


PUBLIC ROAD CONSTRUCTION,.

Perhaps never before has there been such concerted and well di-
rected action by the people of our coﬁntry in the interests od better roads
than there has been within the past year or two. The advent of the motor car
may ve credited with a large part of this interest, for motor cars nesd good
roads to travel over and at the same time are & serious detriment fto good
roeds already in existence, Individual States have taken nup the policy of the
National Government in building roads and many miles of first class roads are
building at the present time.,

The great “National Highway" which was christened last fall by
a parade of about sixty eutomobiles travelling from New York City to Atlanta
vas a forerunner of the movement for gqod roads which will soon be started
throughout the South. These automocilists made permanent record of the con-
difion of the roads paszed over end gave out a statement es to which portions
were oest for travel. This will put the different states in a position of
friendly rivalry and good roads are bound to be the result of the movement.

It is guite naturel and to ve expected thet different éections
of a country would be better fitted to build different kinds of roads. It
shall be the purpose of this paper to give a brief outline of several kinds
of roads, their construction and maintainence on the most economical basis,
and finally to cite some of the injurious effects of motor cars and the possi-

ble methods of overcoming them,
SAND-CLAY RCADS3.

Sone localities are peculiarly fitted to build one kind of road

and maintain it on a much more economical bagss than any other kind. For ins-

tance, in the Scugh there sre meny places where clay roads are already in ex-
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istence doing comvarotively good service, the ohly need being some material to
; put with the clay which will oeercome its sticky quality and other objection-
able restires. Sand has been tried and with marked success in many places. It
is a well known fact thet sand lacks binding power. It is the final result of
the grinding and ruboing of siliece rocks on one another and contains no mater-
iel whieh will bind. On the other hand, clay is formed by the decomposition
of other materiasls or minerals which go to make up the structure of rocks.
The origin of all clay is the mineral feldspar, vhiech under the action of
water hes been graduslly leached out and turned into elay. The particles of
clay are as a ru e mich finer than sand end are frequently carried by running
weter long distances.

¥ith respeet to its use on roads clay mst be examined from two
agpects: viz:e Its plasticity and its property of slaking when it first becones
wet after having been uncovered., A clay which becomes sticky or rollis up in
lumps or balls on becoming wet is "plastic clay". A lump of such cley will
hold its shape for a considerable length of time if immersed in water. The
other kind of clay, however, will fall to pieces immediastely as a piece of
quicklime would do under similar conditions. It is readily seen thet this
slaking characteristic is an importand one from the standpoint of road-build-
ing, for a road of this material iill not become sticky during a wet season
but the clay will sleke and form @& thick mud like a viscuous licquid and be-
come very disagreesble to travellers. This clay, of course, is nore easily
mixed with any other substance than the plastic elay e2s it will not stick to
the mixing tools and is more easily handled as a result.

The proper mixing of the sand snd cley will be next considered.
The Dbest send-clay road is one in which the wearing surfece is composed of g

grains of sand in contact in such a way that the voids or angular spaces between
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the grains are entirely filled with elay, which acts as a vinder. Any emcess
of clay near the surface sbove the amount necessary to fill the voids is det-
rimental. If an insufficient amount of sand is used, the grains of sand will
not be in contact es they should be and will be free to move, consequently
there will be no more resistance to pressure then if the mixture consisted of
clay alone. On the other hand, if the mixture contains an insufiicient amount
of elay it will lack binding power and will soon disintegrate. In a section
vhere a sand-clay road is to be built it will be readily evident thet the
most economicsl method will be to haul the send and not the clay to the road
bed, for the clay would be difficult to dig and would be in lumps which are
apt to remain unbroken on the roadbed unless great care is taken in mixing.
Assuming that the sand is to be brought to the roadbed and scattered over the
road, the next step is the mixing. Several inches 6! sand shoidld be spread
over the road and then plowed under and the whole thoroughly harrowed by a
dise harrow. This is the most lsborious part of the building of a sand-clay
road but it is the only way of ebtaining a proper mixture. In some cases the
mi*tnre may be left to traffic but this is only done where money is not avail-
able for the plowing and herrowing. In the use af a sleking clay much less
puddling and mixing is sufficient as when wet the material will mix to a great
extent of its own accord under the influence of traffic.

One method of obtaining the percentage of sand to use is by
taking a glass of sand and one of water and pouring the water into the sand
until the glass is even full of sand and water. The percentege of water the
glass will hold may be caloulated and this will be approximstely the measure

of the voids in the sand to be filled by the clay.
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DRAINAGE: Possibly the most importent consideration in the
construction of any road is proper drainage conditions. If natural d&rcinage
does not exist ertificial methods mmst be used. If the road is high and the
s0il benesth of such a nature that rain water will be absorbed quiekly, no
great attention need ve paid to this subjeet, but in some sections where rain-
fall is verv heavy and the roadbed is low roads are contimelly wet and
mddy as a result. If such conditions be met it is necessary to raise the
bed to a erown and dig wide ditches on each side before any material is haul-
ed npon it. A good method is to begin a section nearest the source of the
clay first and heul the succeeding loads over the first ones, the construe-
tion wagons thus furnishing the means of puddling or mixing. After the surface
has been smoothed and covered with sand traffie should be encouraced and ad-
vantage should be tsken of rains to use the harrow to thomoughly mix the sand
and elay until there is practieally no tendency to "ball" or cake, more sand
being added from time to time as required by the condition of the hed. The
Quantity of elay required to build a mile of road will vary of course with
the width and depth of the clay layer. A roadvwvay twelve feet wide with an av-
erage depth of six inches will require one cubie vard of glay to one and one-
half running yards of road length, or esbout 117% yards of elay will const-
ruet one mile of road on a sand foundation. Prom this data the cost of con-
struetion of a sand-clay road may easily be estimated.

