PRACTICAL TREATISE

oN

ROADS, STREETS, AND PAVEMENTS

CHAPTER L

LOCATION AND GRADES OF COUNTRY ROADS.

Considerations Governing Location.

THE considerations which should govern the Engineer in
locating the line of an ordinary wagon road are (1) the
present and prospective amount of traffic over the road ; (2)
its general character, whether light or heavy; (3) the con-
venience and necessities of the community tributary to the
line ; and (4) the natural features of the country through
which the road must pass. The labor of the preliminary
examination of the ground will be considerably lessened by
keeping in view a few elementary principles, viz: (1) that
the natural water courses are not only the lowest lines, but
the lines of the greatest longitudinal slope in the valleys
through which they flow ; (2) that the direction and posi-
tion of the principal streams give also the direction and
approximate position of the high ground or ridges which lie
between them ; and (3) that the positions of the tributaries
to the larger streams gencrally indicate the points of

atest depression in the summits of the ridges, and there
I g%
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fore the points at which lateral communication across the
high ground separating contiguous valleys could be most
readily made.

Reconnaissance.

With the aid of an ordinary map of the country, if
reasonably correct, it is entirely practicable to trace upon i
with a sufficient degree of accuracy for the immediate object
in view, not only the general directions of the ridges or
highest ground, but also to locate approximately those
routes most suitable for the purposes of a road across the
hills, from one valley to another.

Being provided with the information usually supplied by
maps or, in the absence of trustworthy maps, having secured
that information by an instrumental examination, the tapo-
graphical and other characteristic features of the ground
ghould be carefully studied by travelling in both directions
over the several routes, npon any one of which the line may
be located, carefully noting down for future comparison, the
distinetive features of each.

Aneroid Barometer.

If the line passes over such hilly or undulating ground,
that considerable differences of level are necessarily enconn-
tered in its location, valuable aid may be derived from a
pocket Aneroid barometer. This instrument shown in sec-
tion throngh the axis in Fig. 1, consists of a flat cylindrical
box A, exhaunsted of air, the top of which is thin metal cor-
sugated in concentric circles so as to render it quite elastic.
As the atmospheric pressure increases, the elastic top of the
pox is forced in or down, and as it decreases it is forced out
or up. This movement of the top of the box due to changes

ANEROID BAROMETER.,

in the atmospheric pressure, is con veyed by multiplying levers
DE,_EG, GH, and a small chain IT to an index needic NN
m_ovmg over a circular scale MM, graduated to correspond‘
with the standard mercurial barometer. The spiral spring
S, by its tension raises the long arm of the lever DE, wlwz
the pressure on the top of the box is lessened, thus koep%nrrthe
short arm of the lever constantly in (‘Orlt:iCt-Wit]l the %

fulerum
: B
C. The Aneroid is used by the following ru

le: The sum

= | . . nce, as 53,000
(or twice the height of the atmosphere in feet), is to the ele-

of the readings at two stations, is to their differe

vation required. Thus, if the reading at the foot of a hill

is 30,05, and at the top 29.44, we have the following 59.49
0.61 :: 55,000ft. : 564ft. = :

By the intelligent use of this barometer. the scope of

inquiry may frequently be much narrowed at the outset
the labor and expense of the subsequent .
abridged.

and
| survey greatly
For instance, if the line of communication is t:)
connect two valleys by crossing the high ground be
them, it should be located, other things Vl_)ci~nfY e
lowest depression of the summit. ¥
barometer should indicate with

tween
qual, in the
A reconnaissance with a
an error not exceeding 10 tc

15ft. the relative altitude of the several summit depressions,
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and therefore the best location of the route, so far as the
question of grade fixes the location. The average of sev-
eral observations with the barometer, is desirable.

Surveys, Map and Descriptive Memoir.

The reconnaissance having been completed, and the
inquiry narrowed down by the exclusion of the least prac-
ticable routes, preliminary surveys should then be made of
the several #rial-lines, with a view to determiné their length,
direction, and position, together with a longitudinal section

and numerous cross-sections of each line. All this should

be done with sufficient accuracy and minuteness of detail to

form the basis of comparative estimates of their practicabil-
ity and cost. Money liberally spent in surveys entrusted to
gkillful persons, is wisely spent, and offers the surest guar-
antee against subsequent mistakes and errors of judgment,
Its amounnt, at'the ountside, cannot exceed a very small per-
centage of the cost of constructing the road, while the
results, jndiciously employed, are sure to furnish innumer-
able suggestions for lessening the cost without impairing the
excellence of the communication.

