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HIGHVWAY MNAINTENANCE
INTRODUCTION

The systematic maintenance of county roads
only haes been discussed, however the generzl prine-
cipals and methods outlined are epplicable to city
streets in meny respects.

The discussion has been outlined and classi-
fied so that the methods peculiar to each type of
surface are separated, The problems of maintenance,
however, are often similar in which cases references
have been mede to other sections of the subject.,

The testing of materials used has not been
discussed at length as this phase of Highway Engineer-
ing is more closely allied to construction work. 1In
maintenance the materials used are those that are
most easily obtained locally together with certain
standardized manufactured products,

Preliminery to the discussion of meintenance
of the verious types cof surfaces a short description
of the method of construction hes been given. This
has been done to better bring out why certain maintenance

operations asre carried out and are necessary.



The cost of the various operations have

not been gone into as this item is ever changing

with legbor conditions and materisl prices, Estimates

of today would not hold for work of a like character

the next year,.



I

MAINTENANCE DEFINED

The maintenance of highways is generally
looked upon as the upkeep of the travelled surface
of the roadway. It should include the genersl cere
that is necessary to keep in condition the ditches,
drains and other details that go to make the complete
highvwey.

As soon as a road is constructed and sub-
jected to traffic it begins to wear awsy from the
action of elements and the terrific impacts delivered
by rapidly moving wheels, Mzintenance zlone casnnot
hold indefinitely the surface ageinst these influences
but by systematic work the life of the road can be
prolonged ana the full usefulness of the original
investment reaslized. The important feature of the
work is to keep at all times the surface in a2 smooth
travelable condition,

Pavements of every type require meintenance,
In meny cases, if a crack or smell break is patched
in time no further repairs mey be needed for a con-
siderable period, while, if patching is neglected it

mey lead to the disintergration of the whole pavement,



A hepheszard way of patching and treating highweys is
more expensive in the long run than a method of
systematic upkeep. YEternal maintenance is the price
of good roads." A permanent road is an ideal that
will never be attained, but a road may be so well

maintained that it will give = long and useful service,

1l - ORGANIZATION

To properly execute mesintenance work there
st be en organization that is flexible enough to :
meet any condition that may arise from naturel causes,
such as heavy rain or snow storms, Also traffic
conditions change very repidly &t times and will cause
unusuel dameges, On the other hand the organization
should be so well defined and limited that the responsi-
bility for any neglect of duty will fall directly on
the person responsible,

For a State System of Roads, a Mzaintenance
Engineer, reporting to & Chief Ingineer and Highway
Commission, should be made responsible for the develop-

ment of the work in the field,. The State should be

"divided into districts in which =2 District Engineer

has charge of the details of the work and the orgeni-



zation necesssry to accomplish it.
A - Patrol laintenence

The ideal system of meintaining highways
would be to have them divided into sections of such
length that one person could look after and keep his
section in repair, This is known as "Patrol lzinte-
nance® and is extensively and successfully used
throughout the United States. The patrolmen in charge
of a section must be supplied with the necesseary
materials and tools. On hard surfaced roads the
patch materials mus@ e stocked at convenient intere-
vals along the road, The work and duties of the patrol-
man will be discussed under the various typgs of
surfaces that sare maintained by this method,

B - Gang laintenance

There is often work on highweys that is too
heavy for o patrolman to hendle, Under such circum-
stences gengs are organized to put the road once more
in shape to be taken care of by the patrol method.
Such work is usually known as resurfacing or recon-
ditioning and is usually of short duration. A gang

usually consists of & capable foreman and enough men



and equipment to do the work efficiently and rapidly.
The foreman is responsible to his superiors for the
w2y in which and the arount of work accomplished. The
equipment methods and materials used by the gangs will
be discussed further on in the subject.
C - Centralized laintenance

