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The Comnstruction or Bivwi:aous Macadam Roaads,
Dy the
Penetravion Metvhod.

According to Virginia Practice.

I Introduction.

Each State has its own specitrications and methods
tfor building roads. These methods are fundamentally
more or less the same, but differ because or different
weather conditions, difterent soils, different kinds
of rock (or lack of rock), and other factors. These
all play a very important part in road construction.
Conditions vary in different portions of each State
and allowances must be made for them, both in design
and construction. Textbooks and specirications can
serve at best, only as a guide ror the general methods
of design and construetion, and the engineer in charge
of the work must counsult his own judgement for the
details.

The Shenandoah Valley of Virginia presents its own
peculiar conditions in the matter of soils and rocks,
which must be met by the highway engineer. Each sec-
tion of the Valley has different soil conditions, and
these different soil conditions require different

methods of grading. They also affect the drainage.
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Though limestone is the predominant rock, other kinds
are encountered, which affect thne construction of the
macadam, or surface course. The type of pavement
generally used in this region is Bituminous Macadam,
Penetfation Mevhod.

Construetion of roads may ve divided into tnree
parts: grading, drainage, and surtace. Discussious
often arise as to which of these is the most important
in the buildiug of a first class road. Tne tact is
that all three are of equal importance and so related
that poor work in one is bound to arfectv the others.

Before the actual work of construction commences
there are several steps to pe taken. The tirst, oz
course, is the location of the road by survey, and
the preparation of accurate plans. The next is the se-
curing of the right-of-way, where necessary. It i1is not
the intention to go into these subjects tully, but only
to present some few items, which should be watched,
but are often neglected.

In locating a highway the locating engineer should
.keep in mind that he is not providing for the present
ceneration alone, but also for future generations. To
this end he should endeavor to secure the best align-
ment possible, with the best opportunities for good
drainage. He should endeavor to secure as straight a
line as possible, and avoid blind curves, The amount

of money available may make ecowomy necessary, =2nd there-



fore not permit or pbuilding on the pest line, but it is
false economy to build on an extremely crooked line,
with many blind curves.

Rather than build on a poor line it would ope much
better to cut down the mileage to be built, and puild
on the best line. Examples of bad practice in this re-
gard are to be found on many stretches of county-built
roads taken into the state highway system. The counties
have merely surfaced the existing o0ld road, rather
than buy a little expensive right-of-way, with the
result that there are stretches of very dangerous road.
The illustrations on pages 4 aud 5 show two such stret-
ches, and the sketch under each shows how eaeh error
could have been avoided.

The tendency has been, and still is to a great ex-
tent, to cut down speeding. This will in time chauge
somewhat, for the demand in traunsportation to-day, as
in business, is for speed. Of couurse this must mean
"speed consisteut with sarety™, but nevertueless speed
18 demanded, and tnis fact must ve realized. Toward
accomplishing this the highways must pe pbpuilt to allow
fast driving, and safety for the careful driver. There
will always be the reckless fool, who will insist on
driving carelessly, and endaungering not only his own
life, but also tne lives ox others. The highways can
not be designed for him,

An iillustration of the recalization that speed
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must be provided for, is the ract that curves are peing
widened and superelevated. Several years ago £he idea
prevailed tunat 1Y a curve was not "pauked" there would
pe no tast driving around it. The result was many ac-
clidents; the idea did not take into account human
nature, or the demands ox the times.

The locating engimeer should &iSu Kcep in miud
vhe gquestion o votaining tne rigut-oi-way. Not that
this 1s his duty, out the man followi.g him must se-
cure 1%, ana the locating engineer cen orten help.
There are often two or three possible lines, each one
as good as the others, but on one the right-of-way may
be obtained considerably cheaper than on the others.
This line should be chosen. It is not unusual for the
locating parties with the Virginia State Highway Com-
mission to have to return to a project two and three
times to make revisions in the line. This because of
the impossibility of obtaining the right-of-way on
the original line; which fact the locating engineer
could have sscertained, by mekiug a few inquiries at
the time of locating the first line.

The Virginia State Highway Commission uses the
following system in constructing their projects. The
location is made by a locating engineer with a survey
party, thne right-of-way is secured by a right-of-way
agent, and the construction is handled by an engiuneer

on the Jjob, called Inspector. Thus at least three



different men are on the job at dirrerent times, and
unless the first two are careful in their work, the
Inspector's job is hard indeed.

The right-ot=-way agent snould eadeavor to secure
the rignv-of-way with as rew conditions atvachea, as
possible. By conditions 1s meant promises to have
certain things doue when tne road is constructed. The
carrying out of these promises is both expeusive and
unsatisfactory, 2s the agent and property owner seldom
seem to have had the same thing in mind. Tie right-oz-
way agreement will stipulate certain things to be done,
and this is what the construction man must be governed
by. When these stipulated thi.gs are done, it is
seldom what the property owner thought was going to be
done, and the inspector reaps the blame. Hence it is
more satisfactory to allow some figure as damages,
and promise nothing., The amount asked as damages will
seldom be as much as the work would cost, if done
during construction.

It is surprising how few people will +think apout
their entrances to home and rields; how the comstruc-
tion ot the road will affect these entrances. That is
they do not think about these entrances until the con-
struction work begins, then the trouble pegins. The
construction man has an approximate estimate of the
cost of the project which he must not exceed; this is

especially true on Federal Aid projects. Irx there 1is



a specific right-of-way agreement to provide for the
entrances, he can go shead, and that work is charged
to right-of-way. Where there is no agreement his hands
are tied, and special authority must be secured before
he can do any work on a private entrance.

Free right-ot-way should, as a rule, be avoided,
as it never turns out to be "free". The property owner
almost invariably wents work done, when construction
passes his place, which cosés more than the right-ox-
way dameges would have amounted to. From the tact that
he "gave" the right-of-way, he cau not understand why
the inspector will not do a thousand and one things
he wants to have done. The most satiatactory project,
from the construction side, was one near Bridgewsater,
Virginia, where the right-of-way was secured witnout
any strings attached. The owners were paid damages
end they were given the responsibility of fixing their
own entrances.

An example of the above was a well on a project
near Gore, Virginis, The owner cut off twenty-rive
dollars from the amount oi damages asked, and the State
in return agreed to take care of the well. To do so
would have cost one hundred and fitty dollars, but a
settlement was finally made for fitrty dollars. The
State was loser by twenty-five dollars.

Another cese occured on the same project., A prop-

erty owner had a stone wall in frouv of his property,



which would have to pe torn down in constructing the
road. He asked one hundred dollars damages, but the
right-of-way agent agreed to replace the wall on the
right-of-way line., Tunis replacement would have cost
two hundred dollars, vut settlement was finally made
for one hundred and firty. The State lost rizity dollars.
Still another example oceured ou a project mear
Greenviile, Virginia. Here the property owner gave the
right-or-way, which was a strip avout rive 1eet wide
for rour hundred ieet. The damages would nave been
apout fifty dollars. When counstructioun reached his
property it was necessary to ovuila him a seveaty-Iive
Toot, waterpound mscadam esntrance, which cost one nun-
dred dollars. Tue "iree" right-oi-way was vought in
the end. These examples show that the ovest way to handle
the situation is to pay reasonaple damage charges,

and have no conditions.
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ITI Grading.

Clay is a soil which presentvs difficulties in
grading, especially if the surface is to follow closely
after this part of the work. It does not absorb mois-
ture easily; that is, it will absorpb a gentle, steady
rain, while most or a heavy downpour will run off,

On the other h=nd, once soaked thoroughly, it does not
dry quiekly, and when soaked, it presents a problem to
the road puilder not easily solved. A sandy loam on
the other hand will absorb moisture freely, and dries
as quickly. It does not present the same dirtriculties
as clay, and is much essier handled.