Map.

The data obtained from the surveys should be carefully
embodied in a map, showing with considerable detail, the
topography of the country embraced by the several frial-
lines, the exact position of these lines, and all the longitudi-
nal and cross-sections. The horizontal scale of the sections
ghould be the same as that of the map, while the vertical
scale should be considerably larger, in order to show clearly

all the inequalities of the ground. With a horizontal seale
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of 500ft. to the inch, the vertical scale may be only 20ft. tc
the inch.
Descriptive Memoir.

The descriptive memoir shonld give with minuteness all
information, such as the nature of the soil, the character of
the zeveral cuttings, whether earth or rock, the kind of rock,
ate., ete., that cannot be set forth on the map. The import-
ance of carefully noting in the memoir, and as far as practi-
cable npon the map also, all variations of the character of the

k, and especially of maintaining a strict

cuttings through roc
distinction between cuttings in rock and cuttings in earth, will
be admitted, when it is remembered that excavations in earth
can be made at less than one-fourth the cost of excavations
in rock.

’ Location of the Line.

“In selecting among the different lines of the survey the
one most suitable for a common road, the engineer is less
restricted, from the nature of the conveyance used, than in
any other kind of communication. The main points to which
he should confine his attention are, (1) to connect the points
of arrival and departure by the shortest or most direct line -
(2) to avoid all unnecessary ascents and descents, or in other
words to keep the ascents and descents within the smallest
practicable limits ; (3) to adopt such slopes or gradients for
the centre line of the road as the kind of conveyance used
may require ; (4) to give the centre line such a position with
reference to the natural surface of the ground, and the
various obstacles to be overcome, that the cost of labor for
excavations and embankments required by the gradients
adopted, and also the cost of bridges and other accessories,
shall be reduced to the smallest amount.” (Prof. Mahan.)
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Except in a flat and level country, it will seldom be pr:.ic-

ticable to adopt, for the axis of the road, the shortest line
between the points of arrival and departure. Departures
from a straight line are determined by a variety of consider-
ations. In crossing a dividing ridge between two valleys,
we seek a depression in the summits, in order to avoid expen-
give cutting, or the alternative of steep or impracticable
gradients ; in descending a valley longitudinally, we k:uup
well up on the side of the hill, if necessary, to avoid bridg-
ing the ravines and secondary water-courses ; if we encoun-
ter a swamp or shallow pond, we can frequently, by turning
to the right or left, entirely omit the construction of.. an
expensive causeway or other road bed, or substitute for it a
ghort bridge over a narrow water-course, with easy approaches
on either side; a stream may cross and then re-cross the
direct line, forming an elbow which may sometimes be tuarned
without greatly augmenting the length of the rn:ul: thus
avoiding the construction and maintenance of two bridges ;
we may turn aside and even bridge a stream in order to get
upon t"nat slope of a valley which will give the best expos-
are of the road surface to sun and wind ; or we may lengthen
the road for the purpose of procuring better material for its
construction.

Questions of Expediency to be Considered.

Not infrequently other questions not strictly within the
province of the engineer claim attention to such degree that
although a straight line between the two termini of the road
may be the best, considerations of expediency will very prop-
er!;' prevent its adoption. Intermediate communities fmd
towns contiguous to the line may require accommocstion,

- s iy B P b S

QUBSTIONS OF EXPEDIENCY.

and whether such accommeodation shall be afforded by lateral
branch roads, leaving the main line essentially straight, or
by running the latter through the several centres of busi-
ness, will have to be determined npon principles more or less
independent of the bare problem of construction and main-
tenance. For example take the simplest case of three towns
A, B, U, Fig. 2, situated upon a uniformly level plain,
where the cost of construct-
ing and maintaining a line of
communication will be di-

c
Fia. 2.
rectly proportional to its length.