Conditions zre often such that a2 considerable
mileage of hard surfaced highways radiate in different
directions from & village or city. In such cases it
is often economical to operate a small well equipped
gang to work out over several highways ten (10) miles
or more., The method, in reality, combines patrol and
geng meintenance and has adventages in economy, however,
the defects and breaks do not receive attention as
promptly as by the patrol system, Larger failures in
the pavements cen be repaired where they could not be
replaced by & patrolman working alone, For ordinary
repairs it is not necessary to stock materials along the
highweys as they can be hauled out from headquarters
on the same truck thgt conveys the equipment and
laborers to the work, Equipment that enables the work

to be done more efficiently, and that saves labor costs,



can be supplied where it would be impossible to
furnish patrolmen with such tools. The lsborers
can be kept continuszlly at work even in bad weather
by repsiring the equipment and mixing materials for
patch work, The laborers receive closer supervision
than if they worked on sections of the road alone
as on the patrol system,
IT CLASSIFICATION AND MAINTENANCE

To better discuss the various operations
of maeintenance the roads will be classified as follows:
Ezrth, broken stone, bituminous, concrete, cobble
stone, brick, and bridges. The various typves of surfaces
under these hesds will be discussed separately wvhere
the maintensnce operations required to keep them in

condition are not similar.

1 - EARTH ROADS
There is a greater mileage of earth roads
in the United States than 211 other types combined,
They mey be classified as follows: Unimproved earth,
send-clay, soil, gravel and shale, Their maintenance

end upkeep is a puzzling problem and rather unsatise



factory at times because in favorable weather they

eare easily put in excellent condition and carry
traffic more comfortably than the hard surfaced

types, while in bad weather they become soft and

often entirely impassable, However, there are certain
improvements that can be made after which by system-
atic meintenance traffic can be assured a longer and
more dependable service throughout the year. Water

is the most destructive agency that must be combatted,
therefore, the first and most important item to Dbe
taken care of is proper drainage., Drainage really

has more to do with the stability oif the earth road
surface than the character of the materials used in it.
The smoothness of the surface is the quality that is
most appreciated by the public and is also very
important. The majority of the people are not in-
clined to care how or of what 2 road is constructed.
To them en ideal road is one that will allow the load,
whatever it may be, to be carried rapidly and smoothly.
The idea that an earth rozd can be kept smooth and in
condition for modern traffic by the %“once a year®

gang method alone is out of the question and being



repair work will not be discussed. This may suffice
for locel roads and trails but it cannot be relied
upon {or highways carrying heavy traffic, Main
highways efter having been put in condition are best
maintained by the patrol system or a combination of
geng and patrol,

Efficient meintenance of any type of earth
road requires a well balanced organization that
functions well under any condition that mey exist.
The duties of each individual should be defined so
that they will be directly responsible for =a given
section of road or a special phase of the work,

The petrolmen should not be given more
mileage than can be covered with the proper equipment
twice in a2 single working day when necessary, Under
ordinary weather znd earth conditions a patrolman
with a two horse team and road grader can easgily
cover an eight (8) to ten (10) mile section, devend-
ing somewhat on the traffic, keeping the surfzce
smooth and the drainage in good shape. He should
have available besides a small road machine, a road

drag, either steel or wood, a wagon and small tools



such a2s shovels, hoes, rakes, axes, etc. WVhen
holes wear in the surface they should be immediately
filled so that water will not stand. Holes tha
retain water soon become larger as the material
softens vhich when churned about under traffic
creates & condition that soon breazks down any type
of earth road. V¥hen the weather is such that the
surface does not need smoothing new selected

. materials should be hauled to places that have
become badly worn or that give trouble when wet,
brush should be cut and other details looked after.
In this way the road receives continuous attention
and ?he patrolman can be employed by the month or
year,

Smzll tractor patrol outfits are coming
into favor and prove very efficient., A tractor
patrol cen cover a section from fifteen (15) to
twenty (20) miles., The tractor should be equipped
with either rubber tires or a track layer attech-
ment, depending on the road type, so that the surfgce
will not e broken loose under the tractive forces,

& rosd maechine blade attachment or small road grader



ONE MAN PATROL GRADXR MACHINE



should be part of the equipment as well as a trailer
and three-way drag and the necessary small tools,

It has so far proved more efficient to have two men
with an outfit of this character, however, with more
modern equipment this is not always necessery. The
duties are the same as with the horse equipped
patrel.