On the Lee Highway, twelve miles south of Staunton,
Virginia, pboth of the aforementioned types of soil
were encountered. The gradiung was largely done during
the fall and winter months, and the dirrerence-in the
apsorbent qualities of the two soils was clearly
demonstrated. The clay cuvs were dirricult to loosen
in oréer that the slips and wheel scrapers could move
the material, during the rall months. There was a
crust which had peen baked by the summer sun until it
was hard as oriek. Plows could not pe used, and it was
necessary to use "rooters"., These could not be pulled
by mules, but were drawn by traction engines.

The heavy showers in the 1all loosened this crust
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put did not soak to any depth., The loose 1ills however
avsoebed the moisture freely and early pecame impassgole.
To accommodate trairic, and provide for the passage of
the United States mail carrier, it was found necessary
to cordurory the clay rills with slaps, ootained from
local sawmills. Following a rainy spell or smnow the
elay cuts could not pe worked, not pecause ox the con-
ditionse in the cuts, out on account of the condition
or the rills. The fiils veing louose, avsorwved water,
with the result that the teams and serapers mired up,
and the work st these points was stopped.

fherever sandy soil was encountered, however,
work progressed all winter. This soil though avsoroing
moisture quickly, dried out rapidly, and at no time
pbecame impassable. In the spring the sandy stretches
dried out rapidliy, and surface could pbe layed on these
places when the clay fills were still tco soggy to per-
mit or rolling. Across the Blue Ridge in Alvemar.e
County, the red clay is especially tenacious in holdiug
moisture and the laying of surface there is fully two
weeks, to one month, later in the spring, than in the
Shenandoah Valley.

This matter ot the apsoroving and retaining or water
by soils, is of very great importance in pbuilding
pituminous roads. This type or road, the top course
being elastic, requires a firm, solid opase, which in

turn must rest on & sSoviiu subgrade. If conditions are



such that a solid subgrade can not be obtained, special
treatment of the surface is required. This will be
taken up later,

In mountainous sections the dry subgrade is not
s0 hard to obtain, for there the drainage is good, as
a rule. That is, the ground being steep, with natural
water courses, the only thing necessary is to provide
sufficient drainage structures otf adequate size. On
the other hand, in the valleys it is not unusual to
find places where it is difficult to determine in which
direction water would flow. Here care must be taken
to provide ditches to lead the water away irom the
roadbed, =and avoid ponding.

Another problem in grading is the packing oi the
fills at time of placing, so as to avoid later settle-
ment. This ideal condition can not be realized complete-
ly, but care must be taken to reduce the subsequent
settlement to a minimum, Several methods are used to
obtain this result; (1) by using wheel scrapers to make
the fills; (2) by using wsgons;.and (3) by rolling the
£ill with a ten ton roller. No matter how placed, or
whether rolled or not, the f£ills should be made in
layers, and these should not be over fifteen inches
deen.

The steel tires of the wheel scrapers or wagous,
88 they pass back and forth over the tills, pack the

material to greater advantage than a roller., Ii the 1ill
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is more than five feet deep, and,K the surface is to be
laid within six months, it should be made in one foot
layers and each layer rolled thoroughly. Too much em-
phasis can not be placed on this compacting of the fills,
25 a smooth macadam surface can not be maintained if
there is any subsequent settling or the xill. The
pictures on pages 14 sna 15 iliustreate the zpove.

The first illustration shows the rough suriace,
even atter patching, caused by the fill being made in
deep layers and not rolled until compacted. The other
picture shows the surface very little distorted by
settlement, due to the tiil having beem made 1u TWO
foot layers with wheel scrapers, =nd thoroughly rolled.

In mountginous sections, where the cuts will run
from fifty to one hundred per cent rock, the danger of
settlement is not so great, depending on the kiud of
rock., Some rocks, such as a form of slate and shale,
disintegrate very rapidly when exposed to the air,
and action of the weather. Here, of course, no amount
of rolliug will prevent setvtlement. The tendency now
is to grade these mountain roads aud allow them to
stand a year or two, before placing the surtace.

Egvrecially is this a good practice when there is
much "side hill"™ work (Figure 1). Here the tendency is
for the fill to slip on the o0ld ground and give a re-
sultant poor surface, as shown in the picture on

rage 17. The f£ill was made as the figure (Figure 1)
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shows and the surface placed one month later.

In the mountesins fills of thirty, or thirty-five
feet are not unusual. Since the amount of settlement
is five, or ten per cent of the depth of the fill,
sometimes more, it is easily understood why roads in
these sections should be left a year or two, before
nlaecing a2 macadam surface on them.

The presentv system under which Virginia is puild-
ing roads, "the pay-as-you-go method", is especially
conducive to this "delayed surface" construction. A
limited amount of money is available each year, under
this plan, which must be proportioned over the entire
state. This means that many projeets caun only oe grad-
ed and the drainage structures puilt; the surrface veing
placed one or two years later, as the funds pecome
available. To the layman this does not seem to pe ac-
complishing what is desired, but as a matter of rfact
it is the best possible arrangement. The Highway De-
partment has snown good Jjudgement in only gradiung the
mountain roads at preseut, and confining to a large
extent, the surface work to the valley sectiouns.

Care snhould pbe taken in maXing a Ii.l not to
allow any thoroughly soaked material, or muck, to pe
placed in it. Clay, thoroughly soaked, is a long time
in drying out, especially if placed in the middle
layers oi a rill. Muek, or earth with partially decayed

vegetable matter, can not be used at all. It is very
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spongy and can not be gotten in shape to lay a surface
on., Both the above materials, should they be placed in
a fill, must be removed and dry material, rree of par-
tially decayed vegetable matter, substituted. The grad-
ing should be done with the fact in mind, that the
surface can be replaced, but that the grading is us-

ually done but once.
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III Drainage.

0 equal importance with careiul grading is the
proper drainage of a road. Here eungineers oiten prac-
tice the theory of "false economy"§ effecting s saving
by the ommission of a pipe line, or cutting down the
size of a box culvert. But the resultant damage during
s heavy rain may cost more to repair than the saving
smounted to.

Some engineers have am arvitrary rule of a pipe
line every three or tour nundred reet. A more reason-
able method is to study the dresinage channels and place
g pipe, or box culvert, of sufficient size to carry
the runofrr. Large bridges are, of course, desigued with
reference tvo the draingge area by the Bridge Eugiuneer,
and are not left up to the man in the field.

Pipe 1ines should be piaced shead of the grading,
if possible, and at least at the same time that the
grading is done. If they are not placed in time, it
may result in the cut or fill becoming soaked and un-
fit for surfacing, thus delaying the work, The staking
out of pipe lines shouid ve done with two points 1in
view. First, of course, that or serviceavility, and
second tnat of adding to the general appearaance oi the
road., This last point is oiten uneglectved, and pipe

headwalls stiek out glaringly, as 1 moanumeats to poor

20
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judgement.

There are numerous tformulas and tables which may
pe used to determine the size of pipe required, accord-
ing to the area drained and the slope ot the land.
these may be used, or the local residents may be asked
a8 to how much water the different channels usually
carry. This is not bad practice, ror it will be 1ound
that they are inclined to give a slightly larger vol-
ume than ordinari%}y runs off. But this is on the safe
side, and takes care of exceptional rains, or wet spells.

As stated before, the main consideration in moun-
tainous country is that of getting a sufficient number
of openings of adequate size. In the valleys, however,
this is changed. Here there is orten no clearly derined
drainage way, and one must be made. It is not unusual
to find places where the ground is apparently level,
with no opportunity or leading the water away, even
atter it is taken from one side or the road to another.

