 or 4 sizess Three sizes will ordinarily scrve,
‘The mexirum size of stone for use in the bottom course of macadam
depends on its toughness. A soft stone, casily broken, should start
with lerger fragmonts than a2 hard, tough rock, The second or wearing
course should be of smaller sizo 2nd finally thero should be a third
scparation consisting of all stono chips and dust carbined. These
may be separatod and considerod as third and fourth sizes. The
following table expresscs the grading that is usually sought and
indicatos the extremes for a hard trap 'md a soft llmestone.

Table I.

Sizes of Crushed Stone for Uater Bound Macodam

Inches

: R | :
Stone for Base; Stone for :- Sercenings ¢ Screenings
. : : Top Course : (large) ¢ (small)
: : H 7 :
Preduct of  :2-1/2 to 3-1/2:1-1/4 to 2-1/2 :+ 0 to 3/4 & O to 1/4
Soft Rock : Inches : Inches :. Inches : Inchos
: : S T
: : 3 :
“Product of  :1-1/4 to 2-1/2:1- /4 to 2-1/2 ;0 to 1/4
Hard Rock Inches : Inchos $
: e H

‘P.-.-

The construction of water bound macadam requires the use of



heavy power rollers and sprimklimg certs. The subgrade whether it
be an old sand-clay, top-soil, grevel, cr carth rond sihould be
brought to a reason:bly true section, and the shoulders should be
built up to the depth of the loose stone for thc base coursc with
earth or other material., The stone is then ..prc,ad in the broad flat
trench thus formed by the raised shoulders, and to insure cvén Gistri-
bution and true cdges it is desirnble to place boords along the
sides to merk tho soparation of stone ord shoulder moterizl. Care
should be taiten to spread the stomna evenly énd to move all the pile
that is dumped on the subgrado. , Long proaged Tokes erc cxecllont
implements for spreading and forlss aré necessary for rapid work.
When the stone has boen sproad the boards glong the sides should
be _removed and the rolling shoéuld be. storted ‘at the cdges, with the
‘first passago of tho rcar wheel lapping the 7unctlon of shouldor and
_.stone, The rolling should be .continucd until tho center of the road
is roached, It should then be sta rtced at thc ‘othor side and yrogress
to the center. The baso gtonc, srould be. tnoroubhly locked and -
wedged until a man walklng on tho compe. cted laycr does not dlsturb
the separate stones,
. . The shoulders should then be’ raiscd ¢ galn, if neccssary to
tho height 0f the top course of stone and this should be spread,
using the side boords again as a guide., Ordinarily it is good
yragtica to dump this size. of stone on a larie sheet of metal, .
called & dumbing bo'*rd, aid to sproud it by haad from this point, -
It can be spread by spccmlly constructed dump wogons or trucks,
but these are hardly’ economical unless a large mlloage of stone
road is Bo be built, . :
This coursc of stone should be rollef in the $&mé mormer
as the base stone and vhon well locked, the stone chips, if these
have been screencd out’ SGParately, should bo sproad lightly over
the surface and thon swept in with sta ‘ble brooms. ' Those chips £all’
into the 1nterstlces botwoen tho stones and gradually Fill thems
The coursé should tiich be rolled ag-in and if necessary to secure
a tightly wedged surface more stone ChlPS should be spread and -
swopt across tho surfagds o

The surfacc should then bc snrlms.led, the stone dust should
be sprcad, more watcr should bo epplicd énd the final rolllng beogan.
This work should not he hurrled. - It 'should in fact cansume scwrﬂlA
days. ZEach day tho rollcr shot1ld bc runm back over' two duys! work
and correcet any defects ‘or 1rrcgu1ur1 ties tha't’ Levclop. Dust and
weter should bo added unt11 the mizture flows bcforc the rollor, -
and caroe should be ta:cn to cmphasme the rolllng at the edges so .
that thc crovn and truc crosu sectlon mll bo mgumﬂmed. o

+

Fmally, a thm laycr of scrccmngs znd- cust <*hould. be snroad
over the surface and. for soveral ‘da ys after the rocd has been oponed
to traffic it should be sprinkled cnough to kecp 1t alweys wet.

Macadam road constructlon nust be conductod with consicerablo
cero and requircs o good “foromn Who cun vary the tlme of rolllng, _
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adjust the sprinkling, both as to quontity and time, 2nd abovo cll
so handlo tho rolling as to prevont & soft stono from becoming
roungled, bocausc after that it con bo wedged tegether only with
greatest difficulty, if at all.

In place of macadom construction thore has been developod a
form of crushod stono surface which con bo mainteined moro ecosily
than votor bound meadom, but vhich Coos mot icnd itsclf so rendily
to the subsequont usc of bituminous mnterial. It requires much
less care in construction and its rcsults are so ncorly as good es
macadom undor light motor troffic that it is now goererelly preferred.

The ontirc product of tho crusher is scporoted into tro sizes,
everything above onc inch going into one bin and everything through
onic inch into tho othor. The large stone is spreal and over the
surfoce 1s scatterod sandy loom or sandy Slay as a binder. The
rood is then rolled, using 2 small amount of watcr to moisten the
binder, and the ncxt size moterinl is sprecd in one heovy blankot
over tho entire surfacc, much as fine gravel is sprcad in a gravel
road, and traffic is allowet ot onco to use the road.

As the surface course is comprceted, tho fine moterial acts
much like gravel and must be worked back and forth, and nll ruts
kept filled b7 uso of & blado grader. If tindor is not sufficicnt
a small amount of sand-clay or cvea loam may bo added. The surface
is really medo of artificinl gravel and it is just z2bout as good
as thot typo of surfaceo, '

The maintenance of water bound macadam where most of the
traffic is on stoel tircs is not difficult. A supply of the top
courso stono ond of chips and dust should bs kent in storcge piles
along the roadside and stone covered with the serconings should
be put into 2ll holes thet fom. If the now matoriol caz bo
watered and rolled it will always give much bottcr results., But
tthis giethod of repair is practically impossible where thore is
much motor traffic, for tho passing cars seatter tho now snd loose
matorial and cffectivoly provent its forming o bond with the old
stono, It was this difficulty, together twith tho disintegration
of the mocodam surfoce ond tho intolorsblo dust that rosulted
from the loosencd matcrial, that carly demonstroted the incdequacy
of this type under cutomobilo traffic and lod to its practical
apandonment in tho Unitod States. Tho crushed stonc road on the
other hond is maintoined just as a grovel road is, by use of a
blado graderes This type doos not depend on thoe comonting rropertics
of rock powders to hold tho stono in plocos Clay o loom binders
arc useé, and tho surface has a covering of loose sroll stone end
scroenings that is mainte.inéd in rogular scction by the grading
machino, '

Tho dlfficulty of maintaining water dbound macndam uncer
hoavy motor traffic and to a much loss dogroo of gravel roads,
at onco introduco the subjcct of surfoce treatments with bituminous



mioriels, Todey in tho Unite@ Btafes proctically 2ll rords 1igtod
s macadam are in fact surfoco-treatcd moecodons, ond their surfocos
arce being meintnined with 0ils or tors and stonc chips, sand, or
fina grovels. 4 voricty of bituminous mcterizls are cveiloble for
this vworlk of surfrce treating stono and grevel ronds, Some ore
cpyplied hot, somo cold. Ticy ronge in consistency £ll th: wmy from
crude 0ils to hcavy meterials cquel to thoso used for ponztrotion
reeadam or heaviers Engincers donot ngroc ou ony ¢ thot is bost.
In fact, somo are best for ono form of application and others for '
difforent troctments. that is eatirely successful for usc in
treating a watcer bound moccdam will not sorve 2i zll on gr:i-v'ol-
Proetico in surface treating verica vwith. tho cnginocr ond his oxe
perionce, rnd thore are two prevailing jdoocs omong. cnginocrs roela-
tivo to tho finish of gurfoce trestments. ~One group profors a
leathery or rubbery met having cqough stone to.give it suprort, '
but esscentislly a bituminous protoction to 'the unlorlying mactdtie
The other profers a moscic finisa Bs full of stonoc o8 nossidles
The tondoncy in practice is toveird a-moseic finish.end tho writer
hos alweys proforred it Curing a long cxperiencCa. ’

A typicel method of surfoed troating a-maencom with a hot
0il, using stono chips for coévering materigl, may bo doscribed as
follows: . ’ . B L .

Tho water bound mocader rool should bo kept undor troffic

long cnough after corploted to compact it ‘thoroughly., Spots vwhich
rovel in tho meeatimo should “bo constantly reépaired by ccvering |

tho places with stonc chips and stone Gust ané freoly waterirg n~nd
rolling, Whon tho' surfoee troatmont is to ‘bo-opplicd, 2ll accuwmlnted
aust should bo swept to tho sidcs by mezns of a:rotory strect broom
or with hand brooms. To0 thoe surface thus cleamol the biturminous ..
metorial should bo arplicd at the ratc of obeut onc hrlf gallon por
squaro yord. The bituminous metoricl is epplicd by nand: or by o
distributing wagon or truck. Besides hend-pouring pots thero is a
largo varioty of cfficicnt cquipment for this' work: tork wogons for
aistributing hot. or cold matorial under prossurc or by grevity, sand
and stone sproadors,, Frooms, and vacuum rocd cloanors. But it should
be kopt in mind thot such héavy cxponsive equipment-is scldou 2conomi-
cal unloss it conm be kopt in scrvice and oporotion most of tho timo,
The type of cquimiont tc bo umsod, thcrcforc, and vhethioy hanéd or .
mrchinoe methods shall be employod will dopend on tac lacotion and
quontity of work of this wind to bo domos whon the milcoge of sur-
foco-troatod roald in suy region becomes 1nrge, thom mrckine couirment

Cane

con bo -intgoducod with the cconomics that moy bo expoctcd from such
mothods,

A voricty of bituninous moterials ray bo used and sometimes
usod in combination of two oils, tw0 ters, or o tar zad an oil. The
total application rorely szcouls 0.5 gnllon por squaro yord of sur-
foce whothor mado ia onc or more applicztions.
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Aftor the bituminous matcérisl hes beon spread tho ontiro
surfoce should bo covercd with & thin layer of stonc chips, poo~-
sized gravel, or coarsc sond, dcoponding on the qunlity of bituninous
rmtorial usod. Tho stone chips should bo clean and 21l should pass
2 hanlf-inch mecsh, Grovel, if uscd, should lixewise be free fron clay
ok other dirt, but mey contain scmo sand, ond should £ll pacs o 3/8-
inch screen. The cnount of such cover mntericl used will vory with
the quontity ond quelity of bitumoen 2ad with the judgmeat of the
cngincer.

Accordingly the amount of stonc chips or greovel that should
be uscd varics from as little as 18 pounds to zs rmuch os 60 pounds
per squarc yord. It may bo oxpresscd conveniently in squere yords
per cubic yard of covor mnterial, vheon it will ronge fron 160 super-
ficizl yards to £0 superficial yords per cubic yorc of covering.

The scant gpplication of cover mnterial producces = lcatheory net; tho
heavy opplication, 2 moszic mot, In the lattor ensco it will be found
that bitumen will not at first hold 211 the covering applieds IMuch
of it will be brushed towvard the sidos of tho rcod by troffic. It
should bo broomed beck over the rord two or thrce times s the sun
softens the surface and ccuses the bitumen to "bloed" or como up through
the covering raterisl. -Gradually the dlceding will stop, indicnting
that the bitumon hes bondoed 211 the stone it com holéd to the rcad
surface. If sand is usod with o heavy bdbitumen 2 lcathery cffcet till
bo procuced. The larger the matorial uscd to cover tho bitumen the
more the surfaco will be likke a moseic.

In ell cases, cxcept when sand is uscd, it is better but not
neccossary to usoc o roller to fix tho cover neterinl fimly ond uniform-
1y in place, The larger tho stone the greater the bonefit of rolling.
This mcthod of surface treating e mocodom road is the simplest of
scveoral nethods in corron practice,

Bituminous mcterials, suitoble for cold and hot applications
with thoir choracteristiecs, os determined by the tests of the Anerienn
Socicty for Testing lrterials, or ¢f tho U. S. Burcocu of Fublic Rosds,
ere listed in the following tabulation, Tho quantity of bitumen to
bo applied per square yzrc anl the amount and kinc of cover rnoterial
‘aro also indicateld,
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:Specific Gravity:Flash Point ; peeific Viscosity;

:25° / 25° c.: : :

0il fcr thin ;I!ot more - -
cold s 0,935 — 0,970 : than 50° C.:At 25° C. 80 -120 ¢
Application : : s .
H ) H H

0il for hot : Tot less than :Tot less :At 100° C. :
: 0,980 : thon 800 C.:mot moro then 60 @

Application : : : :
Tar for Singlo : H :
cold ¢ 1.100 - 1.140 : :At 40° C. 25 - 35 :
Application H H t :
Tor for hot  : Tot less than : : .
H 1.150 . : :

Applicztion H : H 5
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TABIE II

Float Test

Loss at 163° ¢,

in 5 Hours

¥loat Tost of
Residuo

Cil for thin
Ccola
Application
0il for hot
Application
Tar for Single

cold
Application

Tar for hot

Application

At 32° ¢,

not less
than 60 sec,
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TABLE II
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Surface treatments will last under normal traffic for that
type of work for periods ranging from eight gonths to several years.
Generally the heavior treatments arc now omployed becauso of their
longar life. The surfoco will not always remain intact, owing to
local weak spots, These will broak away from the mocadam below
and form annoying holos, smell in size, but deep and with abrupt
sides. To maintain such a surface roquires a supply of the scrio
bituminous material as used for the gensral treatment and cover
rmotorial, If the brdak in the surfaco is only through the troat-
ment and not into the macadam, a small amount of bituminous material
should be brushed well into the hole, 2nd covered with stonc chips
or gravel, Stono chivs, becnuso of their angularity, will always
bé found better than gravel for such repalrs, even whero grevel
was uscd originally for the general trecatmont. This cover material
should be lightly tamped by hand to set it well in place,

If the bresk is into thé underlying macadam, os well as
through the surface treatment, a different process should be used
in rcpairing the dbreak. A quantity of stone passing an inch mesh
should be available. This should be coated with the bituminous
meteriel, preferably by placing it in a fino wire basket and
divping it into the bitumen supply, or hy pouring the bitumen
through it from onc bucket or containcr to snothers It should be
allowed to drain thoroughly so that no oxcoss of bitumen excopt
that neccessaiy to eoat the stonc is left. This comted stone should
be put into tho hole in the surface, until it is filled a little
above the surface level, and should then be covered plentlfully
with clean stonc chips and thoroughly tamped.