CLAY SUBSZOIL: The drainage having been properly looked after
the clay subsoil should ve crowned as nearly as possible to the form desired
in the finished toad. The road surface should slove from the center to the
sides at least a half inch to the foot. The surface should now be ploved and
harrowed to a depth of asbout four inches until the elay is ground and pulver-

ized as much as possible end then six or eight inches of sand spread upon it.



These should now be mixed as thoroughly as possible vhile still in a compar-
atively dry state, After the first mixing the road is usually puddled with a
haerrow after a rain. In case an excess of clay works to the surface more sand
should be eprlied until this trouble is overcome. The road should be opened

to traffic gs soon as possible after completion as this will be found to have

a beneficial effect upon it., Definite stetements as to the cost of sand-clay
roads cannot be made, as local conditions must be taken into consideration

in every such ecstimate, but the result of experience seems to indicate that
good sand-clay roads can de built at a eost of from between $300 and $800a mile
according to conditions, There is therefore no question but that this form of

construction is very much cheaper than macadam under all circumstances.,
BURNT=CLAY ROADS.

In many large areas in the South the clays are of a sedimentary
nature and practicelly no sand is to be found locally. The cost of bringing
sand from a distance for road building would be far too ruch to admit of it
as 4n important element. 3ome other methods mist be devised therefore to meet
the conditions in these districts. These clays are nearly all of the sticky
plastie nature spoken of before and,before treatment of any kind is given
them,heavy traffic in wet seasons is practically impossible. The 0ffice of
Public Roads has conducted a mumber of experiments on this clav to deter-
mine what could be done in the way of burning or clinkering it so as not only
to destroy its plastic quality but also to forn hard brick-like lurmps which
should be capable of sustaining traffic, These experiments were remerkably
successful and the clinkering point of the clay was found to be sufriciently

low to indicate that the simple burning of the cley upon the road surface
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would accorplish the desired result.

It is & happy coincidence that in most of these districts where this
kind of clay is abundant wood is also plentiful, thue affording an abundance
of fuel. 0f course wotk should be done in the dry season of the year. Good,
sound wood, as dry and well seasoned as possible should ve obtained an&-stacked
at convenient intervals alomg the road. After grading the road to an esven
width between ditches, it is plowed up and furrows made crossways of the roed.
These furrowe should be two feet longer on each side of the road than the
wood. Then scross these furrows the first course of wood is laid longitudinally
to form flues. Now another layer of wood is thrown irregularly across this
and in spaces between these logs loose clay is piled, care being taken fo
have the lumps of such size that a draft will be formed easily. Then anbther
layer of wood is laid on and the cracks filled with small combustible meter-
icl after which the top layer of clay is put on., Now the whole pile is sur=-
rounded by large lumps of clay from the road bed and the vhole tamped off so
as to hold the heat o3 long as pessible within the mass! About fifteen or twen-
ty flues can be prepared for firing at once. If the firing is successful the
material will be entirely changed in cheracter and will have no tendenecy to
calke or stick. The covering for the road bed is now ready and ir should be
brought to o high crown before rollinmg in order to allow for the compacting
of the material. By this method the cost of transportation of the clay is
avoided end the subgrade of the roadbed is burned as wedl as the covering.

The method id a good one and is economical in irs first cost, the cost of a

mile of such construction being about fifteen hindred dollars.
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THE USE OF THE SPLIT-LOG DRAG ON EARTH RUADS.

Possibly more than any other form of Roeds,Fatkh Roeds are in existence
at the present time and will econtimue to be used by our rural irhebitants for
e long time to come. Therefore it is expedient thet some device or method be
found whieh will improve and keep these roads in good condition at as small
2 cost es possible. Many different methods heve been discusced at lensth,
but one seems to have gained a better hold on the people than the rest. Thise
is the 3plit-Log Drag. A brief description of its construction and use is
therefore in place at this time, The best form has proven to be the two-slab
veriety, in which there is & liberal "set-back". It should not be made %too
heavy, in fact one man should be able ti 1Lift{ and handle it eeceily, for as a
generel thing one man is expected to operate it, and for this reacon the
double form has 5een discarded and only one side of a road id drag-ed at a
time. The timbers should not be square bvut sharp edged slabs are best as will
readily be seen later. A ggod drag should be seven or eight feet long and
the two slabs about thirty inches apart. A platforn of inch boards should be
rlaced between them for the operator tc stand on. Drags are sometimes con-
structed of planks instead of logs, but the same general plan is followed.