Suppose the points
of arrival and departure, A and C, to be 120 miles apart,
and that B is equi-distant from A and C, but located
20 miles off the direct line AC. If each town sends ont
208ns of freight per day to be distributed equally (10

tons to each) between the other two towns, a simple cal-
culation will show that with a straight road AC, between the
extreme points and a perpendicular branch road B'B to the
intermediate town, the daily transportation of this 30 tons
of freight, will be equivalent to transporting 1 ton 5600 miles,
while if one straight road be built from A to B, and another
from B to C, the total carriage will be equivalent to conyey-
ing 1 ton only 5060 miles. The difference, (equal to 540
tons carried 1 mile) in favor of the lines AB, BC, over the
lines AC and B'B is borne unequally by the three towns in
proportion of 335 tons to B, and 1024 each to A and C. In
the case stated, it is for the mutual advantage of all the
three communities to locate the line from A to B and from
Bto C. But the conditions would be different if the great
balk of the traffic is between the towns of A and C. For
example, if those towns exchange 20 tons per day with each
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other, and only 2 to 3 tons per day with the town B, then
the total mileage of transportation necessary in making
the interchange, setting other considerations aside, would
gavor the construction of a straight line AC, between the
terminal towns, and & perpendicular branch line B'B to the
intermediate town. But as this would require a greatel
length of road by 134 miles (140—126%) than a continunous
Jine A B C passing through the intermediate town, the ex-
pediency of building and maintaining upwards of 10 per cent
more road than is absolutely necessary to connect the three
towns, presents itself as a question of some commercial im-
portance, and before adopting the longer system, it shounld
be made quite clear that the yearly saving in cost of trans-
portation will be more than sufficient to pay the interest on

the first cost of constructing 133 miles of road, as well agihe
annnal expense of its maintenance. Except in extreme cases
where the two towns at the ends of the line are large in com-
parison with the intermediate towns, it will usnally be found
to be most conducive to the convenience of the general pub-
lic to ran the line through all the principal communities, in
preference to the plan of communicating with the intermedi-
ate places by branch roads, which might necessitate hranch
lines of wagons and coaches, connecting with those of the
main line, attended by all the usual inconvenience and
expense of transferring passengers and goods at the points
of junction.

In the general case, however, the road will not traverse
a level plain but will cross hills, ravines, rivers; and other
aocidents of the ground, so that the proper solution of the
problem will involve a variety of considerations, among

which the engineer’s ideal of a straight and level line, tha

CONTOUR LINES,

wants of the communities to be accommodated, and econ-
omy in cost of construction will generally be more or less at
variance.

Ag it should be the first business of the engineer to make
himself thoroughly familiar with the character of the conn-
try adjacert to the Line, for some distance on either side, all
the preliminary field work should be directed to that end.

Contour Lines.

In laying out important roads, and especially in locating
streets in towns or thickly settled districts, Wh(;t't' the qm'.;
tions of gradient, drainage, sewerage, and water supply
assume special importance, it would be well to place Ih;-
contour lines, or curves of uniform level, upon the map.
THese curves represent the intersections of the surface of the
ground with a series of horizontal planes at equal distances
apart, of say 3ft. 5ft. 10ft. or more—and indicate at once
to the practiced eye the topography of the country which
they embrace. We give, Fig. 3, the contour lines ()I: a small
tract of country, showing a variety of natural features, such
as undulating slopes, steep hill sides, ravines, water, and
marsh. Every curve represents a level line traced upon the
ground, the vertical distance, or difference of level, between
the curves being 3 feet.

.
Parallel Cross Sections.
A survey so complete as would be required for mapping

the contour lines in the manner shown in Fig. 3, is seldom,

if ever, resorted to, and is indeed unnecessary for the proper

location of a country road. It will suffice to take a series of

cross sections parallel to each other, and extending a suffi.
cient distance laterally to embrace the width of the conntry
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under examination. By plotting these sections to a scale,
in their true velative positions, all referred to the same level
or datum line, it will be easy to locate the axis of the road
properly thereon, and to estimate the quantities of excava-
tion and embankment, provided the sections are taken suffi-
ciently near together. Their distances apart should of course
be less in proportion to the ruggedness and unevenness of
the country. Suppose, for example, that C, D, M, N, Fig. 4,
represents a portion of the strip of country under examina
E

™. comiR N

Feale 2FLENC T s
i s wdeluaetl

Fia. 4.
tion and A, B, the general direction of the road, which must
be located somewhere between the lines C, M, and D, N.
Having run the several lines of levels C, D, E, F, ete.,
transversely, and at least one line A, B, longitudinally so

us to establish a common datum line for all, the sections are

irawn as chown in the figure. As a part of the map or plan

the right lines C, D, E, F, ete., show the positions of the
cross sections, while they are also the datum lines, all on the
same level, of their respective sections. Those portions of
each section to the left of the datum line represent ground
above that line and those portions to the right, below it, and
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a line like O, P, drawn through poiuts in the several sections
that are at the same distance from and on the same side of
the datum lines, will show the exact location of a level line
traced on the surface of the ground. Hence the axis of the
road if located on the line O, P, will be level, while upon
the line Q, S, it would have an ascending grade of ¢ from
Q, to R, and a descending grade of ¢; from R to S.