This method of occasional repair of isolatcd weaknesses will
sorve to koop a surface-treated macadam road in. good condition
until the trontment has beon worn dowvm practically to tho originnl
macadam, As stated, this will result in from 8 months to 3 or 4
years, according to the weight of topping and type of bitumen used.
It will then bo nocessary to retrcat the surface according to the
original methol cxcopt that & smaller quantity of bitunen and 2
corresponCingly smaller quantity of cover material should be used,
Using the lightest bituminous material, as littloe as one-tcnth of
& gallon por square yard may serve for rotrcatments; froquently as
little as two-tenths is used for practically any of tho other moterials
up $0 the heaviest commonly omployed in this kind of worke Two-tenths
arc as little as a mechanical distributor will apread. Less than this,
1f.dcsircd. mast orcinarily be sproal and broomed by hond.

The type of construction described in this paper will
gonorally givo good sorvice under traffic up to 1,000 vchicles a daye
It cormonly fzils by shoving and develops folds or waves, making tho
surface irreguler and rough. This condition i1s difficult to cambat
or correcct onco it occurs. It 1s best prevemted by adopting a
consistont practico of filling the surface as full of stone or gravel
as possible, securing always & surface hoving & rosaioc appoarsnce; ond
by avolding entirely tho lcathory or rubbery type of work.
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Each retreatment should be postponed until the existing treatment
is well worn down to the original macadam gnd the rctreaiments
should be as scant as will serve to restore a good wearing rzt,.
Every effort should be made to prevent the accuwrmlation of 2 mat
"o thick thet it will iron out under %rzffic and form waves,
When this wavy condition finally preoveils, as it will if traffic
increases and necessitates more and riowe freguent retreawments,
it can not be.cheaply or casily correcied, ~nC it is an indication
that this type of eurface. is no longer adeguate, Heavier bitumi-
nous worz of azethoer $vype msg be roacedad 4o and this will be
Cescrived in 7 @nceneling peler. ’
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BITUMINOUS SURFACES OF MODERATE COST

In prevmu.s erticles we have described those types of sur-
faces that ere a heritsge of the days before the sutoobils. The -
first and s1mplest method of treating the older tyves with bitumen
to meet the new comhtmns was described mder wvater hound macadam.

We have now to consider a veriety of surfaces th.at have been
devised to meet the new truffic. These types probably- would never
heve existed, certainly not eutside of cities, but for the motor pro-
pelled vehicle., They are what we irclude in the term modern types of
ps,vemenu and most of them are indeed very modern.

The principal distinetiai between earlier and modern ‘surfages
is that in the latter we use prepared or artificial binders and mo
longer depend on the natural cemerntini value of rock powder, -or the
efficacy of clay to hold stone particles in place. Instead we use a
ter, an o0il, or a native asphalt of suitable quality, or we resort to
an artificial Portland cement. All of the bituminous types ray be used
in designs which contemplate the salvaging of other low type surfaces
such as gravel, water bound macadam, and crushed stone. It is poseible
to use them to’'a certain extent also in reconstr\mtlan over sund—-clay
and top-soil.

The pimplest and least expensive bituminous surface used is the
single surface treatment already déscribed. It was soon found that
traffic rapidly wore such thin mats to a point where they broke away
froa the underlying course, and a heavier type of treatment was devel-
oped, kmowr as a dozble surface treatment, or sometimes as iuverted
penetratioc. The significance of the latter name-will te' plain later.
These heavy surface treatments are used to salvage water bound macadam,
first~class gravel rcads, and occasionally~-almost expyerimentally
gtill—sand-clay and top-soil roads.

In addition to th2 single and doubleé surface treatments, and
inverted penetration, there are bituminous macadam, a type widely used
and of much value; a variety of thin surfaces or mate .lzel iu plnce
on the roag; and e type of sand-asphalt that is a premixed surface
arproachiig the stancard sheet asphalty but adaptable for licht .or
modern traffic only., Three ‘of these surfaces will Ye fully descrited,
ard the others briefly covered by reference to their essential varietioms

from the more generc.l types.

The simplest is the dcuble surface treatmemt for use on old.
or new water bound macadam, end on gravel roads of the best sort which
are reasonably free fron cla" binder. The water bound macadem should
be ir excellent condltlon, thoroughly caompacted, smooth and regular
before the doudble treatment is attempted, and in the case of gravel
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roads, only the best of this type should be made the base for such
treatment.

\ It is a scund principle that as we advance our types of
surfaces we should also advance the quality of our bases, bacause
we expect the better types of surface to carry more traffic, of

. course, and we must pay more for such surfaces. So we must protect
our investment and insure greaber endurance by providing bases for
traffic heavier both in respect of quality and also of the weight
of separate units.

» The preparation of the surface is the same as ihat described
for surface treating a water bound macadam, and consists of sweeping
from the old road all loose dust, and exposing thereby the well
bonded stone. On this the first applicatimm of bitumen is made,
preferably by means of a pregsure distributor, at the mte of 0.3 to
0.4 of a gallon per square yard. At once the surface is covered with
a layer of 3/4 inch to 1 1/4 inches stone at the rate of cme cubic
yerd loose measurement to 40 square yards of surface and lightly
rolled. A second spplicatiom of bitumen is epplied at the rate cf
about 0.4 to 0.5 of a gallon per square yard and the surface is cov—
ered with a layer of 1/4 to 3/4 inch stone, clean and free from dust,
at the rate of one cubic yard loose measurement to 75 or 80 square
yards of surface, The surface is then finished with a power roller,
care being tsken to direct the rolling so that the surface is not
distorted or the stone displaced, but so that it is maintained in &
true, regular cross sectiom. The process of rolling the second appli-
cation of stone compacts and wedges the entire mass, and to scme ex—
tent the first application of vitumen is forced upward by the
squeezing process and penetrates from the bottom. This accounts for
the name sometimes given to this type. The resulting surface mat
is abaut 1-1/4 to 1-1/2 inches thick and represents the best surface
that has so far been developed by the method of surface applicaticns.

A number of different grades of bituminous material have been
used, but practice is becoming rapidly standardized for this type of
work and the following specificatiom may be depended upon to provide
a satisfactory material:

Asphaltic Oil for Double Surface Treatments.

1, « The Asphaltic o0il shall be homogenecus, free from water, and
‘'shall not foam when heated to 175 degrees C.

2, Specific Cravity 25° C., not less than 1.000.

3. TFlash point, not less than 175° C, '

4., Melting point 380 ¢, to 66° (.

5. Penetration at 25° C, 100 grams, 5 secands, 120 to 150,

6. Loss at 163° C., 5 hours, not more than 2 per ceut. -
Penetration of residue at 25° €., 100 grams, 5 seconds,
after heating at 163° C., &s compared with penetration
of asphaltic cement before heating, not less than 60 per cent.

7. Total bitumen soluble in carbon tetrachloride, not less than
99 per cent.
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8. DMuctility at 25° C., not less than 50.

The stone used may be any grade of material suitable for
water bound macadam, and in addition any other hard rock, even
though it has a low cementing value., This charascteristic is ob~—
viously of little significance where éan artificizl binder is being
used,

In some cases a third spplication of bitumen and stone is
rede simply as a sealing coat, but this variation of method is
unusual »

Resembling the surface treatments, but differing in the
method of applying, are the mots mixed in place. These have been
developed for use where the underlying macadam or gravel road is nof
first cless, or is even loosened and ravelled. A variety of light
oils, even fuel o0il, may be used. These are applied first to the
swept road surface; over the 0il a thin layer of loose materisl
including the sweepings is brished with a grading mackhine., A second
application of oil is made, more loose mterial brought over the
surface, and the whole loose surface worked backward and forward
across the road enough times to mix the oil and stone or gravel thor-
oughly. The surface is then shaped and allowed to cempact under traf
fic, or may be rolled to expedite the cmsolidation of the mat, If
traffic is depended upon, a grading machine must be kept available
to maintain the cross section true while the consolidation is going o

These mixed mats are useful in arid or semi-arid regions wher
there is not enough rain to carry off the oils used. The results are
gsomevhat better than single surface treatments on well cmsolidated
macadam, but not so good as double surface treatments.

The most important of the moderately priced bituminous surfac

43 the standard bituminous macadam built by the penetration method.
This is the best known and most widely used medium type pavement,
and its use is constantly increasing. In some states it has been
developed for use under heavy traffic in designs having wmsually
heavy bases ané thick wearing courses. Such comstruction, however,
removes it from the moderately priced class and places it with the
pavement class of surfaces, ' o

The lightest design for bituminous pavement is a base 6
inches thick and a wearing course of 2 inches, The base course may
be increased by using double courses of 4, 5, or 6 inches each; and
the wearing cairse may be increased to 2-1/2 or 3 inches. The com~
monest cross section design in the United States is 6 or 8 inches bat

and a 2-1/2 inch wearing course.

The base ig laid exactly as the base for water bound macadam,
except that a wider variety of stone and sizes may be used and the
stone 1s not so completely bonded with water and stone dust, It is
cormon to employ & base stone graded from 1-1/2 to 3 inches in size.
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By thickening the base a wide range in quality of stone is permissible.

, \' The base course or courses are thoroughly rolled and compacted
end the finished base is made true and uniform, the veoids being filled
by brooming chips or sand over the surface and rolling either dry or
with a mecderate amount of water.

Upon this base coirse enough stone graded from 1-1/2 to 2-1/2 v
inches is spread to give when compacted a wearing course of the depth
required. For a 2-;/2 inch top, the stone should be spread at the
rate of one cubic yard to epproximately 12 square rards; anG for a
3-inch course, one cubic yard to 10 square yards, all by loose measure—
ment. The spreading of this course of stone must ve carefully done
and the surface must be left very true and even. The stoue is then
rolled sufficiently to make the surface firm and to disclose irregu—
larities or low spots. These are filled and the rolling continued
until a true, fimm but not closed surface is obtained, When a softer
stone is used, less rolling must suffice else the stone will break
and the surface will be tooc much closed.

Vhen the top course of stone has been adequately rolled and
low places filled with additiomal stone where necessary, the first
application of the bituminous binder is made. This process calls
for great care and much of the success of the work will depend om
the attention paid to this detail. The total rate of applicatien
should be ebout one gnllon per square yard for each inch denth of
stane, This rule holds for surfeces of 2 amd 2-1/2 inches in thick~
ness, but should not be used with 3 inch tops as it provides ezcess
bitumen. As & part of this material must be withheld for a second
application or seal coat, it is customary practice to Lold ome-half
or three~gquarters of a gallon per square yard for the seal coat and
the balance of the total amount is poured as binder into the wearing
course,

The spplication may be mede by hand or by distributors of the
gravity or pressure types. Excellent equipment has been developed
for both methods, If the mileage to be castructed is large and the
time limited, especially if hand labor is costly, mechanical equip-
ment should be used. The pressure type of motor distributor is the
best as it drives the material heavily ageinst the stone particles
and into the volds, If dust remains on the stone this process some-
whgt counteracts the presence of such dust and insures & better
contect. On the other hand, the distributor may e so heavy and the
welght so balanced over the rear axle as to cause excessive rutting
of the stone and comsiderable distortion of the surface. Heavy and.
exceedingly skilful rolling is then necessary to bring the surface
back to proper cress—sectim. It is sometimes difficult to start
end stop the flow {rom the nozzles of & distributor so that entire
-control of the quantity applied is had at the starting and stopping
lines of the several trips. Specifications require sometimes that
building paper or other covering shall be spread over the stone at
the start so that full rate of daischarge shall be made just as the.
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equipment reaches the exposed stone, .and that the flow suall be cut
off as goon as it begins to diminish as the tank becomes empty.
Paper may be slipped under the dripping nozzles at the end of the
run to prevent the formation of "fat" spots, that is, places having
excessive bitumen. Similarly, protective covering is spread to
prevent lepping the distribution at the Jjunction of two successive
runs of the distributor. These details may appear to be meticulous
end even unnecessary, but bituminous macadam is sometimes referred
to as the "least Fool-proof" type of bituminous surface built, and
this reputation results from the fact that disregard of these care-
ful details produces an unevenly bonded road, "lean" in some places,
"fat" in others, that is, having too little or too muech bitunen;
end once this condition is produced it cannot be corrected except
by removing the stone and starting over again. This work of correc-
tion is s0 costly that it is not done and in consequence we have
many miles of poor bituminous macadam that might with proper care
and skill just.as well have been first class.

