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PEEFACE.

A LTHOTJGrH the usual methods of obtaining correctly the cubic

-* contents of Excavations and Embankments cannot be said to

involve any difficulty, still they are certainly open to the objection of

being very tedious.

Consequently, any device for diminishing the labor, without affect-

ing the accuracy, of the operation, may justly be regarded as a

desideratum of some importance ; and, we believe, that the method

by diagrams here proposed, will conduce to that result, both in the

field and in the office.

It originated with the writer many years since; and was first

published in 1851.

Should an objection be made to the admission of the transverse

ground-slopes, as an element in the calculations, we can only reply

that, practically, it is at least as accurate as that based upon the

usual assumption, that the two outer heights or depths of a cross-

section represent the exterior elevation of straight lines, drawn from

those points to the centre-stake.

Sensible of the necessity of perfect accuracy in the Tables, they

have been prepared with the greatest care; and have undergone so

thorough a revision as to leave scarcely a doubt of their entire

reliability.

ERRATA. Supposed to be none.
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A NEW METHOD

OF

CALCULATING THE CUBIC CONTENTS

OF

EXCAVATIONS AND EMBANKMENTS.

THEEE is but one correct principle upon which to calculate the

cubic contents of excavations and embankments; and that is, the

Prismoidal Formula, or Rule; which is as follows :

Add together the areas of the two parallel ends of the prismoid, and

four times the area of a section half-way between and parallel to them ;

and multiply the sum by one-sixth of the length of the prismoid, measured

perpendicularly to its two parallel ends.

Since, in railroad measurements, the prismoids are generally 100
feet long, it becomes easier in practice to multiply the sum of the areas

in square feet, by 100, (by merely adding two ciphers,) and to divide

the product by 6
;
which amounts to the same thing as multiplying

their sum by ^th of 100 feet.

The very extended application of the prismoidal formula to other

solids than such as are commonly understood by the term "prismoids/
7

was first shown by Mr. Ellwood Morris, Civil Engineer, in a paper
published in the Journal of the Franklin Institute, in 1840.

It embraces all parallelepipeds, pyramids, prisms, cylinders, cones,

wedges, &c., whether regular or irregular, right or oblique ; together
with their frustums, when cut by planes parallel to their bases

;
in a

word, any solid whatever, which has two parallel ends, connected together

by either plane, or by longitudinally unwarped surfaces. It also applies
to spheres, hemispheres, spheroids, paraboloids, &c,

5



6

In the cylinder and cone, the sides may be considered as consisting
of an infinite number of infinitely narrow planes, nnwarped longi-

tudinally. In railroad cuttings, it rarely happens that the surface

planes lying between two consecutive cross sections, 100 feet apart,
are absolutely unwarped ; yet, for practical purposes, they may very

frequently be assumed to be so. When much warped, the cross sec-

tions must be taken closer together than 100 feet. Upon a strict

attention to this precaution depends the accuracy of earthwork measure-

ments; the entire principle of which is embraced in the foregoing re-

marks. No practicable method is perfectly accurate. All we can do
in actual practice is, to take our stations at distances so near together
that the intermediate solid shall be very nearly a prismoid, and then

calculate it as if a true prismoid.

There are generally two circumstances under which it is necessary
to compute the cubic contents on a public work ; viz. : first, after a pre-

liminary survey of one, or more trial lines; for the purpose of deter-

mining approximately their actual, or comparative costs
; and, second,

after the final adoption, and staking out the determined route, in order

to know precisely the amount of work to be done.

The measurements for the latter are performed with more care, and
attention to detail, than those of the former, inasmuch as upon them

depend the payments to be made to the person who executes the work.

They, moreover, involve considerations which cannot be attended to

during a preliminary survey, without incurring an expenditure of

time and labor, more than commensurate with the importance of the

result.

When the ground is level transversely of the line of survey, there

is no difficulty whatever in ascertaining the contents from a table of

level-cuttings, previously calculated
;
but when it is inclined or irregu-

lar transversely, the calculations have hitherto been attended with

considerable labor.

The following method by diagrams will we trust, be found to ren-

der the operations in the last cases, if not as simple and expeditious
as in those of level ground, at least much more so than the usual ones.

It dispenses with a great deal of calculation
;
and is, therefore, com-

paratively free from errors arising from that source.

METHOD OP USING THE DIAGRAMS.

The construction of the diagrams is extremely simple, notwith-

standing that, at first sight, they appear somewhat complex. They
are but few in number, since any particular road will generally require
but three or four, which may be prepared by one person in a few

days. Before proceeding to explain the manner of drawing them,
we will give one or two examples of their use, that the reader may
see the object aimed at, and to what extent it is attained.



Example 1. Suppose that in a roadway of 28 foet wide, and with

side-slopes of 1J to 1, the cutting at a certain station is 20 feet
;
and

that the ground, instead of being level transversely, inclines at an

angle of 15

Turn to the diagram, Plate IX., for a roadway 28 feet wide, with side-

slopes of 1 J to 1 : place a finger on the centre line, at the height of

20 feet, and run it along up the curved line which commences at that

point, until it strikes the inclined line marked 15. It will be seen

at once that the two coincide at the height of 22*8 feet : and this -is

the depth of the equivalent level cutting, which would have precisely the

same area as the section under consideration.

All such cases may therefore be instantly, and without any calcu-

lation whatever, reduced to others of equivalent level cuttings.

This constitutes the main feature of the principle involved in the

diagrams.

Had the depth been 20'3, or other decimal of a foot, the proceed-

ing would have been the same as with the 20 feet
;
and the equivalent

level cutting would be found on the inclined line 15, at the distance

of *3 of a foot (estimated by eye) above the curved line 20.

Example 2. Using the same diagram ;
let the depth of cutting be

2 feet, and the transverse slope of the ground 20. Here, placing a

finger on the centre line, at the height of 2 feet, and running it along
the curved line commencing at that point, it will be found that before

reaching the inclined line of 20, it encounters the dotted curved line

drawn near the bottom of the diagram. When this occurs, we know
that the ground-slope cuts the roadway, forming a cross section, partly
in excavation, and partly in embankment, as in fig. 9.

This is a most useful check
;
for in such cases, the contents cannot

be obtained by means of the diagram ;
but recourse must be had to a

figure of the section drawn for the purpose ;
as must also be the case

when the ground is irregular transversely. A simple method of

proceeding, in all such cases, will be given further on.