A pipe line sometimes gives the impressioun that
‘that is all that is peing done; justv changing the water
rrom one side of the road to the other. Here though
a little time with a level will very prooaply disclose
a slight difference in elevations, A ditch cerefully
cut to a grade line, will solve the proolem. Even a
very slight grade of one vr two tenths per cent, will
pe surricient to lead the water.

An example illustrating the avove occured Jjust



north of Greenviile, The plans called for the placiug
of a pipe line at a point, where there was no apparent
way of disposing of the water which would flow through
it. A line of levels was run over the strip of ground
ad jacent to the roadped, however, aud it was found
that a diteh, with slight rall, ceould pe easily cut
here. This was done =nd the water rollowed this course
withouv giving any trouble.

Another exampie occured at Luray. Here a pipe
line was placed across the road, which tlooded a man's
garden. There was no way to earry the water away rrom
his garden, due to a railroad embenkment on the other
side. By running a line of levels though, it was found
that the pipe line could be removed, and the water
carried along the road for a distance of several
hundred feet to another pipe line,

To return to the second point to pe considered;
thet of adding sttractiveness to the road. This long
neglected point is coming more and more into prom=-
inence. Since & large proportion or the population
of the United States have taken vo touring the country
in automooiles, the idesa of "sceniec highways" has
developed two meanings; the natural scenery of the
surrounding country, and the peauty or the road it-
self, Just as one false touch in a picture ruins the
whole, so an ugly headwall along a highway can ruin

it's whole appearence.



23

In order to secure this good eftect, the pipe
lines must be staked out intelligently. The Virgiunia
standard eross section calls for a three foot shoulder
in a cut, between the edge of the macadam and the pe-
ginning or the ditch (Figure 2). The pipe line. should
pe staked out to extend one foot veyond tnis shoulder
line., Then when the one tfoot thick headwall 1s placed,
the top of it will pe even with the edge or the maca-
dam, and it's back side on the line ot the edge o1 the
shoulder, Thus it will not obstruct the roadway, or
project up above the road as a monument.

In a fill the same practice should ve rollowed.

It the £ill is shallow the back of the headwall shoula
pe on the shoulder line, and the top even with the edge
oI the macadam. For deep 1ills the pipe should ve
staked, so that the pvaek or the top or the neadwall
will cateh the slope of the rill (Figure 3).

An interesting situation arises in mountainous
sectious, as to the laying or pipe lines; whether
they should pe layed on the originai grouna (Figure 4a),
or on the rill (Figure 4p0). In the 1irst case a loug
length or pipe is required, while iu the second case
the length or pipe is reduced, and a rip rap spill-
way protects the fill from scouring. Comparative costs
show the second, or "o", to pbe the cheaper. This method
has the further advantage, that a short pipe line is

more accessible, being near the top of the roadbed,
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and is more easily kept clean, or repaired.,

Figure 4c¢ illustrates a conditiou where it is
advantageous to lay the pipe line on the original
ground with the»end up in the slope og the fill, It
this distance above solid ground is not over two feet,
the height of the headwall can vpe increased below
the pipe and thus take care of it. Needless to say
that headwalls must rest on solid roundatious to
serve their purpose. If the pipe is over two feet
ebove solid ground the rip rap spillway method should
be used.

As a further a2id in securing attractive roadways
the tops of headwalls, and the handrails or culverts
and bridges should pbe pbpuilt to contorm to the grade
of the road. This makes them blend into the general
picture and not stand out glaringiy as "pucking horses™
(Figure 5a-b).

Bridges are designed by the Bridge Engineer and
the man in the field has no responsibility other than
that ot good workmenship, except in the roundatious.
The specifications aud plans require that the "ifowu-
dations shall be approved by the Engineer". As solid
rock is not always obtainapole, other materials must oe
made to serve as a foundation. Solid clay, or gravel,
well below possible sceour, are excellent foundations.
For smaller bridges only ordinary footings would be

required on this kind of material, but for large struc-
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Headwall coniorming to grade.



tures a "spread footing", to opbtain more vpearing,
may be necessary.

Less solid material, such 25 moist sana (yuick-
sand would oif course require piles, or different treat-
ment ) requires special consideration. I not too un-
stable a spread footing may serve. One method that has
proved practicable was the use or a grill work or large
timbers, untreated, such as shown in Figure 6. This
method was a2lso used where oune ledge of solid roeck
was struck in part of a foundation and the rest was
clay. The grill work was used so that a settlement in
the clay would ve taken up oy the timvers and wuot
oreak the coucrete.

Concrete coustruction is a subnjeet in itsel:z,
put there are a few points which should be brought
out here. These comprise the building of the forms,
the mixing and piacing of the concrete, and the finish-
ing of the surface. The engineer in charge or the work
is responsible for these being done correctly, and
there are several points which should pe stressed. So
much research work is being done in the field of
concrete construction, that rules laid down to-day
mey be considered very poor practice to-morrow.

Several years ago it was thought that any loecal
material would do for concrete, and the methods of
mixing were indeed "rule of thumb". The aggregates

and cement were mixed to-gether, water added, and the

A



GO

2 J;‘Jy

So ik e yer of A ers

/=

7'p of Fpof‘/ﬂq

|
= e A D e o BT S R R -—’7//’
//:AAT 5 A ;'0 C‘oncr e. /‘e x .4\-4’ 2434'/////
Zfo:'é;"é P e Q.L'A‘-.:*.,.’Aw:“4'*,-//
f 3%_@@_@_&19_&&_@

N //////// *,//////// // ST ik
Timbers-wel/l j/'otrfea/ |

PROFIL E.

T2 ber yr/'//wark For ér/'a/_ge Fourndatior

/5;9 ure 6



53

gquality of the mixture was judged by the color. This
seems indeed primitive to-day, with our exact propor-
tions for aggregates, cement, and water, and our methods
of testing. To the old "concrete men" all this seems
foolishness, but tests have shown that concrete made
under modern specifications is five or six times sas
“gtrong, as concreve made under the old "hit snd miss"
methods.,

Good forms are as necessary to good concrete
as good aggregates and zood mixing. Bad forms give
ugly lines, honeycombed concrete, and are a disgrace
to the engineer who allows their use. Forms must be
water tight, have true face limes and syuare corners,
and be adequately braced. It is better to have more :
then sufficient bracing, then not to have enough.
Really good concrete inspectors are rare, and s man
to make a good inspector must know when to say,™no".

Forms 1or concrete work should be built ox cleasn,
straight, sound lumber. For race walls only dressed
lumper should be used and it should be two inch stock.
For back wall forms, and unexposed surtaces, rougk
lumber may be used, but it should be straight so that
tight joints may be obtéined. One inch staoek may be
used here, but it must be well braced. For bracing,
pieces two inches by four inches (two by zours) are
generally used. Under slabs, and beam spans, .Larger

pieces are necessary to prevent sagging.
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Good =2lignment of handrails on bridge.



The forms must be built with tight joints, for
otherwise the mortar will leak out and leave a
"honeycombed™ surface. Great care should be taken to
secure straight lines on the forms, and good corners,
as a2ny small irregularity in the forms will show up
much more glaring in the concrete. The dimensions
of the forms must be carefully checked, and in build;
ing &butments for bridges, the bridge seat particu-
larly.

The proportion of aggregates in mixing concrete
differs considerébly in different States. Iun Virginisa
the proportions for Class B concrete (mass concrete)
are: one - three - six. This is a very poor mix and
extremely hard to work properly in the forms; the
ratio of coarse aggregate to fine, is too large.