If the amount of work to be dome is relatively small and the
program gives ample time, especially where hand labor is cheap and
susceptible of being adequately trained for the work, hand pouring
is to te recommended. Some engineers actually prefer this method,
and believe that superior results can more certainly be secured.
They adopt mechanical methods for the sske of speed and economy where
labor is costly.

Hand pouring is done with pouring pots of metal, having wide
flat nozzles. The pots hold usually 3 to 5 gallons and have a strainer
across the top so that foreign materials, dblown by the wind, will
not get in and clog the spout. The pots are filled with the hot
bituminous material at the heating kettle or from the discharge
valve of a tank mounted on wheels and supplied from a central supply
end heating station. The temperature of the material should be
between 135° C, and 177° C.

The men chosen to pour should be provided with heavy gloves,
trousers, and shoes because the temperature of the bitumen is
sufficient otherwise to tske the skin off exposed parts of the body
by the end of a day's work. Before pouring is begun and as it
proceeds, the foreman should lay out a definite length of road
surface to be covered by a single pot of binder. If the pots have
8—inch nozzles and the application is to be at the rate of 1.5
gallons a square yard, the length of a single strip coverefl by the
contents of a 3-gallon pot will be 27 feet; or if the man is t0 L
walk forward and back, pouring two adjacent strips, the length will
be 13.5 feet. The pouring may be done crossways of the road dnd
if the width is 15 feet, two passes across and back, will be enough
to empty the pot., In any case the area to be covered should be.care--
fully marked by a stake or other handy means and the pourer trained
to walk and pour at & speed adjusted to exhaust the contents of the
00t in exactly the right distance. With a little rractice men will
become very proficient in doing this and once trained these same men
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the pouring be done in dines -at an angle of 45 degrees with the center
11ne.\ This i's an advantage in redwing the tendency, often exnerlenced
in hand poured work, toward an uneven or ridged finish.

‘As soon as the first o.pollcatlon is m&le, interrmediate stone
graded from 3/4 to 1-1/4 inches is spread over the bitumen coated
coarse stone until it is so entirely covered that the roller wneels
will not pick up‘ the stone. The intermediate stone should be
broomed lightly actoss the surface so that-the void's are well filled
and excess stone brushed to the sides.: Rolling should then be started
at the sides in the mamer customsry for water houad meczdam and the
surface should be thoroughly compacted by wedging, the small stme
tightly into the voids. Great care should be taken not to distort
the surface, especially not to destroy the lowv crowm used in designs
of this type. The final appearance and the smooth riding qualities
of the road derend largely on tie rolling and it reguires a rollerman
of great skill and patience to get a really good finish.

TVhen the st me has been thoroughly campacted and locied, tle
seal coat is added, consisting of the remaining one-half or throc—
quarter gallon of binder and an additioral layer of fine store,
graded from 1/4 to 3/4 inch. The surface is agnin rolled and
brought to final finished shape. It may be otsed to tr=ffic
as soon &s the bituminous binder has thoroughly chilled.

A variation of this type is sometimes built using two
sizes of stone. This is possible when the wearing course is
designed 2 inches thick. In such case the first store laid
on the base is 1 to 1-1/2 inches in size, After rolling as
described, the bizder is apyplied and the stone.used to wedge the
surface is graded from 1/4 to 3/4 inch. This size is used also
in the seal coat. The prccess of construction is otherwise the
same as described. ‘

Obvi ously, any stone suitable for use in water bourd macadam
is satisfactory for bituminous mocadam, and in addition mnny rocks
may be used tha‘b, have 2 low cementing value. Sleog from blast
furnaces and steel mills makes excellent aggregate provided only
that it is not of the highly acid or glassy kind. Soft limestones,
even oolitic limestone end coral rock have been sucessfully employed.
Just how severe the requiremeunts snculd be for quality of stae
depends upon the density of traffic and probable weight of
individual traffic wmits. A French coefficient of 6 or 7 is quite
sufficient for first-class construction of this tyve.

The bituminous binder, if an asphalt, should have a standard
peretration of BO to 120 and if a tar, should give a float test of
150 to 180 seconds. A general specification is given herewith.
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The bituminous material, vhich shall be oil asphalt, or
fluxed Bermudez asphalt, shall meet the following reguirements:

1. Specific Gravity et 25° C., for oil asphalt,
not less than 1.000
for fluxed Bermudez, not less than 1.040

2. Flash point, not less than 175° ¢C.
3. Penetration at 25° C., 100 grams, 5 seconds 100 to 120
4. Ductility at 25° C., not less than : 30

5. Per cent of total bitumen soluble in carbon
tetrachloride, not less than 99

6. Per cent loss at 163° C., 50 grams, 5 hours, ,
~for oil asphalt, not more than 1
for fluxed BermudeZ, not more than 3

Penetration of residue at 25° C., 100 grams, 5 sec.
as per cent of original penetraiion, '
for oil asphalt, not less then 60
for fluxed Bermdez, not less then 50

7. Total Bitumen percentage, soluble in carbon
disulphide, for oil asphalt, not less then 99.5
for fluxed Bermudez, not less than _ 94,0
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A well-built bituminous mecdfiam will satiefactorily carry o
traffic up to 1500 vehicles per day including 50 to 60 trucks up
to 341/2 ton capacity. It actually will carry a greut deel
heavier traffic than this, but it will beccme more or less dis~
torted, begin to shove, and form corrugations or shallow waves in
the surface. These cean not be eliminated successfully by any
meintenance method s that are inexpensive and conseguently it is
always well to ¢ msider carefully the limiting traffic. Beymd
1500 vehicles per day the cost of mafnbtenance rises sharply.

The method of constructing bituminous macadam may be varied
by first coating the large stone with bitumer dby nixing the
material at the rate of 18 gallons to each c¢udbic foobt of stme.

The coated stone is them laid, the intermediate stone is sprecad
-over the surface to key and wedge the larger stone, and rclled

as in the method already explained. This variation of the process
requires dry stone, and even heated storne is desirable. It adds
to the cost and undoubtedly urodnces a somewhat better result.

A final surface to be described among the Vypes now under
consideration is the so-called sand asphalt. This ruch resenbles
standard sheet asphalt and its durability increases the more nezrly
it approaches the standard type, but it is generzlly milt as a
cheaper form, by utilizing a natural sand, without admixture
with other sands or any other treatment to produce an ertificial,
scientific grading of the fine aggregate. It is a useful type
in desert reggions, or wherever the natural soil is notadbly sandy.
It has been used with success on Cape Cod, Massachusetts, U. S. A.,
and along the coastal plain from the Virginia line to southarn Floride
It may be constructed as a combination base and top or as a tcp
where a suitable base of other material is available. It should
rake an excellent, relatively irexpensive type for use in the
southern Argentine, Patagmia, the Atacama desert end the entire
northern arid regiom of Chile.

When built es a combination base and top, the total depth
should be at least 5 inches, of which 2 inches is top or wearing
course.

The sandy subgrade should be carefully leveled and compacted
as thoroughly as possible. If water is available thoroughly wetting
the sand as it is rolled will greatly facilitate consolidation.

In places where water is not available the sand mar be stabilized
by spreading upon it and harrowing in a layer of one or two inches
of clay. Rolling will then be muich more effective than on dry sand.

The mixture for the bottom course is prepared hot and is
commosed of 91 to 94 per cert of sand and 6 to 9 per cent of
asphaltic cement. The sand is heated prior to mixing to a temper-~
eture of 225 to 350 degreecs Fehrenheit, and the work must be so
handled that the mixture may Ye placed and rolling started with
the temperature of the material not wnder 265 degrees and not over
325 degrees F, The composition of the sand is not controlled
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beyond requiring that it shall all pass a 1/4-inch sieve and be
graded from coarse to fine. Almost any natural sand deposit will
furnish adequate material.

On account of the character of subgrade m which this type
is usually built, it is impracticable to use a roller heavier than
& 6- or B-tone tandem weighing sbout 200 powmds to the inch of
width., Care must be taken to roll the edges well before progress—
ing toward the center. To support the edges of the mixture and
furnish a guide for the soreaders anl rakers, timber forms of
suitable depth must be used. Two by eight inch~timbers set on
edge with the shalders benked high against them on the outside
may be employed. These should preferably be left in place when
the surface is completed, but this is not imperative.

After the base has been rolled it should be allowed to chill
thoroughly before the secord or top course is laid.

The base gourse shoald be kept cleans no traffic should be
allowed upon it, and before nlacing the surface mixture a paint
coat of one gallon of bituminous birder to 16 square yards of
surface is applied to the base course.

The surface mixture may be the same as the base mixture, btut
the work will e much improved by more closely approximating
a standard sheet asphalt grading. The following is suggested,
and experience shows that a ecanbination of not more than two
natural sands, and often a single sand, will suffice to give
the desired resuld.

_Per cent

Passing 10 mesh and retainedv on 40 14 to 50
" 0 " " "t " 80 30 to 60
i 80 v " " "200 16 to 40
o 200 0 to b

The sand is heated as for base course before mixing and
mineral filler is added to raise the percentage of material
passing a 200-mesh sieve in the finally prepared material up to
10 to 15 per cent., The total fine aggregate and filler should
he 88 to 90.5 per cent, and the bituminous cement 9.5 to 12 per
cent, .

. The top course is handled and laid at the same temperatures
as the base course snd rolled in the same manner. As this course
is final, the raking must be dme with great care and the rolling
mist be skillfully managed so thet the surface as finished shall
be true and regular, It is possible, and often required, that
this type of work be finished so that under a stralght edge 10
feet long laid parallel to the center lire, there shnll be no
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deprebsions greater than 1/16 inch far each foot in distance
to the nearest resting point of the straight edge. Very careful work
is demanded to secure such close confarmity to & true surface,

Where there are available some of the lighter materials
already discussed in describing gravel roads, such as marl, caliche,
sand-clsy, top-soil, etec., the base may be constructed of any of
these and the mixed base may then be omitted. In such case the
base course of light natural mterial must be thicker than 3 inches.
Usually not less than 6 or better 8 imchées should be used. The mixed
top course is laid on the base as already described.

Send-osphalt is a relatively new developrent. Until ten
years ago only two or three sections, end all of these very shart,
had been laid. None of them cerried more than very light treffic.
But within the last five years this method has developed cualities
indicating that it is satisfactory for a traffic of 800 to 1000
vehicles, and it is dustless and susceptible of camstruction
where water is almost nm-existent and no other natural material
available them the desert sands,
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EIGHER TYPE PAVEMINTS

The present article will cover in a necessarily brief
manner the first introduction into a highway system of the more
costly and durable types of surfaces usually referred to as pave—
ments, Were we building a national highway system pari passu
with the development of the country from pioneer conditions until
traffic btecomes as dense as it is today in some advanced countries,
we should find the types to be described as the ones finally con-
structed, in point of times The course of road building could
economically follow closely the series of steps outlined in these
papers, But in fact we are-never able to pursue such a course,
because our highways are behind our traffic in.development. Some
construction, therefore, even on a highway system being newly
- planned must consist of the higher types that represent the findl
forms of surface that the highway engineer knowss

Vhere traffic is denser than 1500 vehicles per day,
ineluding 100 or more trucks of 3 1/2 to 5 tons capacity, it is
found that some form of pavement is justified. In the list from
vhich the designing highway engineer may choose are several forms
of bituminous concrete, Portland cement concrete, brick, or soue
other block pavement, and with the exception of the Portland ce~
ment concrete pavement these may be constructed on a variety of
bases. Consequently, there are on the whole a large number of
designs available; and in addition to the standard types there
are numerous patented pavements which are variations of one or
other of the standard types. )

. The original studies for laying out a national highway
system will disclose some locations at once requiring a higher
type of construction; or subsequent traffic increase will demand
the reconstruction of an existing lighter type, the salvaging of
as mich as possible of the existing surface and the building of _
some form of modern vavement. The first condition permits a free
selection of types to suit existing requirements. The latter
condition frequently limits the choice or even determines it if
the greatest advantage and most economical service is to be ob--
tained. The three general classes of pavement are bituminous
concrete, concrete, and block. In the large tuilding program of
the United States Government under the Federal Highway Act the
mileage of these several classes vhich have been built may serve
as an indication of the judgment of a large number of engineers
who have worked under the greatest possible variety of conditions.
Under that program the pavements built are distributed as fellows:
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Pavements Built on Federal Aid System

To September 30, 1927

Bituminous Concrete 1,751 miles
Brick . 778 "
Portland Cement Concrete 14,408 "

I$ should not be assumed that this same order would prevail
in any other country. It does not in France, nor in England. In
hoth of the countries mentioned, ravemenis on tihc rural highways
represent only a relatively small mileage, end in Loth cases bituminous
or block types have been favored over concrete. In & continent like
South America where coal is not available and oil is abuadsnt and
may be in much greater abundance in the future, it is lilely thot
econony may determine the prevailing tyre of high-class construction
with a different result from tha$ appearing in the United Ctates. In
any case the dictates of econony should prevail, and it should be borne
in mind that equally serviceable pavements may be designed and con-
structed in any of the thrce classes mentioned. The .enginecr rust
study -his local conditions and make careful estimates to detcrmine
what type to build.