In addition to patrol meintenance it is
often necessary to use gangs for resurfacing,
scarifying and reshaping the roads, Under heavy
traeffic some earth roads wear away &t the rate of
two (2) to four (4) inches in a year. The traffic
loosens the material and the wind and rains carry
it off the roadway. There has been no surface
binder menufactured to prevent this wear except for
grevel surfaces, This will be discussed later,

A well orgesnized and equipred geng should
have an experienced foremen, twenty (20) to thirty
(30) men, = camping outfit, a five (5) or ten (10)
ton track layer tractor and large scarifier road
grader, a smell tractor and smell grader, six (6)

to twelve (12) two(2) ton trucks for hauling ma-



terial_long distences, and several teams with

wagons, Before new material is applied the old
suyface should be broken up and the road-bed flatten-
ed., This gives the new meterial & chance to adhere
to the o0ld surfece and produce a more uniform piece
of work, Great care should be teken not to have

too much crown. A curved crown with a drop of three=-
querters (3/4) or an inch to the foot has proved most
satisfactory.' Higher crowns than this force traffic
to follow the same tracks thereby making travel
disagreeable and causes the road to wear unevenly,
Nothing but the best grade of surfacing materiel
should be used even though it has to be hauled for
long distences, The foremen should have good judg-
ment in the selection of materials and then be able
to line up his forces so that it cen be handled to
the best adventege. Trucks or teams should be timed
and spaced properly so that they‘will not bunch on
the road or at the loading point. The loading is
ususclly done by hand labor, however, improved
loading devices have come on the market that should

greatly r educe the cost provided there is enough work



to keep them continuously in use. The material is
dumped in the center of the roadway and spread by
hand or by road graders. It is then kept well
machined or dragged until it settles and becomes
firm, After the first rein new material will cut
through but when put back in condition seldom gives
further trouble,

VWhen an earth road becomes rough but still
has a fair amount of surfacing materisl on it the
ricding qualities can often be improved by ripping
it up or by scarifying and reshaping it. Some materi-
al becomes sandy and dead on top vhich if scarified
and mixed with other materials already in the roads
give considerable service often better than new
material, Work of this nature can best be carried
on with a large track layer tractor and scarifier
road grader followed by a smell tractor and greader.
to reshape the surface, Only a few:laborers besides
the machine operators are necessary.

Snow removal is a very importasnt phase of
maintepance and should under no conditions be neg-

lected, Two objects are obtained by removingsmow in
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SNOW PLOW ATTACHMENT ON CRAWLER TRACTOR



thet traffic is sllowed to proceed and the roadway
is cleared of e very destructive agency. This work
requires other help besides the regular maintenance
organization and should be well outlined and
systematized before the winter season. Patrolmen
end regular employees sliould be given authority to
hire additional labor, teams and such eqguipment that
is not already in their possession.

The A fromed plow with an opening of twelve
(L2) to fourteen (14) feet and sides twelve (12)
to eighteen (18) inches high should be started as
soon &s the snow has fallen to 2 depth of two (2)
inches, This will allow traffic to proceed and the
snow will not become packed. As soon as the snow
stops falling and before it has time to freeze it
should be pushed entirely off the roadway into the
ditches by road machines, The plow can be pulled
by horses or pushed by treactors or trucks. Other
improved ecquipment built over the same principle
as the above described plow is often used but snows

not over =z foot deep cen be very easily handled by



home made plows,
The same method of snow removal may be

employed on ell types and classes of highways,

A - Unimproved earth roads

Unimproved earth roads or trails that have
been allowed to exist for years without maintenance
demand a special treatment before they can be ef-
fectively meointained. This special treatment is
properly called "conditioning® because it is not rez2l
gradipg work nor can it be correctly termed as meinte-
nance, The aim in conditioning an earth road is
to widen it and provide suitable drainege after which
it cen be mazintesined and kept smooth by the patrol
system, It is attempted to move only enough material
longitudinally to cover up cross-drains that czre
instelled as the work progresses, Naturally a cone-
ditioned road does not present iinished rolling grades
and regular curves but by the proper menipulation of

the equipment the alignment and grade can be put in a



JOUNTAIN TRAIL

PART OF SAVE TRAIL AFTER A LARGE OUTFIT HAD
PUT IT IN CONDITION FOR PATROL MAINTENANCE.