On the page opposite each diagram, is a table of cubic yards for level

cuttings, and for lengths of 100 feet. By means of these tables, the

cubic contents may at once be taken out, when the equivalent level

cuttings at both ends of a station are equal, and the ground-slope
between them uniform : but if the equivalent level cuttings at the two
ends of the station are unequal, then the prismoidal rule must be

applied; thus,

Suppose the equivalent level cutting at one end to be 20 feet, and'

it the other 25 feet, and the intervening ground-slope uniform. Then
the equivalent level cutting at a point half-way between them would
be 22J feet. Therefore, the cubic content will be equal to one-sixth



of the sum of those corresponding to each of the two end depth?
and of four times that of the centre depth ;

that is,

Cubic content by table 9, for 20 feet depth, = 4296 cubic yards," " " " 25 " = 6065 " "

Four times 22J ) (t _
or 4 times 5146 /

6)30945
Cubic yards contained in the station,

= 5157*5

These tables are carried to depths or heights of 60 feet
;
but in the

subsequent table No. 15, they are extended to 170 feet. As these

extended quantities will be but seldom referred to, they are calculated

only to whole feet
;
but the amount corresponding to any fraction of

a foot may be found with sufficient accuracy for practice, by simple

proportion.

It will be perceived that, instead of the areas corresponding to the

different depths of cutting, or heights of filling, our tables give the

cubic yards corresponding to those areas, for lengths of 100 feet. For
the purposes of calculating cubic contents, these solidities may evi-

dently be used instead of the areas
;
but for such cases as require the

areas themselves, a table (No. 17) of such is added. Its use will be

shown further on.

For rough preliminary estimates of trial lines, the labor may be

much reduced by taking from the tables, the cubic content correspond-

ing to the average of the equivalent level cuttings at the two ends.

This mode is not mathematically correct, and should never be resorted

to for final estimates
;
but it will be sufficiently approximate (always

a little deficient) for such cases as occur in ordinary cuttings and fill-

ings ;
and even where the depths at the two ends do not differ more than

about 5 feet; nor the ground-slopes differ more than about 5; said

slopes being in the same direction.

For instance, in the foregoing example, the correct contents of the

station 20 feet deep at one end, and 25 feet at the other, were found

to be 5157'5 cubic yards; while, by this approximating mode, the

contents of an average level depth of 22J feet, would be 5146 cubic

yards; or but 11J yards less than the truth.

Or, for true prismoids, or even within the foregoing limits of no

greater differences than 5 feet in depth ;
and 5 in slope at the two

ends of a 100 feet station, the slopes being in the same direction, we

may add together the tabular contents corresponding to the two equi-
valent level depths at the ends of the station, and divide their sum

by 2. The content thus found will not be as approximate, however,
as that by the first method

;
but will be too great by precisely twice
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the quantity that the other is too small. Thus, in the foregoing

example, we should have for a true prismoid,

Depth. Cubic yards.

20 4296
25 6065

2)10361

5180 cubic yards approx. content,

or 23 yards in excess of the true content, 5157J yards; or twice the

deficiency (11J yards) of the preceding method.

These examples merely show that in railroad work, and within

limits of frequent occurrence, we may calculate the content of a true

prismoid by either of these approximate modes, with sufficient accu-

racy for rough preliminary, or comparative estimates. We have in

neither instance given the actual content of a solid whose transverse

slopes differ at its two ends. Said content would be farther from the

truth than in our examples ; where, by the first method, the error is

but 1 yard in about 450
;
and in the second, 1 in about 225

;
whereas

the average of a number of stations in which the slopes at the two

ends differ on an average 2J, and in no case more than 5, would

probably be in error by about 1 yard in 100 too little, by the first

method
;
and 1 yard in 50 too much, by the second.

For final estimates, however, we should make our stations so short

that the ground surface of the included solid may be considered

unwarped longitudinally, and then use the prismoidal rule.

PRINCIPLE ON WHICH THE METHOD IS BASED,

To find the sides of a triangle of which only the area and the angles are given.

RULE. In any plane triangle, as the product of the sines of any two

Fi x
of the angles, is to the product of radius by
the sine of the remaining angle, so is twice

the area of the triangle, to the square of the

side lying between the two angles first taken.

Demonstration. Let a d e be a triangle,
in which we have given, its area, and its

three angles: it is required to find any side,

as a e.

By trigonometry we have the two follow-

ing proportions :

Sine of a (dc) : Radius (a d) :: dc : ad; also

Sine of e . Sine of d ad - ae
the angle opp. a d the angle opp. a e

By multiplication of these two proportions, we have

Sine of a X Sine of e : Rad. X Sine of d : : dcXad : aeXad;or,
2
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leaving out the factor a d, common to the last two terms, Sine of a X Sine
of e : Rad X Sine of d : : d c : ae.

But, as d c : ae :: dcXae : a e
2
, (because d c X a e=the rectangle a

enm; and a e
2=a e p o.)

Again, d cXa e= twice the area of the triangle a d e.

Hence we have

Sine of a X Sine of e : Rad X Sine of c? : : 2 area : to a e2
,
the square

root of which=a e, the required side. Q. E. D.

Now, let n m c 6, fig. 2, be the level cutting equivalent, or equal to

the side-hill cutting nmed. From
the point of intersection at

ia.

draw Fig. 2.

Then, if t u represent any other

side-hill cutting parallel to d e, we
have only to draw the horizontal

line xw, through s, in order to ob-

tain the equivalent level cutting n
m w x.

The demonstration of this, on the

principle of similar triangles, is so

simple as not to require insertion.

The point required is to

the distance to be laid off on "the

horizontal liney c, in order to draw
i a.

To do this, we have the triangle a e d, of which we know the area,

(composed of the triangle n m a, and the level cutting n m c &,/ and also

the three angles, (derived from the side slopes and ground slopes.)

First find the side a e, by the rule just given, viz :

Sin a X Sin e : Rad X Sin d : : 2 area : a &.

Then find r a, thus :

Sine of era . Sine of e ..
opp. given side a e.. opp. req'd. side r a.

* *

Thenf a r a= rf.

Also, the angle e i c, representing the ground slope, is equal to the

angleyi r; and considering fi as a radius, and rf as a tangent to the

angleyi r, we have

Nat. Tang, offi r, (or ground slope,) : Rad, or 1 : : rf : fi.

Then as af : fi : : 1 : : fi when af is assumed as unity, in pre-

paring a working diagram.

To save the trouble of calculating these distances f i, we have
extended the table to all side-slopes likely to occur in practice.
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METHOD OF PREPARING THE DIAGRAMS.

We will now proceed to describe the mode of preparing the dia-

grams, for any width of roadway, and for any side-slope whatever.

Draw a vertical line a
ft, fig. 3, of any given length at pleasure. (One

foot decimally divided; or 12^ inches,
divided into ^ths of an inch, or 10

inches divided into y^ths of an inch,
will generally be found convenient.)

Call the length of this line unity, or

1. It represents the usual centre-line

of levels, or of cutlings and fillings.

From the upper end of this line draw
b c y

at right angles to it; and from b

towards c, lay off and number the dis-

tances 65, 610, 615, &c., contained

in the following table; using as a scale

the length a 6, as 1 or unity, divided

into tenths and hundredths.

For example; if the side-slopes h e, gf, of the excavation or embank-

ment, are to 1, lay oflf (without any regard to the width of roadway,)
the distances on the upper column of the table; if 1 to 1, those on the 3d

column, &c. This done, the scale of a 6, as unity ,
will be of no further use.