Bituminous concrete differs physically from bituminous
macadam in that the aggregate, composed of sand or stone or both,
is véry carefully graded according to size aad is mixed with the
asphaltie cement before being laid upon the base prep.red for the
surfacing course.

Bituminous macadam, as previously described, has the
asphaltic material added after the stone is spread, by what is
known sometimes as the penetrstion method, and the combination
of aggregate is not graded except as nccessary to secure a certain
degree of mechanical bond.

The bituminous concrete pavements mey be subdivided into
three groups according to whether a fine eggregate, prassing a
sieve having 10 meshes to the linear inch, is used; or a graded
aggregate contrining particles passing a 1/2-inch screen ond re-
tained on a 1/4-inch screen, in addition to sand such as that
confined to the first group; or finally a graded stone and sand
sggregate ranging from 1 1/2 inches to cust.

An example of the first group is the ordinary znd cormmon
stendord sheet asphalt used on eity streets in great quantity, end
sever:l other patented types designed in an effort to redvuce the
cost of the standord type. The second group is represented by,
the pavements built under Topeka specifications in which approximnte-
1y 25 per cent of the oggregote consists of stone ranging from 1/2
to 1/4 inches ond sand vhich is itseli graded approximately s for
& shect esphalt. Also included in this group is the District of
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Columbia specifications, fimimsite, Pessonite and some gravel
mixtures of similar compositions. A variety of crushed gravel

or stone mixture is now being extensively tried in some of the
western states of the United States and should this type develop
satisfactory qualities it may tale its place in this group, although
it presents some radically different elements in its preparation and
construction. Finally there -are the large agsregate mixtures con-
taining stone as large as 1 1/2 inches and having both stone and
sand carefully graded. There is in use todsy no sitendard type of
this group, vhich is unquestionably best represented by the patented
pavement laid under the name of Tarrenite-Bitzulithic.

All bituminous concrete mixtures sre desiermed and depend
on the principle of internal stability. Thet is, the material
composing the aggregete is separated into sizes snd the voids
existing in the largest size are filled with the next smallisr size
so far as possible. The voids in this combinasion are filled with
the next smaller size and so or until finally all voics are theorete
ically full. Bituminous materizl is added in sufficient quantity
to coat all particles and prevent them from mcving on one another.
In practice the complete filling of all voids is impossible at any
reasonable cost, and in the various mixtures made some omit the
‘large stone and some the fine. Some rely on a stilffer grade ot
asphaltic cement to fill a certain amount of remaining voids as
well as to hold the particles in position. The standard example
of this type is undoubtedly sheet asphalt. ™is mixture is com=~
posed entirely of sand passing a 10-mesh sieve, mincral filler
passing a 200-mesh sieve and asphaltic cement. The theoretical
specific gravity of a voidless mixture may be 2.26, and in actual
practice a specific grovity of 2.20 should be secured, indicating
voids in the final product, as left by the roller, amounting o

2.6 per cent.

Volumes have been written on the theory of designing tiese
mixtures, and our knowledge is by no means complete today. h fu%l
description is impossible in an article like this and the recder is
directed for a further study to some of the standard texts on the

subject.

The bituminous concrete type of pavement is laid cn some
adequate base, as it has little or no beam strenzth and @ust ‘ba
continuously supported. Beses used are of two common kinds, the
rigid and non-rigid. The former is usually a Fortland cerment con=
crete base, but it may consist of an old Portland ce?eqt concrete
pavement thet is being salvaged or an old bricl: or bloci p%vemcnt
similarly treated. The base if new should be at }eagt Gw;nfhes‘
thick, and if soil conditions are nét favorable this depth should
be increased. Non-rigid bases may be of water bound macada?;
rolled stone suitably filled and compacted but.not nec?ssaryly
water-bonded; gravel bases of considerable variety; other light
materiels such as caliche, tepitate, green (i. e. new)} shell or

0ld shell from bank deposits; good grades of merl; or in fact of -
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any non-slacking material, reasonably impervious to water and
capable of being thoroughly commacted. These materials, like
the marls, shell, and soft lime rocks, may be light and friable
when dry and very non-resistant to abrasion, but beccuse they
are entirely covered and protected from the traffic by the
bituminous concrete wearing surface, they will nevertheless serve
sdequately as bases for such types. The thickness of such bases
should be at least eight inches cormpacted. The bituminous con-
crete surfaces are exrensive, and ro chances should té taken of
losing them by having inadequate supvort. Such svrfaces under
modern moter traffic are exceedingly dur=zble and more often fuil
becouse of insufficient suprort than from wearin, out. It is,
therefore, false economy to reduce a non-rigid, or any base de-
sign for such pavements to the point vhere full life of such
pavements cannot be secured. Another form of nor-rigid base
widely used is known commonly as '"black base, ™ bscause it too is
a bituminous concrete mixture, designed on the same principle as
an asphaltic concrete wearing tourse, but usually with less care
and attention to the theory. Such black bases should te at
least 4 inches thick under favorable conditions of soil and
clinrate, and are much improved by having a subbase of gravel

or stone 4 to 6 inches thick. Then the black base may te re-~
duced to a 3-inch thickness.

When sheet asphalt or an Amiesite mixture is used it
is almost universal practice to introduce a binder course btetween
the base and the wearing surface. This binder course is almos$
jidentical with a black base in composition and serves to provide
an even surface on which to place the wearing course, reduces
the needed thickness of that course, which is a more expensive
mixture, and binds it firmly to the base. VWhere a bituminous
concrete contains larger stone particles than a sheet aspaalt
or Amiesite it is not customery to intrcduce a binder course,
because such tops may be laid thicker than the fine mixtures
and thus a single course cen be made sufficiently statle to
resist movement under the effects of traffic. ‘

Typical designs with dimensions are shown herewith,
tut these types lend thomselves freely to combination in a
variety of ways %o accomplish the salvaging of former surfaces
and the conplete possibilities of design can only te suggested.
Typical formulae for a mumber of mixtures are also given. These
*are subject to some adjustment to meet the characteristics of
local stone and sand subpplies.

Bituninous concrete must be prepared and laid with
great care. The ingredients of the mixture must de preportioned
Yy weight and thoroughly mixed after drying and heating. The
temperature at which it is laid varies somewhat, but in most
cases should be from 20C° to 325° F. on the road. The spread-
ing end rolling must be done with great care, and thc fullest
rossible compression should be obtained.
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The construction of bituminous concrete has developed
a great varlety of equipment consisting of large stetionary .
plants, portable plants, spreading devices, rollers, and miscel=-
laneous hand tools. This class of surfaces is susceptible to
repair, and other machinery is required for such work, among which
the surface heater or "burtle back" heater is today almost indis-
pensable where a large amount of repair work is to be done.

The use of bituminous cancrete is especially to be
recommended in a continuous series of construction esnd salvaxing
operations, as the last or final surface. It is alwars possible
to use an old base, or old road surface as a base for this kind
of work, provided the 0ld material is of sufficient depth,
thoroughly compacted and stable. By means of "black base™ or
binder course, irregularities in the old surface can be removed,
either by local patching or by laying a full course, On this a
wearing surface of bituminous concrete can be laid. Practically
all old road surfoces, even if badly worn and irregular, may be
salveged as part of & new design for o bituminous concrete, and
this pavement in turn has a long life and is susceptible of
extensive repairs when necessary, so that it is a satisfactory
type to use as a final wearing surface regardless of what may .
have preceded it, :

Before leaving the list of bituminous concrete types,
reference should be made to the combinations of rock and native
bitumen which occur in nature and are commonly kmown as rock-as-
phalts., These consist of a sandstone or limestone impregnated
with asphalt and found in ledges sometimes of considerable thick-
ness. The per cent of bitumen existing in the combination varies
from amounts inadequate to-act alone as binder, to a quantity so
large as to make the use of the material impossible until additional -
stone is added. These materials are usually characterized by the
exceedingly intimate mingling of the asphalt with the particles of
stone. In the sandstone type every grain appears to be completely’
covered; in the limestone type the very rock aprears to be im—
pregnated with the bituminous material. No doubt this condition
is the result of great pressure at the time of the geological
formation of the deposit. »

The rock asphalts can ordinarily be used either hot or
co0ld depending upon the amcunt of dbitumen present, the additional
fluxing bitumen that may have been added, and the thickness to
which the material is spread and rolled. They can be handled
and adapted to cross section designs, either in original construc-
"tion or in salvaging processes rmch as bituminous conc'retes are
used. They are especially valuable in salvaging opera:ciorlls.
Should deposits of rock asphalt be discovered in any Spanish-
American country, care should be taken to developAthe supply for

"road building purposes.

Portland cement concrete pavements are no doubt at tche
present time receiving more favor for rural highway construction
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than any other type. In spite of certain defects that appear
to be inherent and which certainly have not yet been overcoms,
th%\s type appeals strongly to the engineer because of its
homogeneous character and the conseguent fact that it can

be handled in design with greater precision than any other pave-
ment moterial. It is consequently on this type of pavement
that most studies have been made rolating to the effects of
impact, of passing loads, of strain distribution and of the
effects of subgrade conditions., As a recsult this pavcement has
been set up, not so much as a standsrd, but as a unit with
wvhich other pavements are comparcd to determine their relative
ability to carry certain given loads.

Cement concrete pavemonts hgve passcd through a some-
what remarkable change in design within the last six yoarsa.
Formerly constructed with 2 ocnter thicker than the edges,
they are now very gonerally built with a thickened edge. This
chango has resulted from the mathamntical analysis of Wester-
gaard of tho Burcau of Public Roads and from thc ‘experimental”
roads tests made at Bates, Illinois and Pittsburg, Ceoliforniaa
The Bates cxperimental studics produced the formuls proposed
by Mr. Older of the Illimois Stato Highway Commission for
designing a concreto pavement cross-section. The formula for
the cdge thickness isi

d=/_3% and for center thickness,

s -
wheredﬁ= the wheel load, and

s= 1/2 the modulus of rupture
center thickness in inches
d= the edge thickness in inches

Those formulae produce designs usually referred to as
9-6-9, 9-7-9, 10-8-10, etc., and ore typically shown in the
cross-section reproduced herewith. It is quite possible to
design a concrete mixture according to the water-cement ratio
theory and thus, having detérmined the strength of concrete
that will result, the assumption of strength can be made accord-
ingly in the Older formula and the pavement desigued. Tb other:
type of pavement can be controlled to any such degree.
* The continuous and fruitful studies that have been rade
of concrete mixtures during many years indicate that good concrete
can not be produced by careless methods. . There is a pronounced
movement current to change from the method of proportioning by
volume to that of proportioning by weight, and this change,
which was recently recommended by the Committee on Standards of
the American Assoclation of State Highway Officials maris a
distinct advance in the control of concrete work of all kinds.



Heretofore the prevailing mixes used for concrete pavement
construction have been 1-2-4, 1~2-3, or 1—1—1/2—-:5. The new
methods now coming into use, which recognize the bulking of
damp sand, the shrinkage of conrsge aggregate, and the effect
of the water-cement ratio, do not permit using a constant mix
for all conditions even on a single job. The engineer must
study the materials used and design a mix to produce the
desired result. As in the case of bituminous concrete mix~
turées, a. full discussion of this development of theory and
‘brgctice in connection wi th cencrete would carry us f2r beyond
the 1limits of this paper, and the reader should sesk such
information‘ in the technical reports which are available,

Vhen first built, concrete vavements were considered
really monolithie, but it soon became clear that a concrcte
slab will crack in spite of any means we have so far been able
to devise. In view of this inheremt characteristic we now
usually build a road as a series of slabs, which ake formed
by inserting joints. Good practice indicates that a conter’
Joint shall be tuilt in if the pavement is 18 fect or more in
width, and it is now recommended that in 3.and .4 lane pave-
ments thé longitudinal joints shall be 10 fect apart, sepsrat-
ing cach pair of traffic lanes. Dowell bars or other suitable
mechanical means should be used to prevent such J6ints from

slipping. v :

When a concrete pavement is built of plain concrete, and
no attempt is made to reinforce with stecl, transverse joints
oxcopt for construction purposes may be omitted. But if the
pavement is reinforced with steel mesh or bers, thése should be
discontimious in 60 foot lengths and defihjte provision made
for transverse joints at 60 foot intervals. -Tho longitudinal
stecl should be carried across the joint, or Dowell bars.
provided for that Hurpose, and such stcel should be tight onm
one side of the joint and slip in the other to permit of a
certain amount of contraction, - From 40 to 60 pounds of ste'ael
per Square yard are commonly used to reinforce ths slabs which
are, in a 20 foot pavement, 10 to 60 feet in size, :

As already indicated, the concrete ravement is not' the
final pévement because at present it is not adaptable to i
convenient repair with concrete. Fortunately it does nc?t; or
at least should not require much repair, if properly built and
in the future no doubt it will have a longer life thz?n .1.;he
averzage heretofore attained, But when the paver_zzent_l-s in need
of minor repairs, these can best be made with bltumn.aous
materials., The use of alumnite and other quick setting cements
may furnish better methods in timeé. Vhen a corc rete pavement,
for any reason, becomes bgdly broken up it may be salvaged by
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placing upon it a bituminous concrete top or wearing course.
In some instances a second course 6f concrete has been laid
upon the first. The joint is waterprcofed with a heavy paint
coat of hot tar well broomed on, and the new top is laid about
4 inches thick and reinforced, Relatively little of this
latter work has been done.