How To Use A Drag: The successful operation of a drag invoived two card-
inal principles: Fiest, the length of the hitch, and second, the wosition of
the driver on the draz. Each is very importent and the successful menipu-
lation of a drag is dependent upon them., The length of the hiteh from the
blade end chould be such that the drag will follow the team at sbout forty-five
degrees. This will cause the dirt to move along the blade easily and give
comparatively light draft to the team. The distance of hitech also affecis the

depth of cutting, a long hitch ceusing the blade to cut deep, end e short one
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1ifting the blade so tha! it only shaves off the top over vhich it passes.
Haviny attained the pooper hitch, the cutting of the vlade may e made heavy
or light by the driver shifting his weight from front to back. The dreg should
be driven with one horse on one side of a wheel rut and the other on the other
side and the return trip should be nade in the same manner on the other side
of the road, thus the loose earth soraped off is forced to the center of the
road and the dreinage conditions improved. The drag doss best work when the
roadwav is moist but not stieky. Sometimes when the road is very rough and full
of holes and ruts the drag may ve uced to advantage when the ground is slushy
thus gettine all the holes filled which might not be dome if the ground had
more body. If this be done just before a cold spell and the roadway be allow-
ed to freese smooth once a very lasting effect is obtained. If a smooth sur-
face secured by this method be compacted =nd rolled in this condifion it be-
comes extremely hard and resistent to traffic. One of the valuable resulte
of dragging is the reduction of dust, for the pargicles of clay cohere so
strongly that there is but little wear when the surfeace is smooth. In soils
full of loose stones and even some larger sirface rocks the draé has done s
very effective sarvice. The loose stones are placed in a heap in the center

of the roadway and the loose earth is thrown around the surface rocks so that
the result is & smooth roadway. The loose rocks can them Dbe removed from the
c=nter of the roadway whenever desired. The cost of maintaining a road by

the use of the split-log drag is varisble end no accurate estimates or figures
are sveilable, but the average cost of maintaining eountry roeds in several
counties without a drag was about $42 a mile a vear and it is safe to say

that with the drag it would be materially less.

To summarize:- The advanteges to be gained fron a split log drag are
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as follows:-

1. The maintainence of a smooth, serviceakble roed, free from ruts
and rid-holes,

2, Obteining such a road surface with the expenditure of very
little money as compared with other roads.

8. The reduection of mud in wet weather and dust in dry weather.

The Ditch Cleaner: This device, designed to clean ditches, is made
of a puide plank and a mold board. These aore braced at an angle of about
thirty degrees by a cross piece as shown in figure « The cross brace is
hollowed some on both sides in order to prevent esthkh from heaping up in

front of the brace. light platform is needed to make the use of the
dftcher safe. The hitch is made nearly perallel to the beck board and two or
three horses are used saccording to the local situation, A weight of szbout
two hundred pounds is needed and should be placed over the front end. The
object to be diligently sought is a smooth even ditchwey, thus giving no ob-
struction to the free flow of water. This condition can be obtained very
readily by an experienced driver, who by shifting his weight forward drives
the blade into the ground and if he moves back the pressure on the blade is
relieved and the pull on the chain tendes to raise the blade. This instrument
is also helpful in maintaining e slppe from the eenter of the road to the diteh
allowin the rainwater to colleect in the ditched end not on the road bed as

is =0 often the cese.

MACADAM ROADS.
The treatment of mecadem roads here sttermpted does not clainm to be

exhaustive or very extensive, but the main essentials will be taken up as
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they seem tp be important in the proper consideration of the subject. The word
rmecedam as here used refers more particularly to the type of road now composed
of broken stone of varying size suitebly bound together into a compact mess

so &8 to be substentislly & sort of concrete, but with no binding material
other than the dust or stone screenings obtained by the crushing of_the rock.
The mecedam type of roadvay is partiemlarly well adapted to main highways
connecting centers of population on which travel is more or less [requent.

It is not an economical form of pavement for the streets of large towns or ¢
cities and is too expensive to be built in rural districts to any great extent.

Varying with loecal conditions of travel , it might be stated thet for
ordinary country roads a broken stone surface of from twelve to fifteen feet
is sufficient, as two vehieles can pass comfortably on such a width. The edge
or shoulder of the macadam should be made firm enough for the occesionsl
passage of wagon wheels over them ., The depth of the broken stone is at this
time made as thin as possible to obtain a good hard surface, as the nmaterial
to be used as the foundation is usually much less expensive than the broken
stone. An ordinary mecadem road is, as stated above, usually from twelve
to sixteen feet wide with shoulders from three to five feet wide on each side,
The depth of broken stone may vary but usuglly from six inches at the center
to four inches at the dide should be the slope given to it,

Teking up the nature of the stones which are best for use ss mecadam
road surfaces, we recognize that the peincipel qualities to be sought are hard-
ness and toughness. The cementing quality should be borne in nmind also. Usual-
ly, though, the choice‘ot roek for this purpose is limited, as a see¢ion of
a cpuntry about to build such a roadway would be inelined to use the material
directly available in thet section. Trap roek,- a certain form of igneous

roak, has long been considered the best material for road surfecing.,
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The time of breaking the rocks for road surfacing by hend has passed
and now the contractor for such construction is expected to have hie machin-
ery for doing this work. A machine for this work can ve had at varying prices
and usually in country districts a portable outfit is bought., This consista
of a crusher, a aiftef, and an engine for operating and moving the outfit.