Having completed the surveys, and prepared the map
and memoir with as much detail as possible, the engineer
will then be able to study with intelligence the relative ad
vantages of the trial lines, and fo establish definitely theis
location, direction and gradients, in order that the volumes
of excavations and embankments shall balance each other as
nearly as possible, except when other methods, hereafter
referred to would lessen the expense, while the cost of con-
structing the necessary bridges, culverts, ete., gshall be care
fully kept at the minimum.

Grades.

Upon common roads the grades, or the angles which the
axis of the road should make with a horizontal line, depend
go much upon the kind of vehicle employed for traffic, the
character of road-covering adopted for the surface, and the
condition in which that surface is maintained, that no
empyrical rule can be laid down. The grade shonld not
be so great as w require the application of brakes to the
wheels in descending, or to prevent ordinary vehicles carry-
Ing passengers ascending at a trot. In general the gradient
should be somewhat less than the angle of repose, or that
angle upon which the vehicle in a state of rest would not be
set in motion by its own weight, but would descend with
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slow uniform velocity if very slight motion be imparted to
it. The grades therefore, suitable for any road, will depend
upon the condition, with respect to smoothness and hard-
ness, in which the surface is to be maintaized, and hence

upon the kind of road-covering used ; and as the force of

gravity is the same whether the road be rough and soft, or

smooth and hard, steep grades are more objectionable upon
good roads than npon bad.

Tractive Force.

Many ingenious experiments have been made at various
times to ascertain, in functions of the quality and condition
of the road surfaces, the measure of the fractive force, or the
fgrce required to overcome the resistances which oppose
themselves to the movement of a vehicle along horizontal
roads of different degrees of smoothness and hardness, and
covered with different materials. From some of the experi-
ments of M. Morin, conducted for the French government,
the following general results were deduced :

1. The force of traction varies directly with the load and
inverzely with the diameter of the wheels.

2. The resistance is practically independent of the width
of tire on paved or hard Macadamized roads, where that
width exceeds 3 or 4 inches.

3. At ordinary walking speed the traction is the same
for carriages with springs, as for those without them, the
other conditions being the same.

4. The force of traction increases with the speed upon
paved, or hard Macadamized roads. When the speed ex-
ceeds 24 miles per hour the increase in the resistance varies
directly with the increase in velocity.
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Some of M. Morin’s results are tabulated below.

reLATION OF FORCE oF DRAUGHT TO
WEIGHT OF VEHICLE AND LOAD.

RoaDn. | o= | Carriages

o Trucks | pjjjoences | with seats
Carta. | of tWo | orava tons, . hung on
| springs.

New road, with gravel cov-
ering, 5 inches thick....
Solid earth causeway, with
gravel covering 134 inch

ghiok oo v o

Earth causeway in very

good condition

| o
Trot. -“'alk.] Tros

Broken stone road, very | I

| 3

|
dry and smooth.. |

71
moist and dusty... = ‘!l‘f T |
s | ¥

with ruts and mud,

with deep ruts and

thick mud . ; | < | T
W |
Pavement ) PN X : Lo | o |

The smootner the road and the less rigid the vehicle, the
less will be each eqnal increase of resistance due to each
equal increase of speed. .

5. The traction is practically independent of the velocity
upon soft dirt and sand roads, or roads freshly and thickly
covered with gravel.
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6. Upon a smooth-cut, evenly-laid stone pavement, the
resistance at a walking speed does not exceed three-fourths
that upon the best Macadamized road at the same speed, but
at trotting speed it is equal to if.

7. The wear and tear of the road is greater as the diam-
eters of the wheels are less, and is less from vehicles with
springs than from those without them.

The following table, resulting from trials made with a
dynamometer attached to a wagon moving at a slow pace
upon a level, gives the force of traction in pounds apon
several kinds of road-surfaces, in a fair condition ; the
weight of wagon and load being one ton of 2,240 pounds.