Concrete does not adapt itself to the salvaging of other
pre—exlstmg surfaces to any great extent., It is rarcly if
ever economical to recover gravel or stone in the existing
road for use as concrete aggregate; usually the most that can
be done with such material is to grade it out flat and roll
it down to strengthen and improve the subgrade, or to brush
it aside with a grading machine after thoroughly scarifying it,
and use it as material with which to duild shoulders against
the concrete pavement, The maintenance of the shoulders
immediately adjacent to a concrete surface is generally diffi-
cult, and the use of 0ld grave} or stone that may be available
as salvaged material for constpucting heavy shoulders is
thoroughly wo*th while.

Before passing to a consideration of brick and block
pavements, attention should be given to some of the designs
into which bituninous concrete and Portland cement concrete
are wcrked in connection with reconstruction or with the
advancing in type of certain classes of lighter roads,

Cne of the most serviceable unses to which concrete may
-be put is to the construction of curbs ¢f three general
designs in connection with the widening of old gravel, water
bound macadam, bituminous macadam, or bituminous concrete
surfaces. Tho line end grade of the new surface must, of
course, be adjusted to develop as much of the 0ld as possible.
The curbs are then constructed in proper position., They may
teke thé form of a marginal curd to be flush with the ‘top
of the hew pavement, they may be two or three feet wide and
flush with the top ¢f "the new work, or they may be of varying
width, according to the widening done and be at such an eleva-
tion as to unite with the old base to form a wider base, over
which a complete new wearing surface is laid. These fomms of
reconstruction are best shown by illustrations. After the curbs
or edgings are laid the o0ld surface is repaired, now base laid
if nocessary between the old base and the curb and all the old
and new base between curbs is then covered with bituminous
<concrote. The elevation 6f the new curbs is usually one inch
below the preposed elevation of the new center, and dy this adjust
ment it is possidle to reduce and re-shape the crovm c¢f the new
road to confocrm to modorn practice regardless of what crown
previously existod, A variation of this reconstruction produces
a duplex road, usually a three lane road, having two outside
lanes of concrete and the center cf what remains of the old sur-
faco, treated with bitumen in some form, An illustration of such
a road and a sketch ¢f the cross-scction are shown.
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The third general type of pavements to be considered
is brick or block. The principles of construction are the
‘'same whether brick, granite block, setts, durax, or other
form of bdlock is'useds In every case the block should be
considered as a surfacing material, and an adequate base must
be prepared. FPortland cement concrete or other forms of base
construction arec used. The base can rarely be finished so
smooth as to receive the blocks directly and if it could be
the slight variations of the blocks themselves would require
that some provision be made to take up such irregularities.
Accordingly on the base a sand cushion is spread averaging
one inch thick. This cushion has varied considerably in
brick designs from time to time. A mixture of sand and
Portland cement, plain coarse sand, stone chips, slag chips,
and a mixture of sand and bituminous material have beon used.

At one time the proponents of dbrick pavement advocated
what was known 28 nonolithic construction, in which a sand-
comont cushion was used and the brick after boing placed and
rolled, were heavily sprinkled with water and the joints
between the blocks were then carcfully grouted with a rich
creamy grout of fine sand and ccment, This type of brick
construction was nover entirely satisfactory and under motor
traffic which does not wear brick appreciably the block was
not subject to any salvage. It has been found if the brick
are so laid that thoy can be removed, that their salvage value
is high if for any reason the pavement becomes distorted, or
has to be widened or rebuilt.

The block are, therefore, according to present day
practice, laid dircctly on a sand or sand-mastic cushion,
rolled and culled and then filled with a specially preparcd
filler of bituminous material. This serves to seal the pave-
ment water tight and hold the block in place.

Where an old road furnishes an adequate base, brick
may be used as a new surface and it thus provides a satisfactory
step in the secries of stages through which many miles of a woll
planned highway system may pass. But brick should not 'bq
placed on any non-rigid base less than 8 inches thick! and in
general any base for brick should be equivalent to 6 inches
of Portland cement concrete.

The only other’ block pavemont that need be considercd
hore is granito block, sometimes called Belgian block, from the
country where they wore first used, Granite block is ?erhaps
the most costly of all pavements, and for that reason is rarely
used in the United States on rural highways. It must bo con~
gidered as a surfacing material, and should be laid so as to
be susceptible of salvage., Many miles of old block have boen
taken wp, recut and relaid in American cities, The goneral
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design resembles that of a brick pavement having a concrete ox
other suitable base, 2 sand cushion usually one inch dccp for
recut blocks, and the blocks laid with a bituminous filler.
Occasionally thcy arc still laid as of old with tar and pcbble
filler, and somctimes with a cement grout., The latter practice
prevents any future salvage of the blocks,

~ Any form of block pavement may scrve as a basc for a
bituminous concrete when the blocksbecome so worn as to be no
longer satisfactory as a Surface. ‘

In concluding this series of papers on laying out and
constructing a national highway system it may be wcll to
emphasize the point of view teken throughout.

No country can bogin such an underteking in thesc days
without carefully considering traffic demands, Present traf-
fic in some localities prohibits the economical use of some
types of road that were in gonoral use beforc the advent of the
motor vehicle. Every piece of construction should be planned
with an eye to tho future and to the possibility, indecd to
the probability that a betterment of type will be roquircd,
The advantages of permanent line and grade should be develcped
always, even on tho first and chcapest work,  Local material
supplics should be studied and dcsigns made to utilize such
materials. Roads should be built only to the extent, and
cf such types as will pay for themselves, Sound economic,
financial, and technical principles should prevail over the
cxigencie$ of transitory political conditions,



AMALYSIS T
SHEET _ASPHALT

Binder Course,
Possing 1 inch and retained on % inch screen

" % woon " " 10 mesh sieve
" 10 mesh sieve

Sand for wearing surface
Total passing 10 mesh sieve o
”

" 10 "  retained on 40 mesh
Passing 10 mesh, retained on 20 mesh
" * 20 " Y " " 30 11
n 30 114 ’ " " 40 "
1" 40 ” ’ " 1" 50 "
" . 50 17" ¢ 11 . 11 80 "

Total passing 80 mesh, retained on 200 mesh
Passing 80 mesh, rotained on 100 mesh

n 100 n ’ " n 200 "
Total *"200 :
Mincral fillex N

Asphaltic comont

15-65%
20~50
15-35

100%
12~-50
2-15
5-15
5-25
5-30
5-40
20-40
6-20
10-25
0-5
- 6-20
9%-15%
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ANATLYSIS 2
COARSE GRADED AGGREGATE BITUMITOUS
COITCRETE
Coarse Aggregate :
Passing 1 inch scrcen, not loss than 95%
Total passing 3/4 inch screon 25 to 75
Rotained on 4 inch scroon, not less than 85
Chips for Scal Coat . .
Passing % inch screon, not loss than 95
Retained on %+ inch sorcen, not less than 85
Fine Aggrcgato ,
Passing L inch screen 1003
Total passing 40 - mesh sicve . : 30 tc 70
Retained on 200 - mesh sieve, not less than Q0
Pcnetration of Bituminous Material ' 60 to 80
Composition of mixture . ,
Coarsc aggregate 45 to 6C .
Fino aggrogatc 25 to 40
Mincral Filler 3 to b

Asphaltic Ccoment 6 to 8



ANALYSIS 3

FINE GRADED AGGREGATE (TOPEXA TYDE)
BITUMINOUS CONCRETE

T e e o mam s e e

Coarse aggregate

Passing & inch screen, not less than . 95%
Rctained on %+ inch scrcen, not less than o 85
Fine aggregato
Passing 1 inch screen ©100% .
Retalned on 200 mesh sigve, not less-than . - 90 -
Compnsition of mixture
Paf-'.qmg fmeh and ratained on & ineh screon - | 57-10%
L Tw w7 w w10 - moshsieve. 11-25
1" 10 __moshc " »"_. 1" 40 ” P | 7._25
" 40 " " L] " 80 " . 1 11_56
" 80 " " " "200 H n 10_25
1.200 " sicve : s - Bl

Asphal tic coment =11



AMALYSIS 4

PYPICAL WARRCHITE BITULITHIC

Passing 13 inch, rcteined on % inch screen 30-60%
3 " " 4 mesh scroen 15-25 -
" 4 mesh " wyp v n B_15
o110 20-35

That part passing tho 10 mosh sicve when tested sgparately
shall have the following grading;

Passing 10 mesh, retainecd on 40 mesh sicve /  15-40%

" 40 " " " 80 n " 22_55
L] 80 " " ”" 200 ”n 11 15_40
"o200 " 10-15

Asphaltic Comont 8-12%



COST REPORTS FOK FIELD ENGINEERING

————

In the execution of engineering work it ispsually necessary
to delegate certain authority to field engineers, These men work under
instructions given them by superiors who have plannéd the undertaking,
and designed the details, The degree of authority that the field en-
gineer has varies with his position and his duties, In the building -~
of highways the field man may be in charge of surveys or construction,
He may be making recomnoissances, running locatioa surveys or bench
mark levels, setting grade stakes, or he may be a resident engineer in
charge of construction, In any case he is working under certain general
instructions that insure that so far as his partieular activities go
they shall produce results in harmony with the proposed plans,

It is not always possible for the engineer in chief to follew
the work in detail each day, and that official has in all probability
several operations going at the same time as well as office duties that
demand his attention in connection with other projeets that are in the
formative stage or are being designed, To maintain that close contact
with the ,various field operations that successful and economical work
demands is always a problem that requires a certain amount of attention,
This contact must be rRinteined by occasional visits to the field and in-
spection of work, but these visits can at best be made at irreguler and
infrequent intervals and at other times the chief must rely on some mne-
thod of field reporting by his subordinates that will give him constant
end consecutive information of what is going on. The progress of the
work and its cost are the elements by which the competent chief judges
of the mdequacy of his subordinates to accomplish the details assigned,
and the occasional inspections determine the degree of precision an
technical skill with which the work is accomplished. '

To secure the necessary réports of field coperations some simple,
clear, flexible and at the same time sufficiently comprehensive methcd
should be used, The reports must be as nearly as possible uniform and
adapted to rapid analysis in the head office, They must be suitable for
reporting a considerable variety of operations and furnish Satisfa?tory
information for determining unit costs if a system of cost accounting is

in use,

Many such systems have been devised and are in use today, In
fact, the differences of opinion among engineers with respect to the
items end form of cost accourts have doubtless made any fixed practice
difficult to establish, Each engineer thinks his method is the best,
end no doubt it does suit his particular needs well enough to mak? him
resist any change of system, Frequently the laws governing the fiscal
operations of the state or province require cemtain forms of accounﬁs
end any method of reporting field expendifures must be gdapted to &£.0W-

ing the necessary .information for such records. Aftor all, these nat-
tefs are detailsybr analysis and should be considered quite apart from

the actual field reports, If these show what is done, wﬁcra and whcn it
is done, and who was engaged in doing it? the analysis of costs in the
head office can ‘then take any form that is Gesired,
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A svstem of field reports used on a large variety of
highway work with entire success and satisfaction is described
briefly in this paper. The field report consists of a single
form for 8ll surveying and construction, and another single
form for all subsequent maintenance operations. The first form,
on any single piece of work, is naturally dlscarded when the

time comes to use the second,

The two forms are shovn herewith in Figures 1 and 2,
The first form, it should be noted, is always used by a man
competent to keep records and set down facts intelligently,
The second is for use by workmen who freguently can do little
more than write, but who know how to do certain necessary work
in the way of road repalrs and maintenance, »

Figure 1 is for use by surveymen, chiefs of party,
resident engineers, inspectors and engineering subordinates,
and provides for a daily record of all operations, A concrete
case will explain its use.