Distances on b c, intermediate of those in the table, may be inserted

with sufficient accuracy by eye.

Table of Distances'from b, to be laid off on the Horizontal Line b c, Fig. 3; the Line

a b being assumed as Unity, or 1.

Side Slopes.
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From the points 5, 10, 15, &c., on the line 6 o, (and from the
subdivisions of single degrees between them, as shown in the working
diagrams,) draw lines to a. From a upwards, set off, by any scale at

pleasure, (about Jth inch to a foot will be found convenient,) the dis-

tance a o, which is the height of the triangle ef a, formed by the

prolongation of the side-slopes gf, and he to a; ef representing
the width of the roadway, whatever it may be, on the same scale.

It is not necessary actually to draw h a, g a and ef, as we may set off

a o, by recollecting that if the side-slopes are

to 1, then a o will be 4 times of, (the half width of roadway.)" " twice of." "
equal to of.
8 of of.

"

fofo/
" "

Jofo/.
" "

-4ofo/

Beginning at o, divide the vertical or centre line o&, by the same scale

into feet; numbering them 1, 2, 3, &c., from o upwards; and from the

points of division 1, 2, 3, &c., draw horizontal lines parallel to b c, as

shown in fig. 3

From o as a centre, lay off with a protractor, the several angles of trans-

verse ground-slope as shown by the arc in
fig. 3. As before remarked,

angles higher than 20 will seldom be required.

In fig. 3, the inclined lines, and also the angles on ttie arc, are, for

convenience, numbered only for every 5
;
but in a working diagram

they should be taken nearer together, for instance, every 2 to 3.

Lay a parallel ruler from o to 5 on the arc, and mark with a dot the

point of intersection on the inclined line a 5; then keeping the ruler in

the same position, move it upwards along o 6, stopping at every division

of 1 foot, and making corresponding dots on the inclined line a 5, as in

fig. 3, continuing to such a height on the centre line as will include the

greatest cutting or filling to be calculated by the diagram.

Then lay the parallel ruler from o to 10 on the arc, and mark with a

dot, the point of intersection on the inclined line a 10; then keeping
the ruler in the same position, move it upwards along o 6, stopping at

every division of 1 foot, making corresponding dots on the inclined line

a 10.

Then lay the parallel ruler from o to 15 on the arc, and proceeding
as before, make corresponding dots on the inclined line a 15, and so on

up to as high an angle as will equal the greatest transverse slope of the

ground which occurs on the work to be calculated by means of the dia-

grams.

Finally, connect the corresponding dots on the several inclined lines,

forming thereby a series of curves, as shown in fig. 3, and also in our

working diagrams. The diagram is now ready for use, for all cases of
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ground-slope which do not intersect the roadway, thereby forming
a section partly in excavation, and partly in embankment, as shown
in fig. 9.

In order that the diagram itself may inform us when this is the case,

the dotted curve shown near the

bottom of the working diagrams
is added. It is prepared as fol-

lows :

Let a bj fig. 4, (correspond-

ing to efin fig. 3,) represent the

width of roadway, (in excava-

tion, if for a diagram of excavation
;
or in embankment, if for a dia-

gram of embankment,) and c d the centre line of cuttings and fillings.

From a as a centre, lay off with a protractor, the angles 5, 10, &c.,
and draw the lines a e, a /, a g, &c., to the centre line.

Now, suppose the height c e, corresponding to 5, to be 2 feet. On
the working diagram, lay off 2 feet, at right angles from a b or ef, and

ending in the inclined line of 5. The dot or point-hole thus made,
will mark the intersection of the curved line of 2 feet with the inclined

line of 5. Suppose the height of corresponding to 10 to be 4 feet;

and with 4 feet, at right angles from a b or ef, mark on the diagram
the intersection of the curved line of 4 feet with the inclined line of

10
;
and so on with the rest. Then join these several marks of inter-

section, and the dotted curve is formed, and the diagram is finished.

The working drawings which we have given, are on a very small

scale, for convenience of insertion in this volume; yet, although
the curved lines are drawn straight across several divisions of the

inclined lines, (generally five of them,) they will rarely be found, in

operating with them, to differ as much as Jth of a foot from the truth.

They are adapted to such widths of roadway as are frequently used
in practice, viz : for single and double track embankments, 14 and 24
feet wide on top, and with side-slopes of 1J to 1

;
and for single and

double track excavations, 18 and 28 feet wide at bottom, with side-

slopes from 1 to 1, up to 2 to 1
; gauge 4 feet 8J inches.

The widths for 4 feet 8J inches gauge will rarely differ more than

about 2 feet from those for which the diagrams have been prepared.
The most mistaken economist would hardly venture to make them
more than 2 feet less

;
nor do we conceive that any great advantage

would attend making them more than about 2 feet greater, for a gauge
of 4 feet 8J inches, with cars of the usual 9J feet extreme width, from
out to out of cornice.

For a 6 feet gauge, or with cars of 11 feet extreme width, embank-
ments should not be less than 15 and 27 feet wide ;

nor cuts less than
19 and 31 feet. We consider all the foregoing widths of embankment

sufficient, but would recommend an addition of 2 or 3 feet to all the

cuts, except when in rock, to allow for wider and deeper side-ditches
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than are usually made. Mistaken views of economy will, however,
continue to prevent the adoption of this suggestion.

No diagrams accompany the tables of level cuttings for side-slopes
of J to 1, which are used only for rock. With this side-slope, the

transverse inclination of the ground rarely affects the quantity of

material to an important extent. Still, on every work on which
much rock-cutting occurs, a diagram should be prepared for the pur-

pose. Neither have we given diagrams or tables for slopes of 2J to 1,

or 3 to 1.

Fig.

The diagrams and tables given in this volume may be used for any
greater or less widths of roadbed than those to ivhich they are especially

adapted. In other words, it is not at all necessary to prepare new
ones for every width of roadway.

Suppose, for instance, we wish to use diagram, Plate 1, for an
embankment m, n, o, p, fig. 4J, having side-slopes of 1J to 1, as in

the diagram ;
but with a roadbed m, n, of 1 6 feet in width, instead of

c-j 6, of 14 feet, for which latter width the diagram and its table were

prepared.

It is only necessary first to find the vertical distance a, s, comprised
between the 14 feet roadbed c, 6, and the 16 feet one m, n, and to add
it mentally to each height t, s, of the given embankment m, n, o, p,
when taking out from the table the number of cubic yards. By this

means obtain the contents of the embankment c, 6, o,p. Next, from
these contents so obtained for the entire length of the embankment,
subtract that corresponding to the depth a, s, taken from the same

table, and multiplied by the number of stations of 100 feet comprised
in the length of the embankment, or excavation, as the case may be.

The rationale of this is too evident to require demonstration
;
as ?n, n,

in this instance is 16 feet, and c, 6, 14 feet, it follows that a, s, is 8

inches, or '666 of a foot. In such cases use mentally the nearest deci-

mal of a foot in working with the tables, inasmuch as they are calcu-

lated only for single decimals of a foot. Thus, in this case add *7 of

a foot to every height s, ,
of the embankment m, n

} o, p.