With sandstone, which erumbles in crushing and handling
and therefore has considerable fine material, the
results obtained are fairly good. On the other hand
limestone, granite, and trap rocks give poor results,
~8 there is not enough fine aggregate to f£ill the
voids. Other States (West Virginia, North Carclina,
etc.) use a one - three - five mix which is much
better. For reinrorced concrete construction Virginia
uses what is called Class A mix; one - two - four.
This is a very good mix, easily worked in the rorms,
and gives a surtface that is easily finished.

The tendency is to use too much water in mixing

34



the concrete and this point must be carefully watched.
A mix should be Jjust wet enough to work well in the
forms and not sloppy. For reintorced concrete work
the mix must be rluid enough to completely cover the
reinforeing. From recent experiments there has been
evolved a test, known as the "slump test", which
shows when bhe correct amount or water has been added.
This has been incorporated in the Virginia spec#ri-
cations and is now used on all projects. It consists
in £illing a cone shaped form with a sample of the
batech to be tested, and withdrawing the form. The
resultant amount of slump in the mass of concrete
determines whether there is an excess of water or not.
The greatest trouble experienced in concrete
work is getting the men to work the concrete in the
forms., It must be tamped until the mortar rises to the
topr, and then a spade must be punched down along the
walls of the forms until the rock are worked back.
This will give a dense concrete, and at the same time
a, surface, when the forms are removed, which can be
easily finished. It requires constant watching to see
that this "spading" is done, pbut it is cheaper vo
the contractor in the end. On a project at Gore, Vir-

ginia, the contractor would not spaed the concrete,

and the result was 2 badly "honeycombed", rough surtace.

He spent one months time, and a hundred and triity

dollars, pavehing and ruvoing one aoutment, in order

22
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to get it in acceptaple shape.

In warm weather, when the concrete will set quieck-
ly, the forms should be removed about twelve hours
after the last concrete is placed. In cold weather
two gr three days shéuld elapse, as the concrete will
-be slow in setting. After the forms are removed all
honeycombed places are pabched, and the exposed sur-
taces of the concrete rubbed with = wooden float,
wet with clean water. This removes all board marks
and leaves a rough finish., Some engineers accept this
finish, but the best finish is obtained by rubbing
the surface again, atfter the concrete has hardened,
with an emery stone, or carberundum brick. This will
leave a smooth suriace, which is preferaple to the
rough, sandy finish, While not incorporated in the
specifications, Virginia regquires the smooth rinish,

Connecting the grading, drainage, and surtface
is one very important point, much neglected. That is
the tamping oxr the backtfill to culverts, or bridges.
The material placed here shoulda ve well tamped, or
a better method is to "puddle" it. This consists in
thoroughly wetting the maverial as placed. It wuhis
is done there will be very little, if any, ifuture
settlement. If this settlement is taken care or,
the surface when laid will pe smooth; otherwise a
pump will result which will reyuire patching for

several years.
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IV Surtace.

The work of laying a bituminous macadam surtace,
penetration method, consists of three distinct steps:
(1) cutting and preparing the subgrade; (2) laying
and bonding the base course; énd (3) laying, pene=-
trating, and sealing the top course. Each or these
steps is distinet in itselt, bput each one is necessary
to the others. Poor work in one is opound to show up
in the others. For this resason great care must pe
taken in each step.

The macadam is the last step in the job; tvhe end
toward which the grading and drainaze have wveen lead-
. ing. Iz they have vpeen handled sucessiully, the result
should not be maged'oy & poor suriace course. But good
work here can only be obtained by constant watchful}-
ness, and the use of good judgement and commou Seuse.

In the preceding two divisions of the work, the
engineer has had to deal with different problems,
but in surfacing he will tind that almost every day
will present a new problem, or diftficulty to be met
met and solved. Here the old saying was never more
truly spoken, "that s man's usefullness is over when
he has nothing more to learn”™. For in penetration
macadam the engineer is constantly finding something

new, and learning new ways to do old tasks.
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IVa Supgraae.

The supgrade is the roundation or the surrace,
sand, as in all work, the r1oundation must ve good if
the surfasce is to be good. Its pertfection rests mainly
on the work dome in grading and draining. But still
the subgrade must pe cut to coniorm te the template
of the desieed cross section. This is sometimes
known as "ditehing". By template is meant vhe crown
which the tfinished suriace shall have., The Virginia
standarda for pituminous mecadam is one halr inch to
the foot. In cutting the suvgrade a wooden template
with a2 level bpbubble set in the top is used. To cut
tnié correctly the ordinates (vertical) are tound
by the formula shown in Figure 7. This is the Ior-
mule for parapolas, and the crowned suriace is a
parapoliec curve., The picture on page 40 shows oue
oif the temvlates used for an eighteen oot macédam
road,

There are two much used methods ior cutting
suograde: by hand, -and:py usisg- s road machine.

The tirst is much slower than the second, out the
result is petter, except where the road machine op-
erator is an unususlly good one. To cut supbgrade ac-
curately, levels must ve run and stakes set (either
marked with the cut or £ill, or the tops driven to
subzgrade ). The subgrade is cut accordiug to these

stakes and crowned according to the template. This
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should be used every five feet at least, and the
subgrade pbrought up exactly to it. In addition to the
template, a straight edge (a bpoard apbout fifteen teet
long, with one perfectly straight edge) is used long-
itudinally.

Thus ir the template and straizsht edge are used
carefully, the finished subgrade will present a sur-
face true to cross section and the grade of the road.
This subgrade must be rolled with a ten ton roller
until it is firm and solid, and will not cut up widex
8 truck or wagon. Of course in very dry weather there
will be some duston top, or in wet weather the wheels
of a vehicle will make some impression, but the sub-
grade should never be in such condition that they
will cut deep.

In very dry weather it is advisable to sprinkle
the subgrade a little to lay the dust, and also to
aid in meking it easier to shape. Care must be taken
however, not to get the subsrade too wet. During the
spring and in the fall, the subgrade will be damp,
particularly in the mornings. At these times care
must be takeh, that base stone is not laid when the
subgrade is so damp that it will cut deep under truck
or wagon,

This matter of not having ruts i. the subgrade,
and of having =2 good cerowned surface, is important,

as it will have to stand exposed to the weather, If
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it is not solid and crowned water will collect and
stand on it, and e soggy place will result. These
pldces are hard to deal with and frequently mean a
weak place in the road.

Another point in preparing the subgrade is the
cutting of side drains (Figure &). These lead off
through the shoulders on either side from the edge
of the subgrade. On level or light grades these
should be cut every fifty feet; on steep grades (5%
or over) they should be cut every twenty or twenty-
five feet. These drains serve to carry off the water
shed by the crowned subgrade.

On a grade these drains must slant away from
the grade. On sharp curves they should ve cut close
to-gether. When the base is laid these drains must
be kept open or filled with large rock, so as to still
dr=2in., The danger oI subgrade becoming soaked is not
past until the seal coat is poured, s all other work
will a2llow moisture to sozk to the subgrade.

If the subgrade should become soaked and 2 spongy
place develope, this material should pe removed and
dry material put in its place. Should this not pe
npossible for any reason, some other treatment must pe
used., Several methods of dealing with this situation
will be taken up later. The preparation ox the suo-
grade is too often neglected., The result is a rough

surface on the macadam, or weak places in the road
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due to laying base on spongy material. "A chain peing
no stronger than it's weakest link"; ir the subgrade
is not right, the macadam will not be right.

At the south end of the town of Greenville, Vir-
ginia, it wes necessary to lay a streteh of macadam
on wet, spongy subgrade. This was not a case of neg-
ligence on the part of anyone, but was made necessary
by the location and the tame of year. It was in the
late fall and this stretch had just been graded. A
heavy rain soaked it thoroughly =nd there was no
prospect of it drying out until spring. Being in the
towvn it was necessary that traftfic go over it during
the winter, and unless it was surfaced this stretch
of road would have become impassable. Suriface was
accordingly laid on it, but the pieture on page 45
shows that it has been necessary to extensively patch

it only ene year after completion.