The machine is set as nearly as possible to the place of construction and the
rocks hauled to the road from it. This crueher is a large machine consisting
of two parts, the first being the crusher proper, and it is vommected to the
other by a chain conveyor whiech carries the broken stone and dumps it into
the eylindrical sifter of the other receiver, This sifter has three sized of
holes , one two and one half inches, another one and one-quarter inches and
the other allows rocks of lees than one-half inch in ddiameter to pass through.
Thus the different sizes of rocks are assorted sutomatically by the machinery.
Another important implement is the steam roller, A ten-ton roller is usually
gsuffieiently heavy for the construction of ordinary country rosds end besides
the comntry bridges and culverts are seldom strong enough to stand the weight
of the larger rollers. The roller is used to compact the masses or layers of
broken stone and give the surface a hard netallic covering., Watering carts
are needed for meveral purposes, viz: to keep water in the bdilers of the
engine and roiler, and also to sprinkle the road surface before rollinz is be-
gun,

Fixing the pgrade of 2 roadway is one of the most importand of the fund-
amentel operations in the construction. A macadam road should always have a
slight incling to give the water some longitudinal tendency to run off, and

the grade chould be as s=light as possible under loecal conditions in order

to 2llow large loads to be taken over it with minimm effort. The engineer in
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gcharse should also try to so fix the grade that the ents »ill just about fur-
nish suilicient maferial for the fills along the route, and thus the cost of
henling to or from in order te get & propser grade is to a large extent over-
come, The road should be brought to a crown of some slight elevation end the
gutters or side dreins should Le so fixed that the rain water would.rreely
flow off and away from the road, This condition necessitates the introduction
of culvergs in many pleces and some forms of culverts are shown herewith.
Water should never be sllowed to sccumlste under a macedem road. It
tends to soften the foundetion so that heavy vehiecles will make ruts in the
surfece and in freezing westher the surface rocks will "heave" eand thus cause
the larger ones to be forced up on top and in Spring the macadanm will bhe found
to be rough and weakened. In order to ovarcone the tendency of weter to accum-
ulate under a roadved several kinds of drains are sugpested and used. Side
drains consist of narrow trenches filled with broken stone or gravel, or
verhaps a pipe five or six inches in diameter is inserted among the stones at
the bottom, This pipe is laid with open joints true to grade and is carried
to & pooper ountlet, Sometimes in case the pipe is omitted the trench is
filled with stones and this form is eslled e blind drain, Another method
of carrying off the vater from under a macadem road is by means of e V-shaped
drain, In this method the subgrade is excavated to conform to 2 certain ex-
tent to a V with the bottom &t the center of the road. WNaturally the V
woulcd be quite flattened out. The center should be fairly true to grade in
order %to secure the free flow of water. This'excevation is filled with
stones of varying size through which the water may flow to a suitable place
of outlet by trencehs to the side. Such a drain can usuallp be eonstructed
at less cost than two side drains, The removal of surface vwater has been dis-

euzsed to sonme extent sbove,
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The proper careofthe shaping of the subgrade is responsible to o great
extent for the future good condition’ of the road. The subgrade should be
darefully graded. and crowned and the bed rolled well with the roller before
eny stone is placed upon it. If the macedam is to be thicker at the middle
than at the sides, a part of the crown should be built in the subgrade., The
road is now ready for the broken stone., As intimated above the ecrushers of
modern times assort the rocks into three different sizes and these are used
separately in building a road, in order to secure smoothness and even wearing.
The large sized stones are put down first and rolled slightly and this is then
covered vith the medium sized stones. These two layers are rolled earefully
and will usually compact to about fifty or sixty percent of their original
thickness. The best method of rolling seems to be to begin at the edge of the
roadway snd gradually work toward the center, thus preserving the erown., When
roadway hes been so compacted that the stones are soild under foot and there
is no wavy motion under the roller, this portion of the road is ready for
the third and last layer of stone. This course is composed of the smellest
pieces of stone which go through the sereen on the crusher and is usually
not made any thicker than sbout one ineh, After this has been spread on the
surface of the two bottom layers of stone the watering cart shonld be put
on in advance of the roller and as much as possible of the dust and sereenings
should be flushed into the crevices between the stones. Then the mes: should
be rolled until the mwater puddles on the surface, at which time the voids can
ve safely assumed to be filled., The operator of the roller should be & gkill-
ad man in the hendling of it as much depends upon the manner in whieh this
work is done. The cost of macadam surfaces ecan hardly be given to any decree

of aceuracy in a general statement , but it can be seer from the various

operations necessary and the machinery invelved that the cost per nmile is a
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considerabie item and a eommunity should be careful in placing contracts or
entering upon the gork of building a macadan roadway .

The maintainence of & macedan road needs some discussion at this point.
It is perhaps a litlle too strong to say that the maintainence of such a road
should begin the day of its completion, but it is ceriminly safe to say that
it shouid ve the object of attention from that time forward. The road surface
proper most likely not need any actual repair work for a year or two, but the
sides rust be constently looked after in order to prevent undermining of
the suberads and consequent deterioration of the surface. In the course
of time the macadam surface will become worn and need repair. lio one can
state accvrateiy how muech of the macadenm surface will wear ofif in a given
time., The length of life of a properly built nmacadam road depends upen the
volume and kind of treffic over it, the quelity of the stone of which it is
composed, and also upon the climatic conditions of the locality. The old
notion that a mecedem road surface should be restored anmidlly to its orig-
inal thickness was doubtless an excellent preceaution and preservative for the
road, but it was very costly and could not be kept up any great length of time
econonically. The present practice is to keep the surface always smooth, to
fill eny holes or incipéent ruts as they agpear, ut to do no actual resur-
faeing until the surface has worn down to the second course of stone, When the
road has worn %to thie condition resurfecing should be at once begin and it can
then be accomplished at a relatively small cost, as the foundations are
intact and require no additional work and the new stones settle cuickly into
place and stay there. I{ is very rare that a macadem road properlv built
becomes middy, except from micd tracked upon it from side roads built of earth.
But it is & fact not to be disputed that they are often very dusty and disag-