A separate diagram is absolutely required therefore only for each

side-slope : and such a diagram may be used indifferently for either

excavation or embankment, provided the two have the same side-

slope, and for any width of base or roadway whatever.
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Remark. In using a working diagram, however, for a width of

roadway different from that for which it was originally made, a new
dotted curved line corresponding to the new width must be first laid

down upon it, prepared by the directions given at fig. 4. This, how-

ever, can be done in a few minutes.

In preparing working diagrams, they should be made with reference

to the greatest depths of cut or fill that occur on the route. Ours
extend only to 60 feet, for convenience of insertion in this volume.
A scale of about J to J of an inch to a foot will be quite sufficient.

Diagrams might be photographed for distribution along the several

divisions of a long road.

CASES OF GROUND WHICH IS IRREGULAR TRANSVERSELY.

All cases of irregular transverse ground-slope, (except that in which
the ground-slope intersects the roadway, as in

fig. 9,) may easily be

reduced, by drawings, to such a form that their equivalent level-cut-

tings may be obtained by means of the diagrams ;
and the correspond-

ing contents taken out from the tables.

For this purpose it is very convenient to have paper of about 14 by 24

inches, ruled across in both di-

Fig.5. rections, with parallel lines about

J^-th of an inch apart, as in fig. 5.

Every fifth line should be

stronger than the intermediate

ones, if drawn or engraved; or of

a different color, if ruled by a sta-

tioner. By means of the multiple

ruling pens used by stationers,

this paper is ruled to order, at a

very trifling cost.

When this ruled paper is pre-

pared for use at leisure moments,

according to the following direc-

tions, nothing more will be required in order to obtain the data for the

subsequent calculations, than a parallel ruler about 2 feet long. Those

flat rulers which move on rollers are preferable to those with hinges,
which invariably get out of order in a short time.

The ruled paper is prepared by drawing upon some sheets, outlines of

the side-slopes of an excavation, with a small piece of embankment
below it, as in fig. 5

;
and upon others, the side-slopes of an embank-

ment, with a small piece of excavation above it. Or, still better,

where many copies are required, the figures may be photographed.

The heights, or depths, should be numbered along the centre line, as

in fig.
5.

Finally, lay off on both sides of o as a centre, by means of a large pro-

tractor, single degrees up to as high as the greatest transverse ground
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slope for which the paper is to tie used; this, as before remarked, will

rarely exceed 20; because, with high transverse ground-slopes, it is

generally better to resort to retaining walls.

The paper is now ready for use, and all the subsequent operations may
be performed by the parallel ruler.

One sheet may be made to serve for the calculations of many stations,

by merely drawing in the transverse ground-slopes, very lightly, with lead

pencil marks, which may be rubbed out as each station is finished.

It is advisable, however, in very irregular sections, to represent but

two consecutive ones on one sheet; and after having drawn them in ink,
and added the numbers of the sections or stations to which they belong,
as well as the cubic content comprised between them, to lay them aside

for future reference, in case of dispute with the contractor, after the work
is commenced.

The method we advise for reducing irregular cross-sections to equi-
valent regular ones, which may be calculated by means of the working

diagrams and tables of level cuttings, is as follows :

CASE 1 . When the ground slopes differently from the centre each way,
as e d, e a, in Jigs. 6 and 7.

Fig. 6. Fig. 7.

On the prepared paper, fig. 5, from the centre-height or depth e, figs.

6 and 7, and by means of the parallel ruler, and the degrees marked on

the sheet, fig. 5, draw the two slopes e d, e a, figs. 6 and 7; the inclina-

tions of which are taken from the field slope-book. Draw ef, parallel to

a d, and join af. Then is a b cf equal to a b c d e, figs.
6 and 7.

PROOF. The two triangles a df, a d e, fig. 6, being on the same base

a d, and between the same parallels a d and ef, are equal to each other.

Leaving out from each, the triangle a d o, which is common to both, we
have the triangle dfo, equal to the triangle ae 0; and consequently abcf
is equal to a b c d e\

Find by means of the parallel ruler and degrees marked on the paper,

the slope of a f; and with that slope, and the new centre-depth m n,

(which is had from the figure by inspection,) use the proper diagram for

finding the equivalent level-cutting; and take out the cubic yards from

the table.

Also, in fig. 7, the triangles fe d, and fe a, being on the same base

/e, and between the same parallels,/ e, d a, are equal to each other; and
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leaving out from each the triangle f e o, which is common to both, we
have the trianglejf o d, equal to the triangle e o a, and consequently a b cf= a b c d e.

CASE 2. When the ground is very irregular transversely, as infig. 8.

Having drawn the figure on the prepared paper, find by trial with a

piece of thread, the line a d, which

equalizes, as nearly as can be judged by
eye, the irregularities above and below
it. By means of the parallel ruler, and
the degrees on the paper, find the slope
of a d\ and with that slope, and the new
centre-depthm n, (which is had from the

figure by inspection,) use the proper dia-

gram for finding the equivalent level-cutting; and take out the cubic yards
from the table.

CASE 3. When the ground-slope intersects the roadway, as inJig. 9.

Such cases are always detected by the dotted curve line in the working
diagrams.

Having drawn the figure on the prepared paper, measure the two. bases

a b and a o; and also the two

perpendiculars to them, c d and

f/
Multiply a b by c d, and half

the product is the area of the tri-

angle of excavation a b d. If the

triangle ofexcavation at the other

end ofthe 100 feet station has the

same area, the number of cubic yards corresponding to this area for a

length of 100 feet will be taken from table 17.

Also multiply a o by ef, and half the product will be the area of the

triangle of embankment ao e. If the triangle of embankment at the other

end of the 100 feet station has the same area, the corresponding number
of cubic yards will be taken from table 17.

But if the triangles of excavation, (or those of embankment,) at the two

ends, are not of the same area, the trapezoidal rule must be employed, as

in the case of trapezoidal cross sections of unequal areas.

That is, we must add together the contents corresponding to the two
end triangles, and 4 times that corresponding to the triangle half way
between them, and divide the sum by 6, for the true content.

The base of the centre triangle of excavation, will be the average be-

tween the two bases a 6, fig. 9, at the ends; and its perpendicular, the

average between the two perpendiculars c d
3 at the ends.

In like manner, the base and perpendicular of the centre triangle of

embankment, will be averages of the two end bases a o, and of the two
end perpendiculars ef. 3
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If from irregularities in the ground, in the direction of the line of the

road, it should become necessary to take cross-sections nearer together
than 100 feet, only the same proportional parts of the cubic yards must
be taken from the tables; and on this account, it is better always, when

possible, to subdivide the 100 feet station-distances into such parts as

will furnish numbers easy to divide by; thus, if the station be divided

into 10, 20, 25, or 50 feet distances, they will furnish respectively the

numbers 10, 5, 4, or 2, by which to divide the cubic yards in the tables,
all of which are calculated for 100 feet distances.