At the end of each day's work the chief of party or
other field man in charge of certain details, makes a report of
8ll operations conducted by him that day. He may have a bench
mark party of two setting permanent or temporary benches; & lo-
cating party of eight including two exemen; a level party of
three; and a crcss-section party of three. He should use a sep=-
arate form for each separate party, filling in the several forms
so that all work done shall be covered, all expenses accounted
for, and the personnel employed shown, His own time, spent as
front rodman of the -locating party, may be charged entirely to
the location survey or distributed as his judgment dictates,
Sample forms made out for the locating party and the cross-sec-
tion party are shown in Figures 3 and 4, In all, four forms
should be used for that day's work and the total cost should
check the total of the four cards. If the survey party operaies
from a camp, which is maintained with cook and helper, a sepa-
rate card should be made out for camp clarges or the cook and
his assistant may be distributed smong the several parties.
Similarly, if transportation has to be used, the items for this
may be separately reporited or distributed among the parties,

The manner of reporting camp and transportation costs should be
covered in the instructions to the field man in charge; and these
instructions will depend on the desired analysis of survey ex-
venses.s It is well to note that if the items are separstely re~
ported, the field-man does not have the bother of prorating such
costs against the several parties operating and elso that the
head office 1s then free to make any distribution it finds nec=-
essary, In making out the report the chief of party may enter
the time only of each employee, leaving the head office to ernter
the rates of pay and the total day's charge. Or the field msn
may enter the entire record assuming he has been furnished with
the necessary information regarding the rates of pay of &ll emw-
Ployees, and bring dovn the total cost., Usually in such parties
some men are employed directly by the chief of party and laborers
like axemen may be frequently changed, So that in some cases no
one but the field engineer knows what the rate of pay is,
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The gaily report forms way de post cerds already addressed to
the Chief Engineer at the hoeh #ffise, or they may be made up inm
booklets so that tiiey tan be torn out. 1In any case they are all mmiled
to the head office daily and sre there entered on a sumvary form lile
Figure 5. This summary may be made to carry a week's or month's re-
cord and it should check with the entire cost of the field work for tha
period. It can be used as a check against the pay rolls, and can be
taken by the bookkeeper for use in making up any desired set of unit
cost accounts that the head office is in ‘the habit of keepiag, It is
unfortunately the headings for these office cost records that are in
disagreement among engineers. Sone common examples of details over
which there is notable disagreement are interesting:

In new highway work it is often necessary to run trial lines
before the finel satisfactory locctiom is fixed. The topography may
require this, or it may result from difficulties over rights~of-way,
Shall all the cost of trial lines and final line be chsrged against
the final location survey, or shsll only the cost of the final line
be charged? Shall bench levels, which if accurately run are a pert
of the general control of the area for many engineering and survey
purposes, be charged against the cost of survey for the highway or
not, or shall a part be so cherged, and if so, what part? Nobody
knows$ there is no fixed custom and each chief engineer mst determine
for himself what he will do., Sometimes the laws direet him what to do
and he must compile his cost accounts accordingly.

This form of field report may be used for all succeeding work
of surveying and construction, The final construction survey, setting
slope stakes, measuring quantities, cross-sectioning borrow pits, take
ing ¢heck levels may all be reported just as the several operations
connected with the originel location surveys.- “hen cansiruction.is .
started the resident engineers and inspectors can use the same form
of report with such headings as may be designated by the chief gngineer
to cover the operations of building a road. Clearing and grubbing,
grading, pipe culvert construction, concrete structures, }aying base
course, laying top or surface course are suggested as typlcal-heads
under which the work may be classified, The chief engineer will se-
lect the headings adapted to the work being done, Eample forms are
showmn in Figures 6 and 7 for grading and bridge constiyuction.

The classification of operations in this manner has o?ly one
relation to cost accounting and to unit cost accounts it ?urnlshes the
information of field operations of all kinds in sueh detail that any
reasonable accounts can be built up from the field record.. But it is
t0 be noted that this method of field reporting does not fix or desclde
what forms cost accounting shall take, There exists the greatest pos=-
sible variety among such accounts as they have been deYeloped and are
in use today, In the United Statesdherq highway building has advanced
with great rapidity within the last ten years there can hairdly be+saidt
be yet any standard practice with regard to such.accounts. The maute;
is at present, however, under the closest serutiny and some standariizel

system will doubtless be adopted in the near future.



- 60 =

Whon construction has been earpleted and tho highway
hae bocn placed under maintensmce & eomevhat difforont condi-
tion exists, and the form represerited by Figuro 2 is thereafter
use\d in reporting all maintenance operations,

Maintenance will be under thc general supervision of
some engineer official and there may be district or division
engineers in chhrge of large geographical arces., But the .actual
work of maintenance will be done by potrolmen or by laborers
working in gangs under a boss and either the patrolman will make
his own daily individual rcport, or the boss will report daily
for the gang. In cither case, tho clerical work must bo reduced
to a minimum and it must be of the simplest sort,.

These men never should have authority to hire or dis-
charge laborers; a2ll such duties should be rescrved to tho engin-
ecr in charge of the district. Conscquently, it is never ncces-
sary that the salaries or costs of matericls bo known to the
field maintenance laborers. It is necossary only that the amount
of labor in hours and the quantities of materials uscd moasured
in customary and familiar units, shall be repcrted, The values
in moncy can be added in the head office, where rotes of pay of
all labor ond costs of all materials are known.

A patrolman, therefors, reporting only for himself,
indicates by numbers in the proper column the hours he worked at
the indicated opcrations. Such a report card is showa in Figure
8., The total hours must check with the full work day. If rain
prevents work the hours so0 lost should be indicated and the
word "rain" entcred as shown.

If tho boss of.a gang reports for his men and himself
he uses thc some form and gives the total hours of work devoted
to each items The total should check the product of the men times
the full work day. DMaterials used in maintcnance opcrations arc also
to bo reported as indicated in Figures 8 and 9, and to accomn»lish
this oasily oach patrolman or gang must be furnished with a pour-
ing pot of known capeacity, if bituminous materials are used, and
with a cubical wooden box for measuring small quontities of grav-
el or crushed stonc uscd in making minor repairs. If carts or
trucks arc usod by the gongs those should be measured by the en-
gincer and marks get at difforent levels insido so that the boss
may ecasily determminc the largor quantities of these matecrials |
<hat may be hauled and devotcd to maintenance worke

The d2ily reports from tho patrolmen and bosses are
sumarized on record forms in the district ongineer's offico and
tho costs assigned. The daily cards will determine the lecation
of tho work and tho summary sheets can be made to cover a consider-
able mileage of road, thus preventing & large or dbulky sct of
records. Espceially where maintenanco is performed by gangs of
laYorers working together the soctions assigned to 2 capatez and
his gang may be 10 to 15 kilomcters in 1longth. Scvercl such sogw
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tions may be surmarized on & single sheet, A patrolman can
eare for 1 to 5 kilometers dependipg on the type of surfacs
and thke rainfall, His reports can be similarly grouped.

In all the summary sheets only the total cost figures
for each item of work are entered., All the de%ail is omitted but
will show on the daily reports which may be preserved as long as
considered desirable, Sample summary sheet for maintenance is
shown in FIgure 10.

The forms and methods of field reporting herein des-
cribed have been in satisfactory use many years in a large var-
iety of road work end have been tested in hard serviece, They
have served their purpcse well. In one instance very ecareful
and accurate records of costs on experimental roads were needed
and this system of field reports was used continuously for two
years and a half while the research work was under way. The
results were satisfactory in all respects.

In using the reports the chief engineer must himself
determine what information is to be compiled from them and see
that the supplementary office data are availabvle, One such
detall, for instance, concerns the unit prices to be charged
for materials renorted used by the patrolmen and gangs., On a
surface treated macadam or bituminous macadam road, bitumen and
small crushed stone or clean gravel will be required for routine
patehing. These materials will be purchased and deliveréd along
the highway at convenient intervals. The cost of such materials
thus delivered will be known to the district engineer or other
official in authority. This rate will be charged for the material
as it is used and eventually the total, less certain waste or loss
will be accounted for, But before all this stock is gone a new
supply will have to be nurchased and delivered. The cost of this
material will be different in all probability from the cost of
the first lot, No attempt should be made to distirguish between
the two lots stocked along the road, and the patrolmen should
not be confused by any instructions to report their use separatgly.
The head office or district office simply adjusts a new unit price
for each material based on the value of the old material on hand
combined with the new material delivered. For instance, 6,000.
gallons of bituminous cold patching material may have ?een deliv-
ered in barrels along a piece of highway 2t 20 c§nts a g?llon.

nis is the priecc used at the head office in making up ta§ sum-
mary sheets showing costs of materials employed in maintaining

the road, Then there are still 1,000 gallons on hand aloqg the
road, a second supply of 4,000 gallons is ordered and dellYered
at a total cost of 21 cents a galion, The total cost of bitum-
inous material on hand will be 1,000 gallons at 20 cents, or
$200.00, and 4,000 gallons at 21 cents, or §840.00, a total of
5,000 gallons costing $1,040,00, or 20.8 cents a gallon, This
new unit price is then used until a new stock requires a further

adjustment of price.



Exactly this same method is used in setting up the
ugit prices at wlich each other material shall be charged as
it enters into themaintenance work. From time to time the re=~
maining materials should be measured up and checked with the
record to see whether the wastage has been excessive or not
and to ascertain to a degree whether the patrolmen are care-
fully revorting, Thkis check ordinarily should be made twice
a year for expensive materials and once a year for cheap ma-~

terials,

: A chief engineer faced with the responsibility of
spending annually a considerable sum, throuch the labor of a
scattered force, and  the use of large gquantities of materials
in small units and equally scattered can only discharge that
duty intelligently and properly when he knows within a rcason-
able administrative margin where and how the laber and mater-
ials are employed, Some simple but definite method rmust be
resorted to to secure the information, and the method must
include to some extent checks that will serve to control its
accurate working, The method described and the forms shown
are submittcd as a practical example of whot can be done,

The experience of the cenginéer wanting some such device will
suggest to him variations to meet his peculiar nceds if such
exist,
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FIILNCING A MAQINTAL HICHWAY SYSTEM

The financing of a Mtional Highway Systom should be treatod
fundamentally as a matter of taxation. Unless roads and bridges
are built as toll structures, in which case tho procceds from their
use arc applied to interest, maintonance and rctirement of the ]
original cost, the total cost must in the cnd be derived from public
texes, Ve arc not concerned ot this time with toll structures and
are to confine our consideration of the fimancirg to o svstom of freo
roads and bridges built for the goneral use of the peoplc. o

No comprchensive study of taxation for highwey purposcs hes
been mede by any authority recently onough to cover the most import-
ent developments of the past two dccades in highway coastruction.

It is not possible within the seope of this yeper to do nmorc than
discuss bricfly the proscnt trond of public practice and suggest the
goneral principlos inlicated by it with some reasons for consicering
those indicated principles 2s sound or unsound.

We have found the motor vehicle to be the determining censid-
eration in discussing a goneral highway program and the detcils of.
road dosign. Similarly, wo find thet the motor vehiclo has become
tho principal rccogmized source of public income to fimance the
highways domondod by its ovm usc. But this is not tho only source.
Road tax¢s arc obtained also from: S
' (1) Dircet rcal property tax.

(a) Genoral tax,
(b) Special assessments,
{2) Direct personal property tax.
(3) Whoel tex (occupztional tex).: .o
(4) Miscellancous taxcs which roach the highway fund
by transfors from gencral state or notional funds.,

Thoe rcal problem in highway taxation is.mof so much to
discover cdequato producing sources of revonue, but rethor to
osteblish the proportion which each of thesc. sourccs should proporly
end oquitably contribute toward the total highway budget. The
problem is an involved one, many detoils are indeterninate, and
no expansive study has ever beem made to solve it on & scund ]
oeconomic basis; but the gencral trcnd of adninistrative aad Z.I.cglsla-
tive action in o large number of individual casos scrves to indicato
some grouping of the sources of taxation thot cppears roasgs:.blo.:
just, financially sound, and usually sucqossi‘ul_b_oyond ant1c1pz:-.t‘1z-)n.
The principal question involved is to ostablish whot part of highway
costs shall be carriod by real proporty, how far the motor vohlc]:o
end gasoline taxes should bo devoted to comstruction, tc.: wnz_zt cxtont
theso should be confined to maintenance, and what reletion if any
should be mrintnined smong thesc and other possible sources as
cloments in the highway fund of the nation.
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For our purpose it is perhaps unfortunate that we have &9
the mast productive field of example the United States, where motor
registration is at present so large, ard wnere &n unusually well
distributed purchasing power and a rapidly advancing highway program
have caused & notable development of this source of revenue.
Unquestionably, no such repid increase in actuzl number of mctor
vehicles can be expected in South Americen and Centrzl fmerican
countries, There the number of motcr vehicles is not now lezrze
relative to that in the United States, and extension of the regis-
tration probably depends on a development of a wider purchasing
power than now exists, but this condition is only a temmwcrary one
and will be corrected in time., How fast the relative incresse will
be remains to be seen.

Assuming the possidbility of a resphoasive and flexible
highway building program, it is uadoubtedly true that autormcbile
registration is limited only by population and the ability of the
purchasing public to buy. The rate of increase cf registratiom is a
function of highway improvement, esch one reacting directly on the
other. Ileither highway construction nor the automobile industry is
the cause of the other. The demand for easier sud cheaper communi-
cation in the common cause. But there is a reciprccal reaction that
is going on all the time, if we are to accept the exrerience of the
United States, which is the cutstanding example of large registration
and a big program of modern road construction. The autcmobile was
made practicable and used on existing city pavements, Attempted
uses of the country roads at once developed an inteclerable dust
nuisance and accelerated wear, The dust was laid and the recad
surfaces protected. MNore automobiles began to use these improved
roads adjacent to the large tcwns and cities. Their use and radius
of operation increased, more mileage was improved, until this cycle
reached encrmous proporticns, involving an increased registraticn
in one year of 2,852,000 motor vehicles and the construction of at
least 21,850 miles of surfaced road.