reeadle from this cause. The sprinkling cart cannot ve kept in a comnrmnity
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and sent out on eountry roads at intervals, but as a matter of fact water,
when rroverly applied, not only lestcens the dust but preserves the road as
well. We shall have something further to say on the subject of dust and dust-
preventives later. A macadam road such a&s is outlined in this paper will
be more expensive to maintain than either of the other two kinds outlined
vefore it, but such a road is much more satisfactory for 2ll kinds of travel
and can be kept smooth and hard and serviceable at all times of the year, and
it is evident that these conditions cannot ve met by either of the other kinds

mentioned above,

AUTOMOBILES- THEIR EFFECT,

A8 intimated in the first pert of thés paper, a discussion of the
relation of antomobiles to geod rosds will be attempted here to a certain
extent. The motor car has gotten to e & reality and every roads in the
country is sabjected to some extent to the use of automebiles, whose occupantis
are travelling either for pleasure or for business, The nature of the effect
of this travel is to be investigeted and remedies given which will overcone
the vad or injurious effect ¢ these motor cars. These cars are possibly the
worst foe of the macadam road at the present time, end wherever it is possible
moiorists use macadam roads. The steel wheels of the ordinary wagon grind off
sufficient powder to serve as & binder, replacing the binding material washed
off or blown away by winds. But the swiftly moving, pneumatic-tired motor
car of the present day presents an entirely new problem to the engineers of
highway construction. These car:s are very heavy usually and their wieght
comprescses the pmeumatic tire to a wide flattened surface, and this weisht,

together with the swift motion of the car tend to produce a vacuum just

3 4 von
under each wheel as it moves foryard, The loose dust and small stores sre
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thus drawn out of the crevices and into this vacuum and the wind catches the
dust and carries it off, The ultimate effect of this kind of travel is obvious.
The dust is blown away and the rubber tires of the cer do not tend to produce
any more. As a result the binder of the stones is lost or biown away and intine
the loose stones will work up on the surface forming a romgh end uneven road-
way. Anoter effect is that rainwater will finds its wey easily into the road-
bed throuzh these crevices, and this is finally disestrous to a macadanm road
as sugzested above. Another phese of the subject and one which is probably as
important as the proper care of the roadwey itself, is that the fast moving
motor cars cause the dust to be raised into the air and carried over ad-
Jacent territory. It is a weél known fact that dust is a spreader of many
injurious diseases, and along a much travelled road this problem may becone
so great as to affect the value of real estate to a great extent., It is thus
a matter to be studied and overcome as rapidly as possible from every stand-
point. This discussion may appear to be a rather severe arraisnment of
notor car traffie, but it should not be forgotten that there is mnother phase
of the subject worthy of serious thought. The sutomobile, vhile tending to
destroy macadam road surfaces, has been an importent influence, net only in
the building of many miles of well constructed highveye, but also in making
urgent the study of road preservatives. The dust miisance existed before the
advent of the motor ecar, and if its coming serves to bring about a readly
beneficial effeet in overcoming it, the travellers of highways will have cause
to be thankIul for its detrimental effect at first. Wany mathbds and remedies
have been suggested end tried, but no very successful one has bee n found up
to the present time, It is obvious that the problem can we solved only by the
adoption of one or two genersl methode: (1) By censtructing reads in such

e manner as to reduce to a minimum the formation of dust; end (2) by treating



the surfaces of existing roads with nmaterials that will zive the same result,
The subject of dust preventives will logieally follow here and it is brought

in at this point.
DUST PREVENTIVES.

8= intinated above thei caused for work along the line of dust prevent-
ives are two: the suppresion of disease along the hisghway, and the injurious
effect on the roadway of the dust being blown eway. Beth of tlhese are very
important and consequently there has been a grest deal of study aiong the line
of dust prevention, The work has not pregressed to such a stage at this time
that particular methods and materiels cen be cited as the best method of
overcoming these difficulties, but the work already done has given those
who have studied it a great deal of astisfaction. In many treatments of this
subject, the various dust preventives are classified under many heads, btut two
gereral heads vill be sufficient for those treated here, viz: (1) thdse
applied dn their original condition and (R) those applied in emlsion or
solution through the agency of water. Another clessification and one not at
veariaence with that ebove is: temporary binders, end permenent binders. It is
easily recognized that the essential feature of any dust preventive is
its binding power, or in other words its power to hold tozether the fine
material produced on the surface of the road. It is obvious that in order to
keep down the dust on a roadway the temporary binders will have to be applded
with more or less frequency, eccording as their properries approach those of
the permmmmnt binders. It is not to be understood by the word permsnent, thet
2 binder is meant which will last for yeare, but simply one which will last
for a relatively long tdme, - for & season for instance.