Surisace laid on wet,

spongy suvgrade,
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IV'b Base.

The second step in surfacing is the laying ot the
base. This may be one ot two kinds: either of cruéhed
stone, or of hand broken stoune. It is easier to get a
good surface with the first, but the second is cheaper.
VWWhere cheap labor is plentirul a hand oroken base is
generally used. On projects where conviet labor is
used this type otr base is piaced. In mountain sectious,
such as nezr ILursy, Virginia, lapor is plentitul and
the hand broken base was used here. For either type
base the stone must be rirst tested by the testing
laboratory at Richmond, and must pass Grade B test.

In the crushed stone pase course, the stonc must
pe between two inches and three and a half inches
in size. The pieces must be aungular in shape, and all
flat, slab-like pieces should be thrown out. These
will not tie in with the other pieces of stoue, but
will shift about and make a weak spot in the base.

Stone is plentirul in the Shenandoah Valley,
put it is not situated in such s way a8 to make guarry-
ing cheap. The predominant rock is limestone, out it
is hard to find ledges which will pass specifications
for use in surfacing. The limestone does not lay in
solid ledges, but is in lmobs with large seams or clay
2ll around it. This makes quarrying expensive, as it
is often necessary to move twice as much dirt as the

stone obtained. It was necessary to send eight samples
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from one yuarry site near Greeunville, Virginia, pexore
a ledge was found which would pass Grade A tesv. This
yuarry contained so much clay that stone could only

be gotten out for two days a2t a time, and it was then
necessary to close down the crusher and clean up the
quarry site.

The hawa broke.. base course is made up 0I STOoune
wnich have opeen broken by hand, and the pieces shall
not be larger than six inches. The large rocks, either
field stone or stoume from a quarry, are placed on the
prevared subgrade and broken with napping hammers.
OQutside of tne method of oreaking the stoune, the Two
kinds or bpase course =are layed the same.

The pbase stone is placed on the subgrade and
spread to the required depth by the use or wood blocks.
These plocks should pe a perfect syuare on every face,
so that no matter how placed they will be the correct
size., There is a tapnle rurnished each inspector show-
ing what size plock should pe used to.get the desired
depth of compacted base. For a six inch pase course
the plock should pbe seven and seven-eighths iucnes,
The specirications amd plans iun giving the depth oxf
pase course refer to the depth when compacted.

If the suvgrade has veeun carerully prepared the
blocks can be used to the greatest advantage. For theun
if the loose stone is pbrought up even to the tops

of these blocks, the depth will pe unirorm across the
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roasdvay. One source oi uneven suriace is here; the
subgrade is not smooth, the olock rests oun a high
point or a low point, and the result is a hump or
dip in the surface. Even with the blocks though care v
must be taken to get the surtace of the base smooth,

Arter opeing spread to the required depth the vase
is thoroughly compacted by rolling with a ten ton
roller., By thoroughly compacted is meant that the
stone are keyed to-gether amd do not shirt uuader the
roller. The voids vetween the stoue are then rilled
with rine material; chips (gqguarter ineh to au inech
and a halfr) are spread over the vase aud it is rolled
ag2in, Then stone dust is spread on the suriace and
wor<ed into vhe remaining voids with stiiz ovrooms,
ntter whiech the whole is rolled again. This process
tills the voids petween the keyed stones and the whole
gives a firm foundation for the top course. The pase
course 1s nmow Sprinkled and rolled until it is com-
pletely ponded.

Limestone gives the pest results in ooudiug,
due to its very good cementing gqualties. Saudstone
will obond very well, out crushes uuder the roller.
Granite and trap are very hard to oond, as they are
hard rocks and do not cement to-zether easily. Where-
ever possipole iLimestone should pe used for the pase
a8 it gives the pest results.

It is sometimes necessary to alter the aoove



method of oonding the pase, A small stretch or spongy
subgrade will be encountered; not bad enough to require
removing, but pad enough to make it impossible to pond
the base oy the regular method. Or it will pe necessary
to put the surrace on a short streteh of recently
graded road that has pecome wet, in order to allow
traftic to get over it during the winter. A solid,
unyielding base can not pve laid in these places, put
one with some elasticity is required.

The vest solution has pbeen round to pe 8 peuevrated
pase. That is the pase stoue are laid aud compactea,
put the voids are not rilled. Where a crushed stone
pase is used no filler is required, out where a hand
proken pase is used some or the voids should ve rilled
with two inch stone. The vase stoune are them cuvered
with asphalt; avout a gallon and a quarter to the
square yard. This must ve applied with pouriug pots,
py hand, as a distrioutor would rut the pase. As this
asphalt is not covered with chips, ouﬁ'the top course
laid directly ou it, the ruts could not pe "ironed”
out with the roller.

This method serves admiraply, and oiten saves
considerable expeusive tearing up and replacemeut ox
pase. The subgrade veing yielding au elasstic pase will
give with it, but will not be permanently distorted or
broken. The top course is elastic also and hence the

whole will give under a heavily loaded truck, bput will
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not erack or break, as would nappen ii you attempted
to lay a bonded base.

By a "yielding subgrade" is meant one that will
give under a roller; to an observer the appearance is
that of a roller passing over a great mass of cotton.
The ground forms in waves under, and after the roller,
which is given the rising and falling motion ox a ship.
This soft ground must not be confused with mud or with
muck. These two will not support the pase at all and
can only be removed and replaced. The pieture ouun page 51
shows a section of road that was puilt with this "pen-
etrated base". It was puilt three years ago on soit
subgrade and only shows the ordinary amount of patch-
ing.

In dumping the crushed stone base, it should be
done in either of two ways. Either dumped on a dumping
board 2nd placed on the subgrade trom there with forks,
or dumped direetly on the subgrade slightly ahead ox
where needed, and forked into place. This procedure is
necessary because in running from the crusher bin to
the road, what dust was in the stone is jolted to the
bottom of the truck or wagon, and comes out in a pile,
covered by the large stone. If allowed to lie in place
this fine material will not compact under the roller
and will cause a hump in the base. Hence all "pockets"
must be removed and scattered out over the top of the

base.
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As the Dbase is shaped up and bonded a template
should be used to be sure the correct crown is re-
tained, The straight edge chould also be used to get
a contionuous, even profile. Even with these 2ids,
the inspector‘must depend on his eyes to detect humps
-and hollows, and must have these uneven places correct-
ed. A smooth surface depends on a smooth subgrade and
base, as mueh as on a smoothly spread top course. If
these two are smooth, the chances are much greater of
obtaining a smooth top.

The template should be checked frequently, perhaps
once =2 day, to be sure that it has not sagged in the
middle =and thus decreased the amount oxr crown. Also
that the level bubble is set true in the board. Con-
stant rough use will cause these errors ii it is not
watched =2nd eorrected. The 1irst check is secured by
stretching a string tightly trom one pointvOI the tem-
plate to the other, and measuring the distance from
the string to the template 2t the middle (Figure 9a).
The bubble is checked by leveling the template in one
place and turning it end for end (Figﬁre 90).

In laying the base the width should be carefully
and freguently checked. Not alone the total width
from edge to edge, but the width on either side with
reference to the center line. The edge of a macadam
road is the first place to break away, and care should

be taken to see that the top course will have plenty
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of base to rest on. If a narrow place is discovered
when the twos are laid, it means tearing them up in
order to correctly bond the necessary additional width

of base.
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Number two stone ready to penetrate.



IVe Surzace.