TO FIND THE DISTANCES OF THE SIDE-STAKES FROM THE CENTRE-
STAKE.

In all cases in which the cross-sections are drawn, as just described,
these distances may be had by measurement on the figures.

But when the ground surface is very even transversely, they may
be obtained much more rapidly thus : prepare a piece of tracing paper,
as in fig. 10, of the same size as the ruled paper on which the cross-

sections are drawn.

From c as a centre, lay off and number the degrees above and below

a bj as marked at the ends, to as high as the greatest transverse ground-

slope in the work.

Also, from c as a centre, draw by the same scale as the ruled paper,

fig. 5, arcs of a circle one. foot apart, and number them with their dis-

tances from c in feet.

Then, by laying this paper upon a cross-section of the road, fig. 5,

with c of fig. 10, placed at the

given centre-height or depth on

the line a a, of fig. 5, we at once

read off, without any calculation

whatever, the distances of the

side-stakes from the centre-

stake, measured along the trans-

verse ground-slope. These dis-

tances will be copied into the

proper book for field use.

If, instead of concentric arcs,

vertical straight lines are drawn
on the transparent paper, we
shall in like manner obtain, by mere inspection, the horizontal distances

of the side-stakes from the centre one. When the horizontal distances

are employed in preference to those measured along the transverse

ground-slope, it is necessary to use a plumb at the end of the measur-

ing line, in order to hold it vertically over the centre, or the side-stake,

depending upon which is lowest.

This method, however, is applicable only when the ground-slopes
are regular, and have been taken with great care. The following
method by the level is altogether preferable for general purposes.
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It is generally best to note the horizontal side distances; because

if a side-stake is accidentally lost after the excavation has been com-

menced, it is then only necessary to find the centre line of the work,
in order to replace it

;
whereas when the inclined side-distances are

used, it becomes necessary to find not only the centre point, but also

the original height of the centre stake, to measure from.

ON THE USUAL METHOD OF CALCULATING EXCAVATIONS AND
EMBANKMENTS.

Different engineers employ different methods, of which the following

is, perhaps, as simple as any :

It requires that there shall be given, (beside the width of roadway m H,

figs. 11 and 12, and the side-slope,) the extreme horizontal width a b of

the cut, or embankment; and the vertical depths f e at the centre; and

c a, d b at the sides.

The Rule then is, multiply the extreme horizontal width a b, by half the

centre depth f e; also multiply ONE-FOURTH of the width of roadway in n,

by the sum of the two side depths c a and d b: the sum of the products will

be the area of the cross section m n d f c
)%/?g*.

11 orJig. 12.

This area, thus found, multiplied by 100, (the usual length of the station

in feet,) and divided by 27, (the number of cubic feet in a cubic yard,)

gives the cubic content of the station, provided the area of the cross-sec-

tion at the other end of the station be the same; but if not, the prismoidal
Rule must be used, as already explained.

The trouble of multiplying by 100, and dividing by 27, may "be

avoided by the use of table 17, prepared for that purpose.

The centre-depths/ e, figs. 11 and 12, are given by the level book; but

the side-depths c a and d 6, have to be found by trial on the ground; thus,

USUAL METHOD OF FINDING SIDE-DEPTHS, AND PLACING SIDE-
STAKES.

1st. For an Excavation.

The level is placed conveniently for sighting from the same position

upon/ c, and d, figs.
11 and 12.

Fig. 11. Fig. 12.

A sight/ o, is then taken on the target-rod held at/; this sight/ o, being
added to the centre-depth/e, gives the height e o, of the instrument above

a b
;

or the height of the horizontal plane, (represented by h p,)

through which the line of sight passes as the telescope of the level is

swept round on the axis of the instrument.
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The height of d abovey is then estimated by eye, say at 2 feet; this 2

feet, added to f e, gives the approximate height of d b. Assuming the

approximate height d b as the correct one, we find what would be the

horizontal distance from the centre to d, either by calculation, or from a

previously prepared table of horizontal distances. Measure off that dis-

tance horizontally towards d, and placing the target 2 feet lower on the

target rod, hold it at the end of the measured distance. A sight is then

taken with the level, and if it strikes the centre of the target, it proves
that the assumed height of d, and the corresponding horizontal distance

from the centre of the roadway, were correct; and that the proper spot is

found for placing the side-stake d.

It seldom happens that such a coincidence is found at the first trial; at

least two trials are generally required; and frequently three, or even four

when the ground is extremely, irregular.

A very close approximation, however, can always be made by an ex-

perienced leveller after the first trial. An error of an inch or two in the

position of a side-stake is a matter of no practical importance whatever.

The same operation is performed at c, except that as c is lower than f^
the target is raised on the rod, as far abo.ve the sight taken at f as c is

estimated to be below f.

2d. For an Embankment.

When putting in side-stakes for an embankment, fig. 13, the sight taken

on the rod at the centre-stake, is subtracted from the centre-height of the

embankment, in order to obtain the depth of the instrument below the

roadway; and the outer sights, c a, d a, are to be added to this depth,
s t, for the side-depths; except when, as in fig. 14, the sight r y, on the

rod at the centre-stake, is greater than the height r x of the embankment,
in which case the difference x y, between the two, will be the height of

the instrument above the roadway; and this difference, x y, must then be

subtracted from the sights a c, a d, for the side-depths, o c, o d; all of

which is apparent from the figures.

Fig. 13. Fig. 14.

It is plain that if the heighten the target rod at </, fig ? 11, be subtract-

ed from e o, the remainder will be d b; and that taken at c, subtracted

from e o, will give c a.

These operations give us therefore, at the same time, the heights d 6,

and c a; and also the horizontal distances from the centre to each side-

stake. All these are at once entered into the proper field-book, to be

used in estimating the areas and cubic contents in the office.
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The sum of the two horizontal distances manifestly gives the

extreme width of the excavation or embankment.

Transverse ground-slopes are obtained in the field, by means of a

small slope-level, or clinometer, placed upon a rod, 10 or 12 feet long;
which, at every station, is laid upon the ground as nearly at right

angles to the line of survey, as can be judged by eye. These slope-
levels are sold by most instrument-makers. If they were graduated
to give the slope in feet per 100 feet, they would be much more
convenient.

When the ground is regular transversely,>but one 'slope need be
taken

;
at other times, one or more may be required from the centre-

stake each way. The slopes for estimating the final adopted line, need
not extend beyond the widths actually occupied by the cuttings and

fillings; while those taken in preliminary surveys should comprise a
considerable width, as they are, moreover, used in the office for

changing the position of the surveyed line, in order to avoid excava-
tion and embankment.

In the following tables of level-cuttings, the left-hand vertical

column contains the height or depth of the embankment or excavation,
in feet

;
and the upper horizontal column, the intermediate tenths of

a foot. Thus, in table 1, the cubic yards in a station 100 feet long and
10 feet deep, are 1074; for lO'l deep, 1090; for 10'2 deep, 1107, &c.
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TABLE 1. LEVEL CUTTINGS.