Water, salt soluitions, certain light oils and tmrs, and oil and tar
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emilsions constitute the first class, while the heavy oils, tars, semi-soiid,
and solid materiale constituse the second cless. Salt solutions are valuable
to the extent that their salt is hygrescepie in character, and absorbs and
holds water rmch lenger than the erdinary dust of the readway would hold the
water if treated with water alone, The light oils and ters as well es the erml-
sions ere devendent for their effect upon the retention by the road.surface of
8 comparatively small amount of true binding base after the volatile products
have evaporated. And finelliy when this tinding base has evaporated or destroyed
it vecomes necessary to apply more material, and the residuel of contimed eppli-
cations may finally harcen the surface te some extent and prevent wear. In pasc-
ing t*e the second class eor heavy oils and tars we recognize that we have here
practically the same chemicel properties but to & more prencunced degree. Their
permanent qualities consist in their reletively grest emount of binding base,
end hence their resﬁlts are of a more lasting character from a single appli-
cation and are productiva of =2 better wearing surface and are hence factors in
the lessening ef the formation of dust te a considerable extent even after they
themselves heve teceme saturatec with dust, It has been found thet vith few ex-
ceptions all of the true binders are bitumens, and they may be either natural
or artificiel.

A full discussion of the metheds eofapplicetion end the preperties of tras,

oils, etc. could not be attenmpted in a paper ef this nzture but it will be
necessery , in order to become femiliar with the use of them in connectien with
dust prevention en public reads, te outline briefly some of the ways thay are
obtained and give sorme of their properties. Crude %tars, eas vwell as specially
perpared tars and tar emilsions,have been mich used for dust peevention ever
since the subjwet was first seriously considered. As a class, tars are liquid
todies obtained frem the destructive distillation of such materiesls as cosal,

vone and wood. They are of a very complex nature, containing various chemical
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substances in varying amounts. Coel is by far % e most inportent source of ter
et present and the method of obteining tar from it will be first néticed. The
oldest form of coke oven, end one which is extensively used in this couniry, is
knovn as the "bee-hive", end in this form ne tar er other by-produets are saved
o5 they eecape through the flues as gas. Other forms are slowly replacing this
one now #nd in e chort time the output of ter will be meterielly increcced. The
method of recovering the ter is as follows:- The cocl is charged into long
narrow chambers of acout five tone' capecity and is heated by flues in the walls.
The volatile netter passes out threush the ter end is condiuected throuch a series
of washers and scrubbers as in the marufacture eof gas in order to renove the
ter end ammonia. Low ‘emperatures are meinteined for & reason vhich will be
taken up later. The tar is then collected and used in gecordance with approved
methods,

In the manmufacture of illuminating gas bifuminous ceal is the gresat
factor. The tar, which is a very large by-product is‘collected in the hydrsuliec
main, condensers, sncd tar towers, and is allewed te settle for some time to
froe it from other bv-precducis. The crude coal-tar which remains is a black
viseid fluid of peculiar odor. The nature of the tar varies with the nature of

he coal from which it is derived and the conditions under which it is produced.
The temperature at vhich a tar is produced is & very potent factor in deter-
mining it value as a road tuilder, for at a very high temperature the gaseous
hydro-carbons are apt to be disseciated and free hydrogen gas’'civen off and
the carbon deposited in the tars, As the value of coel tar as a dust preventive
lies mainly in the dinding power of the heavy Litumens contained in it, it is
quite evident that an emeess of carben or other material in will prove detri-
nentel. It may obe recalled here that this is the reason for the lov tempera-
ture advocated for the coke oven production of tars., Various methods of refin-

ing this erude tar have been employed and the thick, viscuous materiel known as
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pitch,vhich is left represents the true binding base of the tar if it was orig-

inally produced s% e comparatively low temperature. In prepering a tar for use
as & dust preventive mest of the valuanie produets cre veroved by verious math-
ods and the least valuable are run back into the piteh until sbout the same
consistency 1is obtained ss thet posessed by & heavy crude tar. Water gas tar is
used to a slight extent as a road muilder but it does not compare favorebdly
with some of the lizhten oils and hence will be passed over with little comment.

Ih the application of the tars to the read two general methods sre en-
ployed: one by applying the ter to the surfece of the roed, and the other by
cohstnucting the road of ter-covered material. The first method is condidered
under tvo heeds, First by applying the tar to the finished road, and next by
applying it during construction., lost ceal tars sre verv visenous end could not
be applied at all satisfactorily while cold, and consequently heat is ususlly
used tc meke ther liquid. The roed surface should be free from dust, dry end
verm if poseible, and by all means smooth and frae fron puts and holdows. After
sweeping the loose dust and particles off the surface,~the hot tar iz spread on
and thevaughly broomed in, and the road clesed te traffic until the tar dries
and hardens, and then & smell cevering of sand or gravel is applied to absorb
the extra tar. Mechanicsl means of applying the tar have been invented and are
proving economical and geod results are Leiny obtained with them,
In constructing a new road, other methods of applying the tar are used.

The bed should be shaped and consolidated and the first course of stone appli-
ed and redled. Then sometimes hot tar is applied to the courses sinzly wut this
is not at all necessary and an application to the top layer may be sufficient.