The top, or wearing course, of the macadam is
built of "numpber two" stone, ranging in size from
one and a half inches to two inches. This stone is
spread over the pase in a three inch layer, which
will compact to two inches when rolled. Blocks are
used here in spreading the number two stone, as in
the base. The same care must be taken to see that no
dust pockets are formed in dumping the number two
stone. Care must also be taken as to the size or the
stone, and all pieces over two inches thrown out.

It frequently happens that long slabs, only two di-
mensions two inches, will come through the screen,
and these should be picked out.

Only clean stone should be used in this course.
Dust, dirt, or other matter clinging to the stone
will keep the asphalt from adhering torit, and the
surface will "ravel" (tear up) soon after put down.
For this reason only clean stone should be put down,
and if it becomes dirty after being placed it should
be removed. Some contractors will objeet to this, of
course, as it means 2 loss to them, but it is absolute-
ly necessary.

After spreading the twos they should be surfaced
with the careful use of the template and straight
edge. This is the last opportuunity to get a true,

smooth surface and great care should be takeun., This
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is the main fault now found with macadam roads, rough
sﬁrrace, and it is due to poor inspection. Few men
can spread stone by eye so as to get a smooth surtrace,
put with the careful use of the template and straight
edge there should be no trounle.

An often neglected_point is the edge of the mac-
adam. This is true from two standpoints; first it is
not built strong enough, and second it is not lined
up so0 as to give a good appearance to the road. As
stated.berore the edge is geuerally the 1irst place
the suriace vreaks, This is vecause cars ruu oii oi
it 1in passing other venicies, aand norse drawa venicles
will almost invariably stay close to the edge.

To secure strength there should ve the rull depth
o wvase under the =dge, and in pene£ratiug the top
care should pe taken to get the rull amouut o1 asphalt
here, The tull depth or vase caun pe secured vy using
one or the spreading olocks at the edge, aud vy check-
ing the width ot the vase; not ounly the total widtun,
out also with reIerehce to the center line. As to the
asphalt, ,it should pe applied so that there is a six
inch strip of it over on the dirt shoulder. This should
be done because the last six inch spray from a dis-
tripbutor is only half as much asphalt as is regquired.

The lining up ot the edge of the macadam is not a
hard thing to do and can pe done in several ways. Oue

is by the use of wooden forms along the edge while
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spreading the twos, and another is by the use of a
line. The former method secures the best results, as
the line is usually used in a sloppy manner. The wgod-
en forms consist of two ineh poards, about four inches
broad and about ten feet long. These have a hole in
each end through the narrow edge, so that they may ve
held with the four inch side vertical. These 1orms are
rastened down in place vy steel pims, or loag Spikes.
They are lined up either vy measuring iIrom stakes
along the side or the road, or oy eye. The earth
shoulder is pbuilt up on the outside ox these forms

and the numpber two stone spread on the inside. When
these two operations sre compreted the rorms are re-
moved aud carried ahead; the dirt shoulder holding

the stoune in place.

The method of using the line is somewhat similar,
bﬁt the result obtained is usually a ragged edge. The
line is stretched between pins driven along the edge
at the right distance rrom the center line. The earth
shoulder is theu ouilt up ou the outside ox the liue,
and the twos are spread directly against this dirt
shoulder. Due to the dirt falling in on the base, trucks
running over the shoulder, ete., the result is a rag-
ged edge. By using the forms the edge of the macadam
will pe straight and will stand out distinet for a
long time., With the line method the edge is irregular,

and soon becomes indistinet. The i1llustrations on



peges 59 and 60 show this. The first is of a project
completed three years ago, whnere the forms were used.
The second is of a project compieted one year ago
where only a line was used.

In spreading the numver two stone it is just as
important to see that the stone are not too thick,
as to be sure that they are not too thin. The asphalt
will not penetrate through over three inches of rolled
stone, and if the stone are thicker the additional
depth will not be bonded. This will give a shifting
mass under the surface, cause "rolling", and result in
a break in the macadam. At first thought it would
seem that the thicker the stone the better road, but
for the above reason such is not the case.

After the twos are sprread and "leveled up" they
are rolled; once over with a2 ten ton rgller. This is
not an invariable practice however, as conditions
may make it best not to roll the twos before penetrat-
ing. If sandstone, or similar roeck, is used, it is
best not to roll the twos as this stone crushes badly
under a roller. Agsin if the number two stone runs

small in size; that is one and a half inch stone pre-

dominates, then they should not be rolled, as the stone

will key to-gether until tne asphalt will pe unsable
to penetrate.
The asphalt used is either one of two kinds; a

natural asphalt known as NA-2, or a product of petro-
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leum known as OA-2, This material is applied in two
coats, a penetration, and a seal coat. In the first
coat one and three quarters gallons are applied to
the square yard, and in the second coat one half gal-
lon to the syuare yard. These are applied by either
one of two methods; either by handpouring, or by a
distributor.

The capacity of the.pouring pots (if hand-poured),
or the distributor (if machine applied), is known and
a distance is staked off whiech will aillow ror the. re-
yuired number of gallons to the syuare yard. Tne asphalt
must be heated to a temperature ranging from two hun-
dred seventy-five degrees, to three nundred-firty de-
grees Fanrenneit. The best results are obtained when
it is applied 2t a temperature of three hundred twenty
degrees. It should not be heated above three nundred
fifty, as to do so will vurn the material 2nd it will
be useless,

The temperature of the atmosphere should not
be less than sixty degrees, except in the early
spring or the early fall when the asphalt may be ap-
plied at fifty. It should not be done then unless there
is every indication that the tnermometer will reszister
sixty or above, later on in the day. Asphalt ceools
guickly, and when cold is =s brittle as glass. Hence
if it is applied when the thermometer is low, it will

cool very rapidly when it strikes the cold stone, and.
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will becume brittle. The i1irst vehicle over it will
preak the bond and the surrace will ravel rapidly.

It this oceurs the only remedy (ix iv has not goue

too far) is to apply a double heavy seal coat, and even
this may not save it if the weather is very cold.

After the asphalt has been applied for the pen-
etration course the surface is covered with chips and
thoroughly rolled. The chips should be spread so as
to cover the surface and fill the voids in the top
of the penetration course. The surface is then thor-
oughly rolled until it is compacted, and any irreg-
ularities in the surface ironed out if possible. It
may be necessary in extremely hot weather to grease
the wheels of the rollier to keep them from sticking
to the asphalt, aﬁd also to wait a haltr hour or so
to allow the asphalt to cool somewhat.

After the surface has been sufficiently roliled,
all excess, or loose chips, are swept off and the seal
coat is applied. This is applied in the same manner
as the penetration course, except when haund poured the
pouring should pbe at right angles to the previous
application (Figure 10). This coat is very light
(really too light) and care must pe taken to see that
the surface is fully covered. This coat serves to
exclude moisture from the road and it it is not com-
plete moisture will soak in, soften the suograde, and

make = hole in the macadam. Illustrations on pages ¢4
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Hole in macadam due to bad seal coat.
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Hole

in macadam due to bad seal coat,
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and 65 show examples of holes in the macadam from this
cause.

After the asphalt is applied the surface is cover-
ed with chipd. Just enough are spread over it to cover
the surface, and only as many as will stick to the
asphalt. Too many cnips here wii. cause traiiic to
travel in Truts and oot irog OUtv the Whoie sSuriaee,
This puts uneyual strain on the macadam and is apt to
cause it to break through. After chipping the surtface
is rolled thorougnly aund is then complete.