fair shape allowing traffic to proceed with consider-
eble ease and safety. The roadway from back of
ditches should be twenty two to twenty six feet wide.
The ditches should not be deeper than one foot to
eighteen inches below the center of the road. The
roadbed should have a curved crown of not more than
one inch to the foot. When completed the work should
present an uniform appearance,

The equipment necessary for such work should
be a large track layer tractor and blade grader, a
smaller tractor and blade grader, plows, wagons, a
supply truck and a2 camping outfit with enough small
tools to supply as many laborers as are necessary to
give the work good progress, A smell air compressor
outfit for drilling rocks is also very essential, For
efficient work it is important that the sbove equip-
ment be kept busy and well lined up at 211 times, If
there are obstructions such as rocks and large stumps
they should be removed well ahead of the large tractor
and mechine, The large road mechine is guided into
the banks with the blade set at an acute longitudinal
engle with the end next to the bank slightly elevated.



LARGE ROAD GRADER WIDENING ROADWAY



In this way the old ditech, if any, is filled and the
meterial is worked to the center of the roadway.
BEnough cuts are made to get the proper width. By
working back under the banks the material is caved

off and shifted intoc position., ©Small trees are under-
mined by the machine and thrown aside. By the time
the proper width is qbtained the cross-séction of the
road is usually flat., Beveral cuts are then made to
form the ditches after which the big machines are
moved to another section. Sections about two (2) miles
in length are worked to prevent loss of time in turn-
ing.

The rough and heavy work having been done
by the large machines the small tractor and machine
follows up to shape uy the material and give it the
proper cross-section. This outfit is kept busy going
over the road filling up depressions and cutting off
high places for a week or two after the large outfit
has passed. The road is then in condition for patrol
maintenance provided there is no local surfacing
material available. However, if there is such material

as soil, sand, gravel, shale or slag available the



SMOOTHING UP MATERIAL THAT HAS BEEN PULLED LOOSE
BY LARGE TRACTOR OUTFITS.



cross-section is left nearly flat and the crown is
built up out of the surfacing. The surfacing is done
as soon after as possible in the same manner as
resurfacing work that has been previously described.
There are meny miles of roads,however, that
cannot be surfaced because of the lack of a better
material locally. Vhere the naturel material is sand
the road if kept rather flat will remain in better
condition than if rounded uvr. The material if shifted
slightly, causing traffic ruts or lanes to change
position, sometimes help to make travel easier. A
very small amount of clay added to & sand road will
meke it much firmer, The clay should be thoroughly
mixed with the sand by harrowing. Sand roads usually
give better service in the winter than during the dry
summer months., Clay roads that cannot be surfaced
will natuvrally become slick after rains and are apt
to break down under traific in the winter. If they
can be kept perfectly smooth and well drained they
will stand considerable abuse from traffic. Both sand
end clay roads without surfacing meterials should be

dragged as often as necessary to keep them smooth.



Shoul? the surface dry out before it is smoothed up
the blade grader is the best equipment to put it back
into condition, however, if i1 can be worked on befor
it is dry the drag is better as it has more of a
puddling action and has a tendency to make the surface
water proof. Snow removal is very importanf and should
under no conditions be neglected,

B- Sand-clay roads

Sand-clay roads as the name implies are

constructed by mixing sand and clay together. The
correct proportion of the two materials is rather
indefinite and depends largely on the character of
the materials used but it is generally accepted that
gbout one-third (1/3) the quantity of clay to two-
thirds (2/3) sand mekes the best mixture. It is very
important that the two materials be thoroughly mixed,
The surface when first constructed is usually about
ten (10) inches thick and if kept properly dragged and
machined remains smooth. When it becomes worn so that
the surface is not smootir and shows signs of brezking
up, scarifying, remixing and sheping are often very

helpful, VWhen small sections break through they can be



patched up by adding the material that is lacking in
Care should be exercised in selecting

3
v

he mixture.,
Sharp coarse sand and pure clay give the

materials,
best results, Patrol maintenance is generally satis-
factory on this type of road but care must be used
in using the blade grader because too much material
The clay from the loose mixture

may be pulled loose.
soon leaches out leaving a surplus of sand on the

This sand ii allowed to remain holds moist-

surface.
ure in wet weather and is apt to soften the mixture

beneath, besides meking travel disagreeable in dry
The drag is more fool proof in the hands of

weather.
the average patrolmen, however, at times blade work
Dragging does most good when the surface

necessary.