After thie is put on a dressing of fine material is applied and the whole is

well rolled. A road so treated will have &ll of it s interstices filled with
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hard ~sterial and no emcess of tar is used., A road se constructed will opproach
very closely a road built of material wﬁich has been tarred previeusly. A prop-
erly tarred road after being subjeéﬁad to travle for o shoré time closely re-
sembles asphalt. It is smooth anf firm, not so hard a surface as asphalt, and
i8 practically noiseless. While in geod condition i$ is to a great evtent water-
-proof and slmost dustless, and if the proper amount of ter hes been applied
it offers less resistance to traftion than an ordinary mecedem road, The proper
amount of tar recuired will depend on the fluidity of the material'ang the ab-
sorbing power of the rosdvay. The cost of tar treatment on a road cennot be del-
initely stated at this time, but recent reports of the Massechusetts Highway
Commission seem to show that & coating of ter suitsble for most reads will cost
betwesn six and ten cents per square yard of surface, and the mamntainence cost
is reduced materia;ly.
There are various kinds of oils derived from inmumerable sources, the
nost general classes being animal, vegetable and mineral. Of these, nineral
oil is the only one of sufficieént velue to/be considered as a dust preventive.
Here s in the cese of ters, the value of an eil for this purpese lies in the
amount afid quality of high-windgng bitunineus base retained vy the rosd surface
after evaporation of the more volatile constituents. The oils fron the wells
in the eastern part of the United States are for.the most part paraffin oils
and are practically useless as base binders in dust prevention. The western
oils are of aspheltie character and are very veluable as binders, while the wells
of the south are mixed and only of relative value. Varieus methods of refining
the crude eils are used and the residuums from these refinings are what is of
value in road building. In applying heavy oils te a macadam surfdce the sane
genaral methods are lollowed as fer the epplication 68 tars. The surface ghould

be smoothed and all foreign matt{er removed, and then the eoil mey ve applied
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either het or celd according to its viscesity and penetreting ebility. Applying
¢il cold is to e preferred on sccount of its econemicel cost, but eome heavy
oils will have to TLe heated in order to be proverly applied. Patented devices

have baen employed and can be attached to mest any form of ftank wagon, and if

the pil is fluid enough such devices will do away with the necessity of brooming,

which is done when the oil is applied celd or by sitreams freom pipes. Aftsr such
apprlication is made te the surface a coating of sand or stone screenings is
applied and the whole rolled until it is well compacted. As in the case of tars
the main odject is to obtain an even coating and te have it well a.sorved by

the road surface., In some ceses when the oil is very evenly distributed and
absorbed it is found te be unnecessary to use the reller as the ordinary traffiec
will serve the purpose instead, 0ils are sometines applies during the construe-

tion of macadam reads and the method followed is very similar to that of appl}-
ing tar te such roads durinz construction. Oils have veen used in some sections
on earth roads with varying success, according to the locality and the kinds
of oils used. It hae proved te be a very effective dust layer and in some
cases has improved the condition of tle road to a considerable extent.

Water and -alt solutiens are,as mentioned before, temperary binders and

have to be applied at more or less frequent intervals in order to suppress
dust. Owing te this quality of the binders of this class, it is evident that
the frequent applications will be more or less expensive, and thet inasmuéh as
very little pjermanent benefit is attained this method is nét econonical. When
salt solutions are used the effect is somewhat more permanent than with water
alone, es it is well known that zali hes grest eifinity for water and will ab-
sorb dampness from the etmosphere, This quality is depanded on te a certain ex-
tent when salt solutions are spplied, snd the result is a somewhat more lasting

effect and the mumoer of applications is therefore reduced. The "vittern" or
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mother liquer which is run off in the manufacture of common salt from sea-water
is perheps the best =zalt solntion ebtainable for road use. It contains very
little ef sodium chloride and is less injurious te the feet of horses and the
varnish of carriages then most of the ether salt sclution: thet have becn used.
Its use for this purpese, hewever, is cevered by patent. Csalciunm chloride has
been nsed to a slight ex*ent for tle purpose of dust prevention, end when npro-

perly aoplied has proven successful. In mest cases it is first applied on the

unprepared road, being sprinkled usually frem an ordinary weatering cart. About
two applicatiens of 205 solution are mede in the first week op ten days and the
selt thus syrlied has a tendency to retain meisture to a censidersble length

of time. In the cour=e of time rains wash the celcium chloride out of the road-
vay and the applications made from time to time are ususlly from Sﬁ to 10¢ so-
lutions., Its principel sdventages are that it is eodorless end clean., The use

of it tends to prolong the life of the road by retaining the products of wear.
There are a rmmber of other salts or salt solutions vhieh are used in dust pre-

vention Lut the tres‘ment of them rmst be omitted inasmich as they are all of

& ¢classi gnd seversl tvpes have been discussed.

The temporarv oil and tar binders, emlsions and similar preparations
come next in order and a short treatment of them is necessary, Some of these
are soplied as they are found in nature, vhile others are prepered and applied
as emilsions . Vezetable oils, petroleun and ter oils are of the first kind,
These materials all contain a certein amount of true ninding base, end aelthough
to a very limited extent result somewhat in the accumletion of this binding
materisl after a season of applicetion . Their effect, however, is not consid-
ered to be of very material value, Water-gas tar is one of the hest temporary

bénders which oan be applied in its natural state. It is readily ebsorbed by

the rosd and contains a suffisient amount of piteh to reduce dust formatioen to
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a considerable oxtent, The form eof application for the materials of this clazs
is similar te that fGr ealciunm chleride treated just above,

Fruksiens may e ebteined either by chemicel or mechenicsl mixing. Per-

heps chemical emilsions heve been most used for dust preventives wp to the
present. They are eily substances, the menmufucture of which is usually covered
by patent. Waste products frem various erts cen frequently be utilized in their
mamifecture and tend to cheaven the naferisl . The seneral method of naking
these substences is te take some oily materiel and add to it a certain amount
of alkali materail, which makes it miscible with water. A nechanical nmimer
has been used to some extent in whééh there are two tenks vhich feed into a
common receiver, in which there are a nimber of revolving diseces or blades, which
thoroughly mix the waier from the ome tank with the oily substance- from the
other. This then feeds the material te a sprayer which applies the emilsion to
the roadway. The water eventueslly evaporates and leaves the binding nmaterail
to get in its werk a3 a preventive,