One peculiarity of pituminous macadam is that
it must be opened to traffic as soon as possivle after
being completed. It is an elastiec type of surtface and
like rubber, if not used it soon loses it's elasticity.
An example of tnis occured near Greenviiie, Virginia,
where a stretch of completed macadam was kept closed
to traffic on account of = bridge over the railroad
being incorplete. This secetion was closed ior six
months and, when finally opened to traffic, had to be
patched as the surface had lost it's elastiecity. The

patching was almost a surface treatment.
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V Guard Rail.

After the surface is completed the next steps
are: the dressing up of the work, the erection of
guard rail, and the setting otf right of way monuments.
Kone of these can be done until the macadam is fin-
ished, and they in turn must be carried out in the
order named. The work must be dressed up; that is
shoulders built and ditches cut. Until this is done
the guard rail can not pe built, as it is erected on
the shoulders. The right of way monuments can be set
pbefore the other work is finished, but they are us-
ually left until last.

After the macadam is completed the shoulders
must bpe oﬁilt to the full required width, and the{
banks in cuts must be puirled to an even, regular
slope. The ideal cross section is shown in Figure 2,
and the shoulders must pe built and the ditches cut
to contorm to this. Phis is not an iron oound rule,
but may be modified to suit conditions. Thus if a
shoulder wider than four feet can be obtained uni-
formly on a fill, it is alright., The main thing is
not to have less than a four foot shoulder, and to
have =2n even, regular edge on that. The same applies
to the shoulders in a cutv section; they may not be

less than three feet wide, but may be more if the
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Shoulder more than four feet wide but of uniform width.



same width can be optained for any distance.

The standard ditch in a cut section is known as
"g road machine diteh", This from the fact that it can
be easily cut with a rosd machine. This diteh is de-
signed to serve a twofold purpose; primarily to carry
_ the water from the road, and secondly to allow trafric
to run into and out or it when necessary. Under ordi-
nary conditions this ditch will carry all the water
without any trouble, but occassionslily it will be nec-
essary to cut it deeper. This will only be where the
surrounding country wili not permit of leading the
water away from the road. In such a case it is neec-
essary to carry the water in the side diteh until
s, point is reached where it can be diverted away from
the roead.

The guard rail as crected in Virginia is either
one or three types: wooden guard rail with wood posts,
wooden with steel posts, or wire rope. The first and
last types are in use in the Staunton District and
attention will be confined to them. The sketches on
pages 69 and 71 give the details oi these two types,
and are teken from fthe standard plans. As long as
wooden posts can be secured these two types will be
used, as the cost of the wooden guard rail with steel
posts is very much greater,

Guard rail serves a two fold purpose; it furumish-

es 8 physical protection against vehicles running over
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Completved wood guard rail.
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Completed wire rope zuard rail

with wood posts.

o



high fills, and also gives a Ieeling or security to

s AQriver which is purely mental. It might also ope
said to add to thekappearance‘OI a road, out this
depends upon the mamner in which i1t is erecteda. Care-
Iully ouilt it will add guite a vit to the Looks o1 a
highway; this is particularliy true in the mouuvains.
Guard rail is a rather unew thing yet and will pe con-
siderapnly developed in the next 1Iive years.

In the erection oxi the wooden aunu the wire rope
guard rail it will pe seen from the sketches (pages 69
and 71) that the method or setting the posts is the
same for poth types. The specirications for the posts
are the same, and they may be either square or round
with a minimum diameter of six inches. They may ve
locust, muloerry, or chesnut and must be seven teet
iong. The posts on any one project must be all the
same; either all round or all square, and or the same
kind orxr wood.

The posts are set at a distance ot two feet from
thé edge of the macadam, and where two stretches are
opposite each other the minimum clearance must pe
twenty-two feet. The posts must pe set three and a
half feet in the ground, and the earth firmly tamped
around them. Care must pe taken to see that they line
un, for a slight irregularity will show up glaringly
when the guerd rail ig painted. For the wooden guard

rail square posts give the better appearance, while

15



for the wire rope guard rail round posts are to be
prefered.

The rails of the wooden guard rail must be made
to line up on top. This is rather hard to do, as
vertieal curves in the grade c¢f the road must be
transfered to the rails. It is important though as an
uneven top rail will detract from the appearance of
the whole stretch,.

In erecting the wire rope guard rail the wire
rope should not be stretched taut, but should have
a very little sag. FNot readily noticeable, as that
much of a sag is very ugly, but Jjust enough to allow
- for changes in length due to changes in temperature.
This is supposing the guard rail to be erected in
moderate weather. If erected in extremely hot weather,
the cable should be allowed to sag to 2 noticeable
extent. It erected in cold weather it should be drawn
tight.

The right of way monuments are erected so that
there can be no doubt at any time as to how much right
of way the State acyuired. At different times in the

prast roads have been improved, either by the State or

counties, or by some private turnpike company. Right oz

way wes then acquired, but not marked. Now in tryiug
to reestablish this right of way, since turned over
to the State, it has been found impossible to deter-

mine Jjust where the boundaries are. Fences have bpeen

e
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erected as close to the road as possible and the real
boundary line can not be détermined.

The monuments are erected at the beginning and
end of eaeh curve, one on each side oz the road, and
on tangents so that they will be visible from each
other, snd not more thar twenty-rive hundred reetv
apart. They are set un tne State's land, with the
pack tace of the monument on the line. They are éas1iy
and quickly set, and look very well when in place.
The erection of these monuments 1s the last step iu
the construetion of a project.

In this thesis the phrases "should ve closely
watched"”, "must be carefully checked", eﬁc. are
treyuently used. Not with the 1dea thsat éontfactors
try to shy their work, for few will be found who in-
tentionly do so, but to lay streés‘on the points
which an inspector shoula see are correctly executed.
Slips will oceur due to 1nexperiénced foremen or men,
and it is these'siips which the inspector must watch
- for and have corrected, Occasmonaily 8 contraetor
will try to do work that will not come up to speci-
fications, but these cases are rare. Firm handliung
of such cases as do oceur will minimize the occureuce

o others.



Completed stretch of macadam road.

Including grading, drainage, surface, dressed shoulders,

guard rail, and right of way monuments.
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Proressiounal Experience
oI

George Doniphan Felix

The commencement exercises ot Washington aud
Lee University were held on Wednesday, the rourteenth
of June, in niﬁeteen twenty-one., On this date I re-
ceived the degree of Bachelor of Science in Civil
Engineering. The next day I left Lexington ror
Staunton, Virginia,‘where & enterea.the employ of
the Virginia State Highway Commission,

My actual experience pegan on Friday, the six-
teenth of June, when I repprted to Mr, A. C. Gllke—
son, Project Engineer. The project to which I was
assigned was six miles long and cousisted of graalng
and drainage work, It was located in the mountalns,
twenty miles west otf Stauntoun. My orxrieial fitle
was that of axeman, though my.huties were those of
instrument man. This was beccause there was an instru-
ment man on the project, whose place I was to take,
put until he left I couird only pe carried ou the
payroll as an axeman. Qwing to the ract that I was
fresh from school and inexperiemced, I was not given
the title of instrument man av that time, but when
the instrument man left I was designated as rodman.

The work which I did nowever, was iustrumens



the first project I was assigned to.

Completed road



mans work. It consisted or rerunning the center line,
taking cross sections and setting slope stakes, sStak-
ing out pipe lines, box culverts, and bridges, and
inspecting concrete, Also figuring the quantities
under excavation and concrete. All tpis work was done
under the direct supervisiouw ovir the Project Eugineer,
and my authority ana respoasivilicy was ovaly such

28 he desiginatea to me.,

Aiter reporting oa the project I earliy irouau
out how Liuvuie uvi practical workiay kanowleuge I naa.
One oI the I1rst auties assigned me wasS TO cross
sect1ioa a vorrow pit. Now I hao dome that oa paper
in the class room, 2au 14 thne ilela QUring Ii€LG
work, vut I was atv a 1oSS 10 KaoOW huw Lo proseed,
wuen tola to do it unuer actual workiag coamaitioas.,

I rinally studied out the correct proseedure, vub
only took rour secetious that halr aday. It was a
guvod lesson, Tor I zouna tnat I haa a good deal to
learn yet, and arter thatv I had no troupie.