is
is still quite wet.
VWhen the surface in long sections becomes
so thin and wé?k that it breaks down under traffic
In resurfacing it is always
ith the

resurfacing is necessary.

best to break up the old surface and mix it w
Vhen new material is added a

added.
used to bring up material from
ixing

new material
Thorough mix

turn plow should be
the new mixture.

the roadbed to form



SCARIFYING AND RESHAPING OLD ROUGH SAND CLAY ROAD



USING TURN PLOW TO BRING UP NEW MATERIAL
INTO THE SURFACE OF A SAND-CILAY ROAD.



is very necessary and while the surface is bonding

w0

under traffic it should be closely watched to keep
it in proper shape., The bonding may be rather slow
in dry weather but the moisture collected by
capillary attraction and {rom the atmosphere is
usually enough to cause the mixture to become firm,
The correct time to resurface is in the early spring
because traffic is usvally less interferred with then
than any other time during the year,

Snow removal is extremely important because
the excess moisture combined with Irost action hes a
very softening effect on sand-clay.

C - So0il roads

Soil roads are so named because of the fact
that the surfacing material is usually taken from the
surface of adjoining lands, Soil, if it contains small
particles of stone, has a wearing quality that makes
it particularly desirable as a road surface, in that
it bonds together and does not become plastic unless
the weather is unusually severe., $Soil suitable for
road surfacing is usvally iound in sections where there

is granite and was undoubtedly formed by the process



of disintegration through exvosure to air and water
which carried away the clay and left only the granular
particles which still retain enough bonding materials
to cause them to adhere to each other under traific,
Other soils with coarse particles of sand, chert or
flint are at times found but are not as abundant as
the ones found on the Piedmont and Coastal Plains,

On hill sides where considerablelerosion
has taken place the soil is usually scarce,

Roads surfaced with this material are not
meintained unlike sand-clay except in replacing worn
out materials, the original material that is in the
roadbed is not mixed with the new, Soil unlike sand
or clay does not occur in pits or pockets and being
found on the surface is easily plowed and loaded on
wagons or trucks, Only the best grade of soil should
be used even if it is necessary tc haul it a consider-
able distence, As long as there is a thickness of
four (4) to six (6) inches on the roadwsy it can be
kept smooth and in shape if properly dragged and
machined when damp, At this thickness it is apt to go

into pot holes under heavy traffic, however, and if




conditions are such that the road cannot be resur-
faced, scarifying is often helpful but care should
be taken not to bring up and mix in too much of the
underlying material. Weak places that occur can
be patched with new soil but care must be taken not
to make the new patches too high. If too high, a
hole at each end of the patch may form, Long
continued dry weather is hard on soil roads and if
the traffic is heavy and rapid rythemic corrugations
may form, These corrugations are probably due o
the impact delivered from the rapidly moving wheels
on the granulated material that shifts its position
and forms a small ridge with a corresponding deprese
sion, There is no remedy for this in dry weather
but the situation can be relieved when the road bhe-
cores damp by machining and dragging.

D - Gravellroads.

Grazvel is usually defined as being = mixture
of fragments of stone that have been deposited by
water or glacial action. To be suitable for road
surfacing purposes the particles should very in size
from sand to 1-1/2 inches a=nd be in such proportions

to form a uniform mixture., The fragments should be



hard and tough so that they will not be easily ground
to dust under traffic,

Gravel occurs in banks or beds in the Coastzal
Plain near the eastern vorder of the Piedmont Flateau
and in various other regions such as sectiions where
there have been glaciers. OStream gravel is also very
satisfactory for surfacing.