In the cheice of dust preventives ecenemy is usually the paramount con-
sideration. And in the country there are two classes of reads ‘o be takén into
account- the hard and seft, or the macadam and ether broken stene roads, and
the dirt roads, For the hard rosds oils and tars are rocognized to be "best
suited te the needs of rural communities , and for dirt heads oily substences
have proven most successful and economdcal as dust ‘reventives with any per-
manent value., The cheice between oil and tar will depend on various consider-
atione of locality, climate, rainfall and so forth, and a definite staiement
coubd noet be given here. For dirt roads an eil containing the meximum amount
of base-forning materail would of course be selected. A very clayey soil would
be treated with a moderate amount of sand before eyrlying oils as said before.

In suburban roads a wider choice is had as all kinds of matersal sre easily ob-
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tained and usually water pipes are at frequent intervels and selt solutions can
be frequently spplied. On roads vhere heavy traffic is susteined the heaviest
and most permaneht binders should be used by all means as this will undoubtedly
prove the most ecomomicel in the end.
On the whole the sclection of the material teo be used as a dust prevent-
ive is & rather difficult rropesition and has been given quite a goocd deal
of study by experienced road builders and experimenters in rosd building. A
mich more extensive treatment of the subject than that given here has bech nace

by the Office of Public Roads and the results of their experiments can be found

in bulletins published by that eoffice.

GOVERNIENT CO-CPERATION.

Years ago vhen the civilizetion of our country was less advenced and the
country less thickly populated, the need fer geod roads was considersbly less
keenly felt than at the present time. The local superviser of read building wes
also equal to the occasion so long as his duties were simply te assist nature
or remove obstructions slonz a proposed reute, but at the present time in con-
cideration of the more thickl§ pepulated sections a better roudwey is needed
and a hard surface is required. The local superviser now feels his deficiency
in skill end resourcees and he finds that, contrary te £ rmer %4imes, he cannot
call upen peelpe te give a certain number of days fer improving the pnublic
highway. In erder that funds may bde avdilable now for roed consiruction most
stetes heve passed lawe levying a direct road tax on not only inhabitants eof
country districts buf also on city people. This puts the road commisioners
in a position te hire both skilled and common labor te build the proper road
for each 1ocality according to conditions. Many states heve also passed 2 law

tllewing each county to call upen the convicts ef the state penitentiary fer
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road werk, thus deriving some real benefit from these people vhe hcve previoas-
ly been an erpense to the state, The National Government has established an
0ffice of Public Roade in the Department of Agriculture and experiments are be-
ing mede from time té tine and the results published and distributed from time
to time to local read wuilders. Thus there is only one initial cost in ascert-
dining these facts and ell the stetes may sdide by such knowledge. The Govern-
ment will also enter inte an egreement to build ebject lesson rocads as they have
done on several occasions, in vhich they furnish expert laber and engineers
for no compensetion , vhile local builders furnish cemmon labor end machinery.
This method is very advantageous in that the locel officers may have 2 practic-
2l demonstration of the best methed of impreving the roads at that place and
the expert advice is abselutely free, Many miles of Object Les=on Roads have
alresdy been built in different states and the Office in Washington is being
more recognigzed each year vy Congress and liberal appropriations are howned for
and expected from new en. It is hoped thet each local board ef supervisors will
profit by the experience of the 8ffice and that the roads which are to he
built in the future will be built so that they will withstand the traffic te

which they are to be subjected and that permanent good will result from the w

wprk of the 0ffice of Public Roads.



	RG38_Dutrow_tthesis_1910_001
	RG38_Dutrow_tthesis_1910_002
	RG38_Dutrow_tthesis_1910_003
	RG38_Dutrow_tthesis_1910_004
	RG38_Dutrow_tthesis_1910_005
	RG38_Dutrow_tthesis_1910_006
	RG38_Dutrow_tthesis_1910_007
	RG38_Dutrow_tthesis_1910_008
	RG38_Dutrow_tthesis_1910_009
	RG38_Dutrow_tthesis_1910_010
	RG38_Dutrow_tthesis_1910_011
	RG38_Dutrow_tthesis_1910_012
	RG38_Dutrow_tthesis_1910_013
	RG38_Dutrow_tthesis_1910_014
	RG38_Dutrow_tthesis_1910_015
	RG38_Dutrow_tthesis_1910_016
	RG38_Dutrow_tthesis_1910_017
	RG38_Dutrow_tthesis_1910_018
	RG38_Dutrow_tthesis_1910_019
	RG38_Dutrow_tthesis_1910_020
	RG38_Dutrow_tthesis_1910_021
	RG38_Dutrow_tthesis_1910_022
	RG38_Dutrow_tthesis_1910_023
	RG38_Dutrow_tthesis_1910_024
	RG38_Dutrow_tthesis_1910_025
	RG38_Dutrow_tthesis_1910_026
	RG38_Dutrow_tthesis_1910_027
	RG38_Dutrow_tthesis_1910_028
	RG38_Dutrow_tthesis_1910_029
	RG38_Dutrow_tthesis_1910_030
	RG38_Dutrow_tthesis_1910_031