1. On best stone trackways .+ s+« 1214 pounds.
2. A good plank road 82 to 50 pounds,
# A cabical block pavement 32 to 33 =
4. A Macadamized road of small broken stones. ... 65 pounds.
5. A Telford road, made with six inches of broken
stone of great hardness, laid on a foundation
of large stones set as a pavement........... 46 pounds.
. A road covered with six inches of broken stone
laid on concrete foundation................ 48

. A road made with a thick coating of gravel laid
on earth

-+« 140 to 147 pounds
200 pounda.

In order to apply these results in establishing suitable
grades, take the case of the Macadamized road No. 4, in
which the tractive force to the gross ton is 65 pounds upon
a level road. Let W= the weight of the vehicle and load
i pounds; p= pressure normal to the road-surface in
pounds ; t=force of traction in pounds on a level road. At
the angle of repose of an inclined road, the force, acting
parallel to the line of grade, necessary to sustain a carriage
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and its load in its position on the incline, or to prevent it
from moving back by its own weight, is equal to the traction
force t, which would just move the carriage and load on
a level Toad. Let h be the perpendicular and b the base of
a right angle triangle, of which the hypothenuse B C (Fig. 5)
represents the slope of the
angle of repose, which some-
what exceeds the greatest
admissible gradient. For
simplicity, the load may be
supposed to rest on a single

wheel, shown in the figure.

A

In the smaller similar trian-
F1o. 5. gle t is the perpendicular,
p the base, and W the hypothenuse, in which p:.\_/“":éf

t _h
From the two similar triangles t:p::h:b, or B =5 and

t
e h s f
VW—F b But b being the perpen

dicular divided by the base, represents the angle at the base,

py substitution

or the angle of repose, and this is the maximum admissible
gradient. Hence the gradient should not exceed the quo-
tient obtained by dividing the force of traction by the square
root of the difference between the square of the load and the
square of the traction. Upon good roads t is so very small

in proportion to W that it may be omitted in the denomi-
E t

nator, and we have practically for the angle of repose w

the force of traction divided by the weight of vehicle and load.

65

For road No. 4 the formula becomes A/2240'— 65"’ =%
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nearly, indicating that for roads upon which the force
of traction per ton is 65 pounds, the grade shounld be not
greater than 1 perpendicular to 34 base ; and generally the
proper grade for any kind of road, or the ratio of the verti-
cal to the horizontal line, will be equal to the ratio between
the force necessary to draw the load and the load itself,
upon the same road when level. The grade iz usually ex-
pressed in the form of a vulgar fraction, having 1 for the
numerator, and the horizontal distance corresponding to a
rise of one foot for the denominator,

In practice the steepest grades that can be allowed upon
Macadamized or Telford roads, in the condition in which
their road surface is usually maintained, is about %, it hav-
ing been determined by experience that a horse can draw
up this slope, unless it be a very long one, his ordinary load
for a level road, without the help of a second animal ; also
that he can attain at a walk, a given height, upon a gradient
of o without more apparent fatigue, and in nearly the
same time that he would require to reach the same height
over a proportionately longer road with a slope so gentle—
gay ¥r—that he could ascend it at a trot.

It is however more desirable, especially for passenger
traffic, to keep the gradients as low as 44, or at the greatest
g5, 88 the maximum slope, whether considered as an ascent
or a descent, so that in the former case the speed need not
be slower than a trot, while in the latter it will not be neces-
sary to apply a brake to prevent the load pressing forward
upon the horses.

Undulating Grades.
It is claimed, as having been demonstrated by experis
ance, that a road constructed on a dead level, or with a uni
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form slope between points upon different levels—especially
if the slope be a long one—is somewhat more fatiguing upon
the draft of the horse or mule, than one with an alterna-
tion of gentle ascents and descents, of say v}5to 1}y, and
that a horse can draw as heavy a load at as great a speed up
these gradients, if they are of moderate length, as he can
upon a perfect level, while in going down he would experi-
ence a measure of relief, hardly perceptible perhaps at the
time, but which during several days of continual labor
would amount to a positive benefit. This idea, although it
has the u'[-pf;;n'mu_-n.- of great plausibility, is probably a mere
popular error, unable to withstand the test of intelligent
investigation. Upon a very long and steep gradient—one
for instance greatly exceeding the angle of repose, and
therefore inadmissible upon good roads—it would doubtlegs
be an advantage to have short sections upon which the slope
would be less than that angle, where halts conld be made
for rest, and the animals be entirely relieved of pressure in
either direction ; but, upon a well devised road, no engineer
would be justified in making special provisions for securing
a succession of gentle ascents and descents, upon any consid-
erations connected solely with the question of traction.