Roadway I4tfeet wide, fide-slopes 1^ to 1.

H'ght
in ft.



SIDE-SLOPES I 'to

UOAWVAYll FT

Fw Embankment-.
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TABLE 2. LEVEL CUTTINGS.

Roadway 24 feet wide, side-slopes l to 1.

H'Kht
in ft.
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TABLE 3. LEVEL CUTTINGS.

Roadway 18 feet wide, side-slopes I to I.

Depth
in ft.



5 10 1.7 20

SIDE -SLOPES Itol

ROADWAY 18 F*

Exca vatioTL.







(H)
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TABLE 4. LEVEL CUTTINGS.

Roadway IS feet wide, side-slopes H to 1.

Depth
in ft.
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TABLE 5. LEVEL CUTTINGS.

Roadway IS feet wide, side-slopes l to 1.

Depth
in ft.



Plate
'

SIDE-SLOPES iHol.

ROADWAY 18 FT







Plate II

r>o

SIDE-SLOPES :>tol.

R ( )ADWAY 18 FT

for A\rrst vatiou .
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TABLE 6. LEVEL CUTTINGS.

Roadway \8feet wide, side-slopes 2 to 1.

Depth
in ft.
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TABLE 7. LEVEL CUTTINGS.

Roadway 28 feet wide, side-slopes I to I.

Depth
in ft.



PlateW

SIDE -SLOPES J tol.

ROADWAY 28 Ft

For Excavation







SIDE-SLOPES] hoi

ROADWAY 2 FT

tf.wavfrlioii'.
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TABLE 8. LEVEL CUTTINGS,

Roadway 28 feet wide, side-slopes \$ to 1.

Depth
in ft.
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TABLE 9. LEVEL CUTTINGS.

Roadway 28 feet wide, side-slopes 1$ to 1.

Depth
in ft.



Waff IX.

60

55







Tiate X

60-

55

50

45

40

35

30

25

20

SIDE-SLQEES 2tol



31

TABLE 10. LEVEL CUTTINGS.

Roadway 28 feet wide, side-slopes 2 to 1.

Depth,
in ft.
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TABLE 11. LEVEL CUTTINGS.

Roadway IS feet wide* side-slopes, J to 1.

Depth
in ft.
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TABLE 12. LEVEL CUTTINGS.

Roadway 28 feet wide, side-slopes % to 1 .

Depth
in ft.
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TABLE 13. LEVEL CUTTINGS.

Roadway 18 feet wide, fide-slopes $ to 1.

15
IS*
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TABLE 14. LEVEL CUTTINGS.

Roadway 28 feet wide, side-slopes to 1.

li
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TABLE 15. LEVEL CUTTINGS.

Continuation of the foregoing Tables of Cubic Contents, to 170 feet of height or depth.

Height
or Depth
in feet.
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TABLE 15. LEVEL CUTTINGS CONTINUED.

Height
or

Depth
in Feet.
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TABLE 16.

Of cubic yards in a 100-foot station, to be added to, or subtracted from, the quanti-
ties in the preceding 15 tables, in case the excavations or embankments should be
increased or diminished 2 feet in width. To be used only in rough estimates.

The most rapid method of performing this operation would be to add together the

average heights, or depths, of the equivalent level cuttings or fillings of several con-
secutive 100-foot stations, and divide their sum by their number, for an average of

them all. The number of cubic yards corresponding to this average height, or depth,
when multiplied by the number of stations, Will give the content of the entire length,
nearly.

It would, however, be better for the assistant, in cases where the width of roadway
differs from those in the preceding tables, to construct at once a new table

;
or else to

use the diagrams and their tables in the manner described immediately following
fig. 4.

Cubic Yards in a length of 100 feet,- breadth Z feet; and of different depths.

Height
or

Depth
in

feet.
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TABLE 17. CUBIC YARDS IN 100 FEET LENGTH.

This Table shows the number of cubic yards of Excavation, or Embankment, corres-

ponding to different areas of cross section, and to a length of 100 feet. The areas are

expressed in square feet.
This Table may be extended, by mentally changing the place of the decimal point; thus,

the cubic yards corresponding to an area of 1100 square feet will be 10 times that of 110

square feet, or 4074 ; those corresponding to an area of 8955 square feet, will be 10 times

that of 895-5 square feet, or 33167. If the number is not exactly divisible by 10, we may
still take out the corresponding cubic yards with sufficient accuracy for practice, by using
the nearest tabular number; thus, if we take 33167 for the cubic yards corresponding to

an area of 8953 square feet, the error will be but about 8 cubic yards in 33000. A mean

can, however, always be estimated in an instant by the eye, which will reduce the error to

still less; thus it is seen at a glance, that 33157 is, in this instance, nearer than 33167.

Area,

sq. ft.
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TABLI 17. CUBIC YARDS IN 100 FEET LENGTH.

Area,

sq. ft.
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TABIE 17. CUBIC YARDS IN 100 FEET LENGTH.

Area.
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TABLE 17. CUBIC YARDS IN 100 FEET LENGTH.

!
AreaJ Cubic
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TABLE 17. CUBIC YARD* IN 100 FEET LENGTH.

A~
sq.ft.
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TABLE 17. CUBIC YARDS IN 100 FEET LENGTH.

Area,

sq. ft.
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TO PREPARE A TABLE, T (below), OF LEVEL CUTTINGS, FOR EVERY

y^ OF A FOOT OF HEIGHT, OR DEPTH.

Let the fig. represent the cutting ; or, if

inverted, the filling ;
in which the horizon- >^*

tal lines are supposed to be J^ foot apart.

First calculate the area in square feet, of the layer a b c o, adjoining
the roadway a b. Then find how many cubic yards that area gives
in a distance of 100 feet. These cubic yards we will call Y

; they
form the first amount to be put into the table T.

Next calculate the area in square feet of the triangle a no. Multi-

ply this area by 4. Find how many cubic yards this increased area

gives in a distance of 100 feet. Or they will be found ready calcu-

lated a little farther on. We will call them y. This is all the prepa-
ration that is needed before commencing the table.

Example. Let the roadbed a 6 be 18 feet, and the side-slopes 1J to

1, as in our preceding table and diagram No. V. Then for the area

of a boo: since the side-slopes are 1J to 1; and st is '1 foot; c o

must be 18'3 feet; and the mean length of a b c o must be 18'15 feet.

Consequently the area is 18'15 X ! = 1*815 square feet; which, in

a distance of 100 feet, gives 181*5 cubic feet; which is equal to

^^ = 6-7222 cubic yards ;
or Y.

2i i

Next, as to the triangle ano: its height a n being *1 foot, and its

base n o *15 feet; its area = =
5
= '0075 square ft. This

2t A

multiplied by 4, gives '03 square feet; which, in a distance of 100 feet,
o

gives '03 X 100 = 3 cubic feet; which is equal to ^ = "1111 cubic

yard ;
or y.