When the sub-base of a roadway is clay,
sand gravel is preferable and while it takes it
sometime to bond under traffic it finally becomes
kfirm and tough. On =z sand sub-base gravel with a
small amount of clay is desirable. However, the ideal
conditions are seldom met, but if the material is
closely watched and mixed a good road surface.is
obtained,

The meintenance of the surface is handled
very much the same as any other type of earth road,
Machining and dragging is necessary and even then in
dry weather the rythemic corrugations occur. These
are more pronounced in sand gravels than those that
have a clay filler, Machining when damp helps to

£

rid the surface of this roughness., Where available



if a thin course of smzll clezn pea gravel, if left
on the surface, is very helpful in preventing wear,
This, however, does interfere somewhat with auto-
mobile traffic but in some States is much used.
Bituminous binders are extensively used
and have proved fairly satisfactory, not only as s
dust layer but vhen the proper materials are used
the road will present a good smooth wearing surface,
Once the surface is treated in this way it is neces-
sary to handle the maintenance much in the same way
that macadem is kept in condition. Care should be
used in making successive bituminous treatments as
too much of this material on the surface will push
and roll under traffic. This is because the gravel
base is granular and not absolutely stable yielding
to traffic impacts. Should this occur it is neces-
sary to rip up the surfiace and reshape it probably

adding more bitumen and clean sand or gravel to cause

Qa

it to bond together again.
Sulphite liguor, which is a by-product from
paper mills, is used and gives relief from dust for

one season. The surface has a tendency, however, to



APPLYING BITUMINOUS MATERIAL TO A GRAVEL ROAD



APPLYING CALCIUM CHLORIDE TO AN EARTH ROAD



breek into small pot holes but after a rain these can
be Tilled by dreagging or machining, but will break out
egain with the next dry weather., It is claimed by
the producers that successive treatments with this
material will produce a surface that will give entire
satisfaction.

Calcium Chloride is used very successfully
a8 & dust layer but it does not produce a bond in
the surface except through moisture. The chemical
will draw enough moisture from the atmosphere during
the night to keep the surface damp during the day.
About four (4) pounds to the square yard apvlied twice
during the summer season prevents the very objection-
able dust from rising frbm the roadway. Roads treated
with this meteriel must be kept smooth the same as if
it had not been used,

E - Shale roads
-Shale if it contains considerable grit or

sand mekes a fair surfacing for clay roads. However,
to give the best service it must be hard and tough
so that it will not break down when wet and form into

dust under traffic. Shales in mountainous sections



SHAPING A SHALE ROAD

SAME ROAD AFTER IT HAS
WORN SHMOOTH UNDER TRAFFIC




usually occur in banks and if closely compacted i

must be drilled and shot out. Such treztment usu-

ally breaks it into particles smell enough for
putting on the surfece where traffic will soon bond
it together,

The surface is mainteained by machining
and dregging end by the addition of more shale in

rlaces that break down,

2 = Broken Stone Roads
Broken stone roads are those that are
built by rirst putting down a base of large stone
and a top of smaller stone to form the wearing
surface, The surfaces may be classified as
follows: Loose mecedam, weter bound macadem, tar
bound macadem and bituminous macadam; The general

term "macadam" is used to designate such types of

surface and was named after John Loudon lMchAdem a g
famous Englishm&n who employed this method in
England, The stone should be hard and tough be-
ing able to resist wear and should not disintegrate
when exposed to the weather,

Traps, grenites and limestones are the




most important road stone, however, flints, sand-
stones, and furnace slags are extensively used in
the base course and a2t times for.surfacing vhere
nc better materiel is obtzinable,
A - Traffic bound macadam

Loose macadam is the term spplied to the
type of surfeace thaet is built by placing crushed
stone on a graded roadbed very much in the szme
way thet soil or gravel roads are built, The stone
is usually placed in a six (6) to eight (8) inch
course and depends on the action of traffic to bond
it., Very often the larger stones are placed first
and act as 2 base, The smaller stone and dust is
placed on top =nd under traffic filter through the
bed causiﬁg it to key together and bond., While the
road is bonding it must be kept shaped by blade
graders or other equipment, In time such roads,
regardless of the kind of stone used, become hard
but are usuelly vefy dusty when used by fast moving
traffic.

The maintenance of such roads is very

simple but expensive and consists of continuous



replacement of stone similar to that used in the
construction, The cross-section can be kept true
by shifting the loose material when it is wet.