The proper drainage of a road requires that its side
ditches should have a gentle inclination longitudinally,
and, in order that the road surface may be kept free from
standing water without giving it too great a rise in the mid-
dle, suitable longitudinal slopes should be given to it. For
this slope English engineers generally adopt g, or 66 feet to
the mile, and the French Corps of Ponts et Chaussces
recommend }, or abont 42 feet to the mile.

MAXIMUM AND MINIMUM GRADES,

Maximum and Minimum Grades.

As a rule therefore the gradients or longitudinal slopes
of a road should be established between 1 in 30 and 1 in 125.
It is generally practicable to keep within the maximum of
¢, even in locating a line upon a steep hill-side, by giving
it a zigzag direction, connecfing the straight portions by
€48y CUrves.

At the curves the gradients should be somewhat reduced,
and the roadway made wider. The increase in width shounld
be about one-fourth, when the angle between the straight
portions isfrom 120° to 90°, and between one-third and one-
half where the angle is from 90° to 60°. In descending a
hill there is a tendency to overturn the vehicle at the curved
]n}rtions, from the effects of the centrifugal force, and this
danger is in proportion to the speed of the descent, and the
gharpness of the turn. The radius of the curve should
therefore be great, never, if practicable less than 100 feet.
For the same reason, upon all sharp curves, the road sur-
face should not be the highest in the centre, and falling in
both directions so as to drain off the water, but should be
the highest on the outer or convex side.

In long ascents, it is deemed advantageous to make the
lowest portion comparatively steep, with a corresponding
reduction in the gradient near the summit, in order that
the animals may achieve, while fresh, as much of the rise as
possible, while the more gentle slopes are left for the last.

Statical Resistance on Grades.

Returning to Fig. 5 (reproduced in Fig. 6), let us sup
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pose that the horizontal A C is of such length that the ver
tical rise h=1 foot. We then have

W:BO::t:1,
and W: BC::p: AC,

: W
from which we get t= BC

AC
BC’
Hence, the force acting parallel to an inclined road neces-

p=W

sary to sustain a carriage
and load in a state of rest, is
equal to the weight of car-
riage and load divided by
the inclined length corre-
sponding to a rise of one

foot. And, the nmn;f..ll
A

pressure of carriage and load
Fio. 6. upon an inclined road is
equal to the weight of carriage and load multiplied by the
quotient of the horizontal length divided by the inclined
length.
For example, the force necessary to sustain a carriage
and load weighing 2500 pounds upon a road with a gradient
2500
of 1in 20 18 1_2”,":_1 = 125 pounds nearly, and the normal
20
pressure upon the road-surface is 2500 X :;—_2“—:{7 = 2496.
These results are theoretical. They approximate to prac-
tical correctness, as the friction on the axles is diminished,
and the smoothness and hardness of the road is increased.

DYNAMICAL RBRESISTANOES.

Dynamical Resistances. Sir John Macniells
Formulae.

The following arbitrary formulae have been dednced by
Sir John Macniell from a number of experiments upon the
geveral descriptions of road named below, with stage-coaches
and wagons moving at various velocities, and carrying vari-
ous loads. R=force required to move the vehicle; W=
weight of vehicle; w=weight of load, all expressed in
pounds. v=velocity in feet per second. ¢ is a constant,
depending for its magnitude upon the character of the road-
surface, which, for the several roads tried, is as follows:

On a timber surface, or on & paved road
On a well made broken stone road in a dry, clean state

» “ '

covered with dast .... ...
- o - wet and muddy
On a gravel or flint road, in & dry, clean state .. ........ .