Having thus found Y and y, proceed to make out the table in the

manner following, which is so plain as to require no explanation.
The work should be tested about every 5 feet, by calculating the area

of the full depth arrived at; multiply it by 100, and divide the pro-
duct by 27 for the cubic yards. The cubic yards thus found should

agree with the table.

.6-7222.

. -1111

6-8333

. -1111

6-9444

. -1111

7-0555
. -1111

7-1666
. -1111

7-2777

.Y. 6-7222 -1

6-8333

13-5555 -2

6-9444

20-5000 -3

7-0555

27-5555 -4

7-1666

34-7222 -5

7-2777

42-0000 -6

TABLE T.

Height.
Feet.

1...

2...

3...

4...

5...

Cub. Yds.

6-72 Y.
13-6

20-5

27-6

34-7

42-0

&c.
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The following table contains y, ready calculated for different side-

slopes. It plainly remains the same for all widths of roadbed.

Side-slope.
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RULE. Measure and add together the four parallel edges, (as 11, 22,

33, 44, of the frustum C.) Divide their sum by 4, for a mean length.

Multiply this mean length by the area of the frustum at right angles to

said parallel edges. The product will be the required content.

To apply this rule to borrow-pits, the surface of the ground is first

staked out in squares. If the surface is sloping or irregular, the tape-
line must be held horizontally, while laying out the sides of the

squares. When the ground is very irregular, these squares should be

of such a size that each one of them may without material error be

considered to be a plane surface, either horizontal or sloping. The

depth of the horizontal bottom of the pit, below a certain given mark,
or datum, being first determined on, levels are then taken at all the

corners of the squares to ascertain the depth of digging at each corner.

These depths plainly give the lengths of the four parallel edges of

each frustum
;
each frustum may then be calculated separately, and

the whole added together.

COST OF EARTHWORK.

ARTICLE 1.

It is advisable to pay for this kind of work by the cubic yard of

excavation only, instead of allowing separate prices for excavation and
embankment. By this means we get rid of the difficulty of measure-

ments, as well as the controversies and lawsuits which often attend

the determination of the allowance to be made for the settlement or

subsidence of the embankments.

It is, moreover, our opinion that justice to the contractor should

lead to the English practice of paying the laborers by the cubic yard,
instead of by the day. Experience fully proves that when laborers

are scarce and wages high, men can scarcely be depended upon to

do three-fourths of the work which they readily accomplish when

wages are low, arid when fresh hands are waiting to be hired in case

any are discharged. The contractor is thus placed at the mercy of

his men. The writer has known the most satisfactory results to

attend a system of task-work, accompanied by liberal premiums for

all overwork. By this means the interests of the laborers are identi-

fied with that of the contractor, and every man takes care that the

others shall do their fair share of the task.

Ellwood Morris, C. E., of Philadelphia, was, we believe, the first

person who properly investigated the elements of cost of earthwork,
and reduced them to such a form as to enable us to calculate the total

with a considerable degree of accuracy. He published his results in

the Journal of the Franklin Institute in 1841. His paper forms the

basis on which, with some variations, we shall consider the matter, and
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on which we shall extend it to wheelbarrows, as well as to carts.

Throughout this paper we speak of a cubic yard considered only as

solid in its place, or before it is loosened for removal. It is scarcely

necessary to add that the various items can of course only be regarded
as tolerably close approximations, or averages. As before stated, the

men do less work when wages are high, and more when they are low.

A great deal besides depends on the skill, observation, and energy of
the contractor and his superintendents. It is no unusual thing to see

two contractors working at the same prices, in precisely similar mate-

rial, where one is making money, and the other losing it, from a want
of tact in the proper distribution of his forces, keeping his roads in

order, having his carts and barrows well filled, &c., &c. Uncom-
monly long spells of wet weather may seriously affect the cost of exe-

cuting earthwork, by making it more difficult to loosen, load, or empty ;

besides keeping the roads in bad order for hauling.

The aggregate cost of excavating and removing earth is made up
by the following items, namely :

1st. Loosening the earth ready for the shovellers.

2d. Loading it by shovels into the cai^ts or barrows.

3d. Hauling ,
or wheeling it away, including emptying and returning.

4th. Spreading it out into successive layers on the embankment.
5th. Keeping the hauling-road for carts, or the plank gangways for

barrows, in good order.

6th. Wear, sharpening, depreciation, and interest on cost of tools.

7th. Superintendence and water-carriers.

8th. Profit to the contractor.

We will consider these items a little in detail, basing our calcula-

tions on the assumption that common labor costs $1 per day, of 10

working hours. The results in our tables must therefore be increased

or diminished in about the same proportion as common labor costs

more or less than this.

ARTICLE 2.

LOOSENING THE EARTH READY FOR THE SHOVELLERS. This is

generally done either by ploughs or by picks ;
more cheaply by the

first. A plough with two horses, and two men to manage them, at

$1 per day for labor, 75, cents per day for each horse, and 37 cents

per day for plough, including harness, wear, repairs, &c., or a total

of $3.87, will loosen, of strong heavy soils, from 200 to 300 cubic

yards a day, at from 1-93 to 1*29 cents per yard; or of ordinary

loam, from 400 to 600 cubic yards a day, at from '97 to '64 of a cent

per yard. Therefore, as an ordinary average, we may assume the

actual cost to the contractor for loosening by the plough, as follows :

strong heavy soils, 1*5 cents
;
common loam, '8 cent

; light sandy soils,

4 cent. Very stiff pure clay, or obstinate cemented gravel, may be

set down at 2*5 cents
; they require three or four horses.
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By the pick, a fair day's work is about 14 yards of stiff pure
or of cemented gravel ;

25 yards of strong heavy soils
;
40 yards of

common loam
;
60 yards of light sandy soils all measured in place ;

which, at $ 1 per day for labor, gives, for stiff clay, 7 cents
; heavy

soils, 4 cents
; loam, 2*5 cents

; light sandy soil, 1*666 cents. Pure
sand requires but very little labor for loosening; '5 of a cent will

cover it.

ARTICLE 3.

SHOVELLING THE LOOSENED EARTH INTO CARTS. The amount
shovelled per day depends partly upon the weight of the material,
but more upon so proportioning the number of pickers and of carts

to that of shovellers, as not to keep the latter waiting for either mate-

rial or carts. In fairly regulated gangs, the shovellers into carts are

not actually engaged in shovelling .for more than six-tenths of their

time, thus being unoccupied but four-tenths of it
; while, under bad

management, they lose considerably more than one-halfof it. A shovel-

ler can readily load into a cart one-third of a cubic yard measured in

place (and which is an average working cart-load), of sandy soil, in five

minutes
;
of loam, in six minutes

;
and of any of the heavy soils, in

seven minutes. This would give, for a day of 10 working hours, 120

loads, or 40 cubic yards of light sandy soil
;
100 loads, or 33J cubic

yards ofloam
;
or 86 loads, or 28*7 yards of the heavy soils. But from

these amounts we must deduct four-tenths for time necessarily lost
;

thus reducing the actual working quantities to 24 yards of light sandy
soil, 20 yards of loam, 17*2 yards of the heavy soils. When the

shovellers do less than this, there is some mismanagement.