This projecev aiiorded me guite valuavle exper-
ience, as the grade line laid on the plans was im-
practical and had to pve eutirely changed. The changes
were made by the project engineer, out he explained
them to me, and the experience has been of great
value to me since. There were also two revisious ia
the eligument made vy the prvgect emagiuneer, aaa I

here got my 1irst experience ia locatiug WOrk.



Concrete bridges; showing old and new type handrails.



The Cuatract WOrK Was compieted avout the rirssg
of Decemver, vut the whoie project hada tuv ve rcemeasured,
which kept the project engineer ana party there avout
a month longer. Aiver the i1ield work was completed,
the notes haa to pe plotted, tne gquantities figured
and checked, revised plan and proriile made, and the
final estimate made up., This kept us working until
Jauuary fitfteenth, nineteen twenty-two. »

On this date I wus transtered to a three and a
half mile project in Alpemarle County, avout five
miles from Charlottesvilie. Thils projeci cousisted
of grading, drainage, and pituminous macadam surface,
but owing to the weather conditions work had been
suspended. For avout two months therefore, I worked
in the oifice making up final cross sections, fiual
»lan. and profile, figuring and checking excavation
guasntities, and making up fiual estimete. My title
was still that or rodman.

Apout March first, nineteen twenty-two, I was
promoted to instrument man and assigned to a locating
party. The promption consisted or au increase in
salary and a change in title only, as I had peen doing
instrument mans work for the previous eight months.
The locating party was making a location pbetween
Clitfton Forge and Covington, a distance or avout nine
miles, The party consisted of a chief of party, in-

strument man, and two rodmen, I ran the transit and



Wooden bridge on & grade;

connecting a county road with a new state road.



level, kept thé notes, and plotted the plan and pro-
file. This work was very interesting and gave mé an

insight into the way the plans I had previously bveen
working by, were made.

The midale or April I was traunsrfered vack to the
projecet at Ivy, Virgiunia, which I haa iLett to go oun
loeation. Work had started agaia asa I was used as aa
inspector oi macaaam., I inspected the placiug and
breaking oif hana vrokeun vase, and the vonding oi this
course. Also looked arter the sprezding of the stoue
for the top course, and the application or the asphalt
pinder, This was my first éxperience with this tyuve
of work, put I was uuder a project engineer who saw
that I aia not make any mistakes. This project was
compieted on July uwwenty-ninth and the riunal estimate
w~S turned in on July thirty-trirst. It would have
peen turned in on the thirtieth, but that fell on
Sunday.

August first I was assigned to a two mile project
outside of Lexington, which was peing constructed
with Stvate forces. I was given charge oi the engineeriung
end of the work, aud was directly under the District
Engineer. My title was still that or instrument man.

I ran the transit and level and staked out the work.
This consisted oi retracing the center.line, taking
eross sectiouns and setting slope stakes, staking out

pipe lines, pbox culverts, and bridges, and inspectiug
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the concrete work., When the work hau peen steked out,
I was transrered to a project at Greenviiie,

This project was five miles in leugth aud con-
gsisted or grading, drainage, and pituminous macadam
surface, I was given the title of Iuspector, which
under a then recent reorganization tuok the place
or Project Engineer, and blaced in direet charge oxf
all the work om the project. The 1irst tniug I had
vo do was reestapnlish the cemter line, and cross
section the whole projéct. Pipe lines had to pe staked
out, and also culverts and bridges. After Xmas the
work wés closed down for about a month on account or
the weather, and during this time I succeeded in
getting the cross sections plotted, and the quantities
rigured and checked; I had two rodmen to help me.

When the work started up again in the spring,
the two rodmen were transiered, and I had to handle tne
work tfrom then on by myselt, The work consisted ox
inspection only, so outside ot the fact that the work
was scattered over the whole five miles, one man could
handle it easily. There was comnsiderable concrete on
this project, there being two bridges or over thirty
foot span, four of ten foot span and over, and two
vox eulverts., There was also a wooden bridge over the
Baltimore and Ohio Railroaa.

During the summer the grading was completed and

2ll the drainage struetures pbuilt, including headwalls



Box culvert handrails not conforming to grade.
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to pipe. The macadam surface was completed on four
miles orf the project and the pase laid on halr ox the
remaining mile. During this summer ana especially iu
the 1all and early winter I gained some very valuaoié
experience in regard to the application of asphalt,

I tounda that 1t was very easy to getv tuo many chips

o the seal coat of the macadam, and that the excess
was very harmtul to the road, due to the tendeuncy ox
traftrie to follow iu the same tracks, Also tvhat pitum-
inous macadam must be used snortliy aiter veiug puv

dowi, or 1t will lose its elastiecity and break up when

rinally opened to travel. Another point was that aspnalts

avplied when the atmospheriec tempersture 1S uuder
sixty, does nou give a good joo.

This project was "earried through" tvhe winter and
compleved in the eariy spring. Iv would have veeu cum=-
nleted a muntn svouner than 1t was, Luv Lvhe exitremely
wet spring made 1t i1mposSsivie Toriulsh the surrace, I
completed all the plaus, Cross ssctlous, and prepared
the rinal estimate. All this work was doue awvout a
mouth verore the date oi actual cumpletiom 0 tue Jjow,
and I was transiered a.out a week perore the project
was Iiulshed.

The progéct I was assigned to was avout oue third
completea, ana I relieved an iunspector who hud to go
to tne hospital. This contract was 1or grading asna

drainage only, and was 1our aud & hali miles loug. It

11
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wood guard rail.
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was situatved at Gore, Virgiuia, iu the mouuntains. The
grading ran apout eighty per cent roek aund the cou-
tractur made remarkanle time with one steam snovel.
Each montn his estimate showed avout twelve thousana
eubic yards or exeavation. This 1s small 1or rgllroad
‘work, out I have not heard or any jouv in this sectiown
ol the state where 1t has veen egualed.

The drainage work consisted or sixty lines o1 pipe,
eight box culverts, and onre oridge or two tweanty-five
oot spans. This work was very ianteresting and the
results obvained were very good. A dirrerent contrac-
tor had the drainage wbrk, and he was not or a co-op-
erative spirit. This caused some rriection, out he rinslly
fell in line and turned out a guod class oi work.

On this projeet wire rope guard rail was ouils;
the tirst or that kind in the Stau.ton Disvrict. The
contractor ( same one that had the drainage) co-oper-
ated to the fullest on thnis item of the coutract aud
the result was a guod piece vl work. Tuere was over
a mile of this guard rail, aund 1% was erected speedily
and true to plans. I pelieve that this wire rope guard
rail, using concrete posts instead o wooden ones, 18
the only kind that will pe erected in the future. It
i8 strong, durapnle, and pieasiung to the eye, and
ecomomical to erect, Due tu the diminishing supply oz
timber, a gmard rail not requiring this 1tem must be

selected, and the wire rope tyve with cuncrete posts



Completed section of mountain road.
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18 the pest I have seen,

From the Gore project I wus assigued to the work
I am now on at Luray., Tnis projectv 1s three and a hal:
miles long, and consists vi gradiug, drainage, and
pituminous macadam surface., It was half completed when
I wns placed here, and the work is moustly inspectiou.
I have to remeasure the excavation over the eutire
project, and work up the final estimave. The work is
the same that I have had on the other projects, and

nas not presented any new problems,
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