- "

wet and muddy ...........
For a common stage-wagon the formula is,
Wi+w w
R= ——+ —+cv
g TaptOo"
and for a stage-coach,
W+w w
B=—+— + — +ov.
100 T +e
For example, the force necessary to move a stage-coach
weighing 2400 pounds, loaded with 2000 pounds, at a speed
of six feet per second, upon a level, dry, and clean gravel
2400 42000 4 2000

— +6X13=172 pounds.

road, is 100 0

Mr. Law’s Table of Dynamical Resistances.
The following table, prepared by cartailing to some ex-
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RATE OoF INCLINATION,

ONIZON

ANGLE WITH TIHE

FOR A STAGE-WAGON AXD

LOAD OF S1X TOXS, MOVING

AT THREE

MILES FER HOUR.,

For A STAeE-COACH AND
LOAD OF THREE TONS, MOV-
ING AT EIX MILES PER HOUR

CENDING

th of level

Force required to dr
coach Down the

1.142
L1154
1.169
L185
1.185
1.206

1.219
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tent a table given by Mr. Henry Law, C. E., shows with an
approximation {o exactness, quite sufficient to make it very
valuable, the force required to draw two kinds of loaded
vehicles, one weighing with its load 6 tons at a speed of 3
miles, and the other weighing with its load 3 tons at a speed
of 6 miles per hour, along a Macadamized road in its usua
state, with gradients varying from 1 in 7 to 1 in 600. The
table also gives the length of level road equivalent to 1 mile
of the inclined road, of each gradient, *“that is the length
which would require the same mechanical force to be ex-
pended in drawing a wagon over it, as would be necessary to
draw it over a mile of the inclined road.”

FoR A STAGE-WAGOX AND
LOAD OF 81X TONS, MOVING
AT THREEE MILES PER HOUR

For A STaee-COACH AXD
LOAD OF THREE TONB, MOV-
ING AT SIX MILES PER HOUR.

| &=

AxeLE wiTH THE HoRiZON.

nt length of level

for an ABCENDING
wagon.

draw the

to draw the

ivalent Jength of level
ad for 8 DESCENDING

RATE oF INCLINATION,

2 © 0 o o o © ©
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RATE OoF INOLINATION

AxorLe wite THE HORIZON.

FoR A STAGE-WAGON AXD
LOAD OF ELX TUNS, MOVING
AT THEEE NILES PER HOUR.

For A StaeB-CoOACH AND
LOAD OF THREE TONS, MOV-
[NG AT EIX MILES PER HOUR.
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For A STAGE-WAGON AND
LOAD OF S8IX TONS, MOVING
AT THREE MILES PEE HOUR.

FoRr A STAGE-COACH AND
LOAD OF THREEE TONE, MOV~
ING AT SIX MILES FER HOUE.
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d for an ASCENDING

road for s

AxerLe witH ToE Honizon.

Equivalent

1 RATE OF INOLINATION.

l

| Miles | | Miles. | Miles
4178 B 2.160

4388 | .... | ....| 2234

4.629 9| .... | 2322

4908 | . e | 2498
| 2,540
2.679
2,848
3.048

3.300

3.621

From the foregoing table we see :

1. That the force necessary to move a vehicle at a certain
velocity on a level road must be decreased on a descending
grade to precisely the same extent that it must be increased
in ascending the same grade, in order to maintain the same
velocity. .

2. It must not, however, be inferred from this that the
animal force expended in passing and repassing on the same
road, will gain as much in descending the several grades as
it will lose in ascending them. The animal force must be
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adequate, either in number or in power, for achieving the

steepest ascending grades on any route, and no reduction in
the number of animals will be practicable in the general case,
in descending that or the lower grades, or upon the level
portions of the line.

CHAPTER 1L

EARTHWORE, DRAINAGE AND TRANSVERSE FORM OF
COUNTRY ROADS.

Excavations and Embankments.

DuE regard to economy in the cost of constructing a road
generally requires that its location shall be such that the
cuttings shall balance the fillings, or in other words that the
excavations, at points where the ground is higher than the
road, shall furnish the contiguous embankments at points
where the road is higher than the natural surface. Such,
hoWwever, is not always the case, it being cheaper, under some
circumstances, to deposit the excavations in spoilbanks, and
procure the earth for embankment from side-cuffings near by.

The first location of the road upon the map will seldom
be more than an approximation to the best line, which must
finally be ascertained after successive approximations, for
each of which a series of new sections must be drawn, and
new calcnlations made. The contour lines referred to, of
which an example is given in Fig. 3, or the parallel cross-
sections as shown in Fig. 4, will be of great assistance in
making these computations, and will materially abridge the

labor of locating the line.
The “Lead.”
Prof. Mahan says, “In the calculations of the solid
contents required in balancing the excavations and embank-

ments the most accurate method consists in subdividing the