Today in the United States this cycle can be seen in diff-
erent phases of its development. There are states with a large com-
rleted and commnected mileage; there are states with no transstate
routes yet entirely improved, There is one state £t least whose
capital city could not be entered over a paved recad in 1926, But in
that state the locsl improvements, the extension cf the improved
mileage in and immediately adjecent tc’ the half dozen cities of the
state and the numerous large towas, have been accomponied by a nota-.
ble increase in the use of motor vehicles,

It is ressonable, therefore, to cite & parallel between
rresent Latin American conditigns.’and conditicns as they existed in
the United States in' the earlier years of the automobile. Subsequent
extension may be slow c¢r rapid in the South American fisld, but expo-
riences may be expected to run closely rarallel with those ¢f the
United States ir the directicn of economic effects, The present
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registration there is already sm{ficlemt to create a demand for ro2d
irprovement, the imrrovements made will react on the registratien,
reising it as rapidly as purchasing adility and porulation growth
permits. This latter will follow the general prosperity of the
countries, and rozd-building has a sustained history of zlways promot-
ing prosperity bYv improving communication.

Ve find that revenmues for road building are obtained from
several sources, the comnonest of which are direct real roperty
taxation, and direct taxes on the motor venicle and on the fuel
used. /e shall accept as generally established that these forms are
‘the comonest, the most -roductive, =nd have becore, throush a certsin
experience, the most acceptatle under an adnittedly rapid and extensive
highway develonment, like that inm the United States., Errors have been
made in the metiod of application and in the cdetails of distriduting
the tax. Improper nropertions of the cost of road building have been
assigned to one or the other of thess cormonest sources of revenue,
but the taxes so levied have been gernerally adequate, essily and ecc—
nomically collected, difficult to avoid, flexible in application, 2nd
acceptable to the generzal motor operating publie. hen the rovenues
produced heve not sufficed for such an extended or rapid »rogram of
construction as desired, increase of the rates has been accepted and
in some cases even demanded in comection with definite pians for
increased building activity.

We are concerned in determining what are the principles behir
the drift of current practice as displayed in the large financing
operations current in the Umited States. :

Any developed area must inherently be economically capable of
providing for its own immediate transportation demands. The only
possible exception to this would be an area absolutely self-contained
and requiring no corwunications. 4 single ficld on a nlantation r?ust
carry needed fencing charges, as well as cultivation ciarges, Or it
can not be operated economically and hence can not be t}eve10ped. In
exactly the same way it must cerry its own transportatlon‘charges,- :
to the stage of road improvement satisfactory for the transportation
demends of farm land, These may involve nothing better than a simple
dirt wagon road from the field to the plantation entrance, or to the
adjacent public highwey. A group of plantations rgust 51m11ar1y-be e}ble
to carry their own noeds for transportation and lines of corrmniceticn,
An agricultural or other developed area, be it city, town, subt;rb. cr
country side, must carry the same costs as a direct charge against the
operations of developed business in that area. On the_other haund, §uc]
areas can not oroperly be called upon to do more. A single 1?1antat10n
may be served adequately by a dirt ros-zd_, wall graded and dramed._ A
fertile valley with a large number of Yrosperous rgnche.es may require
nothing more than 2 gravel road. A cify will require its paverfxent_s!
curbs, and gutters. Tach should carry the chargo for what it indivjdu
needs. It is not sound to burden local development w:_‘xth a heavieor
charge for transportation than this minimum which is indispensable.
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The local traffic whieli $ets 4 satisfactory minimum of #dew
quate ;mproveﬂent is not, however, the only traific that exists. TFor
each area produces not only local trafiic, which is necessary to and
remains identified with the localizel business operationg of the region,
but it produces a certain amount of traffic that flows beyond the
boundaries of the more or less clearly definied local area. ZEach
region, therefore, not only has a local traffic, but it produces for
some contiguous regicn a foreign troffic, and in turn receives from
contiguous regions a traffic foreign to its own requirements. This
traffic, which is hore referred to as foreigs in a purely relative
sense, has little relation to the develorment of the local areas other
than that one in which it originates. Cities scnd & heavy traffic into
and across some poorly developed country side. The distant rural
sections send little or no traffic into the cities, - Some cross roads
carry practically none but a very limited loccl traffic, cthers carry
little more than the accwmlation of local treffic in larger but stil]
limited and well defined areas, €tiil other highways clearly fill a
dual purvose in v»roviding a local roasd and an artery for distant
commnication.

The existence of this so-called foreign traffic has come about
because the radius of highway transvortztion has been lengthened by

the new type of vehicle 4n use. During the time when horse-~dravzm ®
traffic prevailed, at least durirng the railrozd era, the foreign
traffic as here understood never existed as an economic factor in
the system of communications. Busincss creates it, but does not
account for all of it. TFleasure and convenicnce arec responsible
for a large part. :

A further indication that rcal rroperty, especially in agricul-
turdl sections, should not be called uprcn to finmance a better tyne of
construction than demanded. by the traffic having local origin im
found in the cxpericnce of some states that hove tried it. The creation
of so-called improvement districts in Arkansas, U, S. 4., comprising
fractional parts of one or more cownties, was for some years a favorite
method of financing highways on the state systems Geonerally the type
of improvement was botter than sufficient to mect loczl rceds. The
real vroperty of the district was taxed to provide interest and sink-—
ing fund, bonds being issucd for comstruction. This practice was con-
tinued until over {:60,000,000 of local irmrovcment bonds had been
sold. The burden was more than tie land could carry. Local opposi-
tioh to the taxes nccessary developed within a few years; in some
cases intercst remained unpaid, and several districts went into the
hands of rcceivers, Finally, the Stote tharough legislative action
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provided for motor vchicle and -gas taxes, assigned the revenue

to the counties to be uscd according to a sliding scale to meét
the charges against improvement districts within the counties,
The rich countics appliced none of these rovenues to bond charges
and the poorer countics applicd from 25 t0:100 per cent of such
revermues to thet ond.  In all cascs tho nroceeds had to be used
cither to carrying the niglway boads or in the construction and
maintenance of roads. In the other states where improvement
district laws arc in forco the cxporicnce has not been so sovere,
but tends in the same direction if resort to those means becomes
excessive. In other cases the texation of land for over-develop-
od roads had led to such heavy burdens as to affect the market
valuc of rural land unfzvorably. .

1t is clear, thorefore, that there must bec some other
source for highway ineomec than the rcal »roperty under develop-
ment unless we impose an undue burden on that property. Bettor
highway facilitics than thosc required by the merc local needs
are dcmanded, It is cqually obvious that this domand flows
wholly from the so-called foreign traffic, with its added
facilitics for btusiness, possibilities of saving in ‘costs, and
gources of plcasure and convenionce. This traffic should ‘be
made to carry the charges incident to its operation. On this
basis wo may turn to motor vchicle revenucs as =z logical,
probably adoquate source for a highway funé to provide the cost
of construction to mect the cdditional domands arising from
forcign traffic,

If properly levied and uscd there is no tox that bears
any morc diroct relation betweon sourcc and objeet than the
motor liconsc fcc and tho gasoline tax. The increasc in rates
on motor vohiclos and the rapid introduction of tho gasoline
tax indicates a wide acceptance of this method of raising
rcvenue, - :

If wo now cxamine the change in the source of highway
rovcnues we shall f£ind an intoresting condition. In 1904 local
bond issucs for highways in the United Statos totallode,OOﬁ.OOO.
ond the carrying chorges werc mot generally from prope?ty taxes.
1n 1909 the tetsl was approximatcly 100,000,600, 2nd in 19})4
it was $286,557,073. In 1921 thorc was a total of $p’l,166,%~4,700
highway bonds outstanding in the United Statos. At that tl;?e
the state highway bonds outstanding were $289,386,500, lcaving
& totel of (876,738,200 in loczl issucs. Here we have a
contimally increcasing loéal indebtedness for higlways. But by
1922 tho stato bonds had mounted to §367,687,100, In 1325 tho
total rcached $626,832,350, and in 1926 the accumulated_total .
issucs wore $620,780,100, In that yoar tho totel state and loca
bonded highway dcbt was approzimately $1,8<?0,000,QOO,- leaving
about $979,200,000 to rcpresent the local issucs.



Tow, it is a fact that in some stotes the counties or
other local subdivisions have been expected to coatribute a
porfion of the cost of stote roads in the locel jurisdiction.
But this has.been a decreasing rather than an increasing ’
practice, at least since 1916 when the Federal Lid Act was -
passed by the Congress and a requirement was mnde that all
funds spent on the TFederal Aid System should bec mode under
the control of the states, ' '

We find that in 1920 the proportion of proverty tox
funds devoted to state roed construction omovnited to 29,2 per
cont., . In 1925 it was 25.4 per cent, In 1626 it had dropped
below 20 per cent. R S '

Vhether this proportion wwill decrease still further
can not be forescen. Certrinly it can not coatinue very much
_farther in view of the very cffect of motor traffic on the -
development of large suburban arecs with heavy increase in
land values, The incrcased proportion of high priced land
will certainly offset thc post teadeney toward a continually
decreasing contribution of the property tax to the rosd fund.
4 similar cffect will flow to o less dogree from rural lands
wvhose values arc incredsed substentially by being devoted to
the production of higher prlced perishoble crops for urban
consumption, '

Howcvor future conditions may alter present tendencies,
these are now clear. The construction of stote ronds has been
getting moro costly, the roadwoy wider and the surfaces more
gencrally of higher types, and the shore of the cost corried by
the local subdivisions has bcon decrecsing and ot the same time
local highvoy bonds have increased stondily. '

This outline of conditions indicctes definite tendenc1c°-

{1) The locol units do unot hesitate to increasc toxes on
property for rond purposcs, .

(2) The roads built with such proceceds arc generally local
end the practice of confining such funds to locnl rocds is
‘inercasing.

(3) The participrtion of locel funds in the construction
of tho stote roads is beccoming not only promortioaately less
but absolutely less, duc to provision of lorgor sums for stgte-
wide highwoy cons tructlon.

Tho eyPerlenccsreprcsontod ore thoso of forty—clght
scparato goverrment un;ts. Thesc separato ﬂrcn01es are constont-
ly obscrving tho various solutions of currcnt problems found by
cach othor, and they confor and cxchange ideas-throush a larpe
number of scmi-official and civic channcls. Each state closoly
watches tho sudcess or failurc achieved by all the others and
a cross soction of tho combined cxpericnce discloses o view of
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the greatest significance. Tho aim has unquostionably been
to find a sourcc of ample revenue for highway rurposcs, onc
that can be easily drawvn upon by mcihods not eosily cvaded,
one that is not greatly resisted, that operates without great
cost, 2nd most of 211 ono that producecs on the yublic mind an
impression of fairmess and equity. The constant incrcase of
motor vehicle license chorges and tho introduction and subsc—
quent increasc of the gasoline tax demonstrate that both the
form of the impost end its operction are satisfactory to an
cnormously large public.. Speco is not available to do more
than tabulato the oxisting fees and tex rates preveiling and
to add that in 1919 the first gasoline tax of orc cont was
laid,

Table Mo, 1

Gasline Tax Rates, by Stctes,
as of August 1, 1927,

Rate : States
Conts
5 5 - Arkansas, Florids, Kontudky, Now Moxico,
s South Carolina, -
g 1 ~ Virginia,
4 : 8 — Alaboma, Idzho, Maryland, Mississippi,
H Tevada, North Cerolina, South Dekota,
: Veost Virginia.
3% 2 -~ Georgia, Utah.
3 ; 18 ~ Arizons, California, Colorado, Delavarc,
H Indiana, Iowa, Michigan, Mrine, Moztane,
H] Tew Hampshire, Chio, Oklahoma, (recgen,
H Pemsylvania, Tennessoc, Toxas, Vermont,
H Vyomings
2 ; 12 — Com:ccticut, Illinois, Kansas, Louisizna,
: Himesota, Missouri, Ncbroska, ?Tt_:*.? Jerscy,
H Torth Dakot2, Rnode Island, Vashington,
: Wisconsina

2 . Massachusctts, Tow Yorke

g
E
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Automobile Fecs and Taxes ,
{Based on minimum rate for touring car)
as of January, 1927.

Rate States

To $ 5.00 7 - Arizonz, California, Colorcdo, Indiana,

Torth Dakotn, Chio, Utzh.

$ 5.01 to §10.00 27 ~ Delaware, Florida, Idzho, Illinois, Iowa,
Kgnsas, llainc, Maryland, Massachusetts,
Michigen, Minncsote, Mississippi, Missouri,
Montana, Nebraska, Icvada, Ifow Hampshire,
Tew Jerscy, low lexico, Tew York, Pennsyl—
vania, Rhode Island, South Carolina,
Tonnessce, vashington, Wisconsin,
Wyoming.