Assuming these as fair quantities, then, at $ 1 per day for labor, the

actual cost to the contractor for shovelling per cubic yard measured in

place, will be, for sandy soils, 4*167 cents
; loam, 5 cents

; heavy soils,

clays, &c., 5*81 cents.

In practice, the carts are not usually loaded to any less extent with
the heavier soils than with the lighter ones. Nor, indeed, is there

any necessity for so doing, inasmuch as the difference of weight of a

cart and one-third of a cubic yard of the various soils is too slight to

need any attention; especially when the cart-road is kept in good
order, as it will be by any contractor who understands his own inter-

est. Neither is it necessary to modify the load on account of any
slight inclinations which may occur in the grading of roads. An
earth-cart weighs by itself about J a ton.

ARTICLE 4.

HAULING AWAY THE EARTH, DUMPING OR EMPTYING, AND RE-
TURNING TO RELOAD. The average speed of horses in hauling is

about 2J miles per hour, or 200 feet per minute
;
which is equai to

100 feet of trip each way ;
or to 100 feet of lead, as the distance to
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which the earth is hauled is technically called. Beside this, there is

a loss of about four minutes in every trip, whether long or short, in

waiting to load, dumping, turning, &c. Hence, every trip will occupy
as many minutes as there are lengths of 100 feet each in the lead

;

and four minutes beside. Therefore, to find the number of trips per

day over any given average lead, we divide the number of minutes
in a working day by the sum of 4 added to the number of 100-feet

lengths contained in the distance to which the earth has to be removed
;

that is,

The number (600) of minutes in a working day _ the number of trips, or loads

4 -f- the number of 100-feet lengths in the lead removed per day, per cart.

And since J of a cubic yard measured before being loosened, makes
an average cart-load, the number of loads, divided by 3, will give the

number of cubic yards removed per day by each cart
;
and the cubic

yards divided into the total expense of a cart per day, will give the

cost per cubic yard for hauling.

In leads of ordinary length one driver can attend to 4 carts
; which,

at $1 per day, is 25 cents per cart. When labor is at $1 per day the

expense of a horse is usually about 75 cents
;
and that of the cart,

including harness, tar, repairs, &c., 25 cents, making the total daily
cost per cart $1.25. The expense of the horse is the same on Sundays
and on rainy days, as when at work

;
and this consideration is included

in the 75 cents. Some contractors employ a greater number of drivers,
who also help to load the carts, so that the expense is about the same
in either case.

Example. How many cubic yards of loam, measured in the cut,

can be hauled by a horse and cart in a day of 10 working-hours, (600

minutes,) the" lead, or length of haul of earth being 1000 feet, (or 10

lengths of 100 feet,) and what will be the expense to the contractor

for hauling, per cubic yard, assuming the total cost of cart, horse, and

driver, at|l'25?

600 minutes 600 _ 43 loads

Here,
-
A r c ^ AA ? , TT = 43 loads. And ~ =

' 4 H- 10 lengths of 100 feet, 3

125 cents
14-3 cubic yards. And ,

^ ^-
= 8'74 cents per cubic yard.

In this manner the 2d and 3d columns of the following tables have

been calculated.

ARTICLE 5.

SPREADING, OK LEVELLING OFF THE EARTH INTO REGULAR
THIN LAYERS ON THE EMBANKMENT. A bankman will spread from

50 to 100 cubic yards of either common loam, or any of the heavier

soils, clays, &c., depending on their dryness. This, at $ 1 per day, is
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1 to 2 cents per cubic yard ;
and we may assume 1J cents as a fail

average for such soils
;
while 1 cent will suffice for light sandy soils.

This expense for spreading is saved when the earth is either

dumped over the end of the embankment, or is wasted
; still, about

cent per yard should be allowed in either case for keeping the

dumping-places clear and in order.

Remark. When removing loose rock, which requires more time foe

loading, say,

No. of minutes (600) in a working day. _ No. of loads removed

6 + No. of 100-feet lengths of lead.
~
per day, per cart.

ARTICLE 6.

KEEPING THE CART-ROAD IN GOOD ORDER FOR HAULING. JNo

ruts or puddles should be allowed to remain unfilled
;
rain should at

once be led off by shallow ditches
;
and the road be carefully kept in

good order
;
otherwise the labor of the horses, and the wear of carts,

will be very greatly increased. It is usual to allow so much per
cubic yard for road repairs ;

but we suggest so much per cubic yard,

per 100 feet of lead
; say y

1

^ of a cent.

'ARTICLE 7.

WEAR, SHARPENING, AND DEPRECIATION OF PICKS AND SHO-
VELS. Experience shows that about J of a cent per cubic yard will

cover this item.

SUPERINTENDENCE AND WATER-CARRIERS. These expenses will

vary with local circumstances
;
but we agree with Mr. Morris, that 1J

cents per cubic yard will, under ordinary circumstances, cover both
of them. An allowance of about J cent may in justice be added for

extra trouble in digging the side-ditches ; levelling off the bottom of
the cut to grade ;

and general trimming up. In very light cuttings
this may be increased to J cent per every yard.

At J cent, all the items in this Article amount to 2 cents per cubic

yard of cut.

ARTICLE 8.

PROFIT TO THE CONTRACTOR. This may generally be set down at

from 6 to 15 per cent., according to the magnitude of the work, the

risks incurred, and various incidental circumstances. Out of this

item the contractor generally has to pay clerks, storekeepers, and
other agents, as well as the expenses of shantees, &c.

; although these



52

are in most cases repaid by the profits of the stores
;
and by the rates

of boarding and lodging paid to the contractors by the laborers.

AKTICLE 9.

A knowledge of the foregoing items enables us to calculate with

tolerable accuracy the cost of removing earth. For example, let it

be required to ascertain the cost per cubic yard of excavating common
loam, measured in place; and of removing it into embankment, with an

average haul or lead of 1000 feet
;
the wages of laborers being $1 per

day of 10 working hours
;
a horse 75 cents a day ;

and a cart 25 cents.

One driver to four carts.
Cents.

Here we have cost of loosening, say by pick, Art. 2, per cubic yard, say, 2-50

Loading into carts, Art. 3,
" " 5-00

Hauling 1000 feet, as calculated previously in example, Art. 4,
" 8-72

Spreading into layers, Art. 5,
" 1-50

Keeping cart-road in repair, Art. 6, 10 lengths of 100ft., 1-00

Various items in Art. 7 2-00

Total cost to contractor, 20-72
Add contractor's profit, say 10 per cent., . . 2-072

Total cost per cubic yard to the company, . . 22-792

It is easy to construct a table like the following, of costs per cubic

yard, for different lengths of lead. Columns 2 and 3 are first

obtained by