This is very important in that traffic is inclined
to form ruts which will wash deeper on grades,
Smell depressions casused by the displacement of
materiale should be filled in the same mammer., The
surface must be kept smooth because once it becomes
rough and bumpy the impact from the wheels cause

it to break up very rapidly. Where there is an
ebundance of stone on the road and it becomes too
rough it should be scarified the same as gravel
roads are treated. Long dry seasons have = very
detrimental effect vhen the traffic is heavy and the
top material becomes quite loose at times and nuch
of the bonding material is blown away.

The patrol method of msintenance is usu-
ally considered most satisfactory in that immedigte
gttention can be given to any defects that occur,
Under ordinary traffic e patrolman should be able
to look after seven (7) to ten (10) miles of road.

His equipment should consist of a team or small



rubber tired tractor with a wagon or trailer to‘haul
materials, a blade road machine and small tools,
He should have supply piles of crushed stone at
convenient intervels. The drainage should be care-
fully looked after and the road kept smooth and

properly crowned., When long sections become worn

)
Q

¢

gang should be used to put on a new surface,

Snow must be removed from suci surfaces
because too mucl: water and slush churned about by
traffic haes & tendency to bresk up the surface and
where the wheels cut through the snow to the stone,
ruts are very often formed, Frost action is also
bad when the road is wet, The patrolman can usu~
ally keep his section clear of snow if he sterts
with his blade machine as soon as the snow is several_
inches deep» and works continually while it is falling,
In case of very heavy snows he should have additional
help and heavier equipment,

Calcium chloride is often used as a dust
lzayer and works satisfactorily for one seeson, Appli-
cetion of about four (4) pounds to the square yard

should be made early in the spring. This material



draws enough moisture from the air during the night
to keep the road damp during the day =and besides
keeping the dust from flying will cause the stone
to become cemented together. Application of this
meterial is usually made by a ferm lime spreader at
a very low cost,

Light oils with an asphalt or tar content
are often used to keep dowvn the dust but have a
tendency of floating off in heavy rains, unless the
roads have been loose enough for them to penetrate
deeply. Cere must be taken not to use a2 material
that is too heavy as it will form a met that will
push znd break through causing the surface to
become rough.

Often by careful maintenance and traffic
it is possible to bond up a loose stone road so well
that it will take = surface treatment of either tar
or asphalt., This method of chenging the surface
type will be discusged under surfece treatments on
Water Bound Macadsan,

Another method of changing the surfape

type will be discussed under Tar Bound ldacadam,



Taken a8 =2 whole loose bound macadam is
only satisfactory for moderately traveled highways,
Where through motor traffic that moves rapidly and
is heavy it is impossible to maintain such a surface
withou? changing the type using the old macadam as
a base,

B - Water bound macadam

Water bound macadem is that type of surface
where broken stones two and one-half (2%4) inches
to four (4) inches in size are used =5 a base course
with smeller stone as a wearing surface, The method
of construction is to cut a true subgrade over which
the base stone is evenly cspresd and rolled with a
ten ton roller which causes it to become keyed to-
gether and firmly fixed in place. Often stone dust
and screenings are used to fill the crevices and
water is spplied to effect a bond but this is not
elways considered necessary.,

After the base course has been well keyed
or bonded the surfac¢ course is spread and rolled
into shepe while dry., The general practice has

been to use stone ranging in size of one-half (})



inch to two and one~half (2%) inches, but recent
developments show that larger stone in the surface
gives good results and produces an excellent road
at less cost but less screening and dust is
rroduced when crushing which necessitates either
importing this material or using sand as a filler,
When the surface has been rolled and keyed together
it isrsprinkled, screenings applied and rolled
again, This operation is continued until all the
crevices are filled and the roads present a puddled
appearance on top. It is then opened to traffic
and closely watched to see that it does not ravel,
Should it show signs of breaking apart it is
sprinkled end rolled agasin, Care should be used in
running a roller over a dry road as it will break
the bond, Before the days of the automobile such
roads gave good service without further treatment,
in fact the action of steel wheels was an advantage
in that the small part;cles worn off cemented the
larger stones together,

The present day traffic is such that the

surface of =2 water bound road must be treated with



a tar or asphelt to hold the particles together,
this treatment constitutes about the first step
towards mzintenance, The chara<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>