14 ~ Alabama, Arkomsss, Connecticut, Georgia,
Kentucky, Louisiana, North Carolina,
Cklahoma, Oregon, South Dakota, Texoes,
Vermont, Virginia, Vest Virginiz,

$10.01 to $15.00

@8 a8 NS B O3 S5 4R S 60 eu TG aF g0 60 8 65 85 Do
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After such 2 review of Betwd, successful practice in
rafsing funds for the greatest single higlway progrom the werid
has ever scen we may venture t6 staie cortain principles indicat-
ed by tho course of this cxpecrienco.

(1) Dircet rcal property taxes should be used to finonce only
local roads, and only that proportion of the cost of the main
roads on the national system which represcnts the demend of traf-
fic having a local origin, ' o

(2) Motor vohicle liconso fees and the gasoling tax should’
supploment tho property tox in financing the nationsl road systom,
end should provide so fer as possible for all the construction
roquirements incident to the traffic that is not of local origin.

In this second principle we rccognize that thé very olement
that creates the domand for long, comected, continuously improved
roads and henvy, high type construction is made the source of the
additional revenuc required to mcet the dcm:iild,f' and ' thercfore we
should logically add a.third principle. ‘

(3) Motor vchicle revenues of all kinds should bc devoted.only
to the construction, bottorment and maintenance of the national
highway systom.

To these wo-must add a final statement bocausc there are
other taxes thot may be levied to augment the gemeral highway fund.

(4) Special toxes such as-a crude oil production tex, 2 .
mineral tax, or & whoel tax--none of which arc dircct levies on
rcal property--may be used to produce emergency rcvenue funds for
the n2tional highway systcm. '

To determine the proportion of cost of thc national highway
‘system that should cquitzbly be born by local property taxation
is difficult. It might bc possible to do .so by mecns of an _
cleborate traffié®consus; but this has never been donc, ond the
cost and time consumed in such a study would hardly b_c warrantcde
Becausc a simple adjustment would not continue to be cxact as
motor registration increesed amad uses of the motor vehicle bo?ame
more generzl ond more divorsc. Morecvor local traffic is subjoet
to suddon snd unforseen changes duc to the introcauction of mow
industry, discovery of 2 rew natural procuct, unexpected sx'mcegs
of some agricultural or develormontsl procuction, to colonization
in mass and to other large chenges of the. samc sorte

Thon, too, the idea of local traffic is relative and the
precticel dotormination of vhat is local and what is foreign traf-
fic in the sense used herein deponds entircly on th9 un}t of arca.
considored, which is generally a political subdivision created
without consideration of cconomic or traffic gonditions,

For instance, if we consider the stats or ti_me province as
the unit of arca we might find, as we do in the Unitcd States, the
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foreign traffic as little as 10 per cent of the total. In the
contral part of Pemnsylvania the foreign traffic, that is trafe
fic from without the State, amounted to 10 per cent as shown in
a general study of the highwey traffic, 1In ! Comnccticut a simi-:
lar\study of the highway traffic disclosed 10.9 por cent of for-
eign traffic near the central portion of the State, In 6hio,
noar the State boundaries, the forcign traffic is approximately
50 per cent cf the total, and on all parts of principal through
routcs across the State it was high, avercging 0n one main route
as much as 23,6 por cent. In tho contral part cf llebraska on a
single main routc tho foreign traffic is 16 per cont and in
Vermont it is as high as 36,6 per cent during the swmmer tourist
season, But in gencral the average forecign traffic on tho state
highway systcms of several states that have been carefully:
investigated amounts to approximetely 10 per cent,

On the othor hand; if the county is comsidercd the local
unit we get an entirely diffcrent relation betwoen lecal and
forecign traffic, cspecially if wo consider as the county that
arca outsidc of the incorporatcd municipalities, e find in
Ohio that on the state roads within a county tho foereign traffic
amounts to 87.6 per cent, and the local rurnl county traffic --
the distinctly local traffic ~- to only 12,4 per cent. In Vermont
and Yew Hampshirc the local traffic on the same basis is only 10,1
per cent and 6.1 per cent, respcctively., In Connecticut it is
2l.l por ccent, and in Pennsylvania, 7,1 per cont.

In the United States the county is the principal rural
toxing administrative unit and it might appear, thercfecre, that
the property taxes devoted to the state highways in the county
should not exceed 15 per cent of the total cost. If we are to
adjust the proportion cn this besis, howevery we should consider
tomago and not only source but destination of the traffic, be-
cause much ¢f it unquestionably would flow into the cities where it
would pay no part whatevor of the cost of strcots. As a matter of
‘fact, we find the property tax flowing to state road constructicn
amounts now to about 20 per cent and as a part of this comes {rom
incorporated areas, which generally also pay a county tax, the
excess above the relation indicated by a simplé. traffic count is
not at great variance with the actual proportion gradually approach-
cd by the contribution of the property tax toward statc highway
construction. :

Space forbids discussing in grcater detail the proportions
8f the highway budget to be assignod to the other sources of taxa-
tion., Tho appended Tablo 3 shows tho per cent of total state
highway rcvenuc derived from its scveral sources, Transfers,
stato appropriations and state diroct taxes mpy all derive from
a dircet property tax., They probadbly do not, but it is conscrvo-
tive to assumo it, Then all sccurities sold may be (but are not
actually) corricd ty dircct property texes. If the interest on
such issucs is 6 por cent the totzl possible property tax
represented in the tabular annlysis is 18.5 per cont.



Tab%4 Na. §

Composition of the Consolidated Highway Fund for State Highway
Systems in the United States

For State Fiscal Years ending in 1926

Per cent
From Motor Vehicle fees end licenses 33
* Tax on motor fuel s , 20
" Securities sold : : 15
" Federal Aid : - - 1147
" Transfers from €ounty and %own funds 10.4
" Direct appropriations by states 4,4
" Proceeds of state road taxes levied on real
property 2.8
" Miscellaneous sources ' - —. 2.7 -
0.0

. 10

Motor vehicle fees and gasoline revenues are divided
between construction and maintenance. The proportions devoted to
each are difficult to fix, and in themselves are interesting sub~
Jjects for investigatiom.

Fundamentally the financing of a natimal highway system
is a problem in taxation, but the practical operations extend to
the detailed methods of handllng the hlghway funds so as to pro-
duce the best results.

In general there are but two quite obvious methods, The
first is called for want of a better name the pay-as-you-go
method; the second is the capitalizing of annual taxation by .
issuing bonds and obligating thereby the future annual revenues.
Fach of these methods has had a wide and successful application.
The use of one or the other depends on a number of conditions
internal to the state or nation choosing between them, Thg rapid~
ity of increase of motor vehicle registration, the popularity of
travel by motor, the financial condition and stability of the
state and ifts ability to secure credit in the money market have .
their effect in determining the decisions made in the past.

The pay—as—you—go method imposes no finansial obligations
to be met in the future except that of protecting the investment
in roads by adequate msintenance. The building program accommo-
dates itself to changes in the economic status of the nation, and
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ray be curtailed or extended &% will with remsonable flexibiidye
It involves the creation and protection of no sinking funds, znd
the direct construction and enisineering costs represent the whole
cost of the roads built, The program moves along slowly and may,
by a carcful budgeting of new construction and maintenance, bve
continued logically and successfully to an indefinite extent.

It may be altered to meet chan;es in development by extending it
to supply transportation routes previously undisclosed by the
original studies to determine the national highway system.

The use of bonds redquires a definite program of con-
struction in advance, covering what might otherwise consume many
years to construct, It may involve the accumulation, investment,
end protection of sinking funds. It furnishes a means of more
rapidly meeting the popular and economic demand for roads,.and this
aspect has no doubt been the deciding feature in Tavor of & great
many bond issues. It permits comstruction programs large enough
to secure the advantage of big contracts and low prices, But to
realize this advantage it may require going beyond the immediate
locality, even outside of the state, to find contractors equipped
to perform the large contracts. It discounts the future and can
not be adjusted, within the life of the securities, to meet tem-
porarily financial or economic depression. It makes the building
program more rigid and removes it to that extent from the easy
manipulation of local politicians. It involves interest payments,
and the safeguarding of a sinking or retirement fund.

A decision to adopt the pay~as-you-go method or the bond
issue to finance highway construction should unquestionably-depend
to a considerable extent on the status of the highway system. If
the system is small and incomplete, if the automobile registration
is increasing rapidly, if the public is demending more roads, the
bond issue shoald be resorted to. -This response to the popular
demand for better and more lines of communijcation will start the
series of reactions that result so favorably on the industries
end the economic life of the country. The roads will provide an
impulse to greater motor vehicle development and use. - This will
create a demand for more roads. Together these processes will
bring into the industrial life of the nation a new industry and
will enliven and revivify others. Lands will be placed poten—
tially in better relation to the centers of population; social
life, education, end the entire life of the people will in time
feel a strong influence due to the greater mobility, freer inter-
course, and closer relations of the public life of the natlon.

The pay-~as-you~-go method should be adopted where and
when the national highway system is more advanced, and should
alone be used when the system is approaching completion., It
may always be used if snnual revenues are plentiful and should be
used in any cases where the bonded indebtedness is so heavy as
to have affected adversely the public credit..
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There will be an intermediate period and condition when

a combination of bond funds and current revenues should be used.
This must occur in any case as a transition period and inecludes
that time when the first construction on modest lines is being
salvaged into higher types and at the same time new construction

is still proceeding. The new construction extends the system to
meet a wider public demand which is entitled to prompt satisfac-
tion, and the recomstruction and betterments represent a con-
centration of demand incident to increases in traffic, This lat-
ter obviously can be met more easily by a graduwal program of widen-
ing, grade reduction, heavy paving, amelioretion of curves, or any

of the details that such a program involves. The existing traffic
may be put to inconvenience but if is not totally denied by such
procedure. The extension of new roads is the first service and if
delayed means the denial to some of what has been extended to
others.

In considering the issuance of bonds there are further
congiderations because a choice is presented in the form of bond
to be used. In general there are three kinds of bonds: term,
serial, and annuity. These have some minor variations such as
the deferred serial, annual serial, periodic serial, etc. Term
bonds are those which mature after a definite period. Serial
bonds are retired annually or at other periods, a fixed portion
of the issue being retired at each maturity date. The annuity
bond is similar to the serial type, but the retirements plus’
interest are meaintained at a constent figure. A regular serial
bond requires the same principal retirements and a decreasing
interest charge, whereas the annuity bonds are retired slowly
at first, and the principal Petirements increase as the inter-
est charge decreases, so that the total payment is practlcally a
fixed amount.

The relation of these forms of bond issues is 1nd1cated
1n the following table. The total costrof the serial bond, inter-
est, and principal is seen to be the cheapest.
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Ta«hle No. 4

Total cost of & loan of 100,000 for 20 years,
interest compounded annually.

Sinking fuhd'COmpoﬁnded
annually at -

es ms *8 ee’ 02

e 9% se s s we as

Annual : s
Interest :  Annuity Serial
boﬁgs. :3 per cent: ;3_1/2, :4 per cent: - :
! ‘o :rper'qent .- - : :
4 :$ 154,431 3 150,722 ’“ '1_47;155 ::;,147,155 ‘* 142,000
4.1/2 164,431 160,722 157,163 lés,vsz , j147,é56
5 : 17'4,43i 170,722 167,163 160,485 '152,500. |
51/2 184,431 180,722 177,163 + 167,559 '155,750
6 194,431 .: 1‘96,’722': 187,163 : 174,369 1€%,000

be o os e

In issuing bonds it is an excellent practice to arrange
to sell the securities no faster than the program of construction
cen proceed without dislocating the local materials and labor market.
Too big & program is not sound. A gradual increase in the annusl
or biennial sales provides for a gradually increasing building pro-
gram, which will react on motor registration, which will support
the increasing issues of bonds. Prices of materials and labor will
be least affected and the economies in construction will be greatest
fnder a procedure of this kind.,

One detail must be pointed out that is essential in de-
termining & choice between the pay-as-you-go method and & bond
- issue. The total cost of the same road varies according to the
method c¢f financing adopted., For instance, if $100,000 are to be
spent in building ten miles of highway, the cost is $10,000 per
mile if the funds are produced from annual revenues. But the total
cost of a $100,000 bond issue, serial type, may be 142,000 and the

total cost of a mile of road paid for by this method would then be
$14, 200,



This additional cost is compensated by earYi¥r*d%e of th2
road than could be had without bonds. If this earlier use accom-
. modates enough traffic to earn the difference in cost it is always
Justified.

Finally, it must be clear from a reading of the funda-
mentals incident to the laying out of a2 national highway system,
discussed in the first paper of this series, that any highvay
expenditure to be Jjustified must be earned by the road in the form
of cheaper transportation. This means that there must be enough
traffic, and the type of improvermeni shsll be such that the actual *
saving in cost of transportation shall at least equal the cost of
the improvement. This glone justifies the cost of highway con-
struction. During its life a highway must pay for itself; other-
wise it will be a luxury, whereas our entire discussion of the
creation, design, construction, maintenance, and financing of a
" national highway system has been from the point of view that high-

ways are fundamental requirements in a healthy, progressing,
prosperous, and ambitious nation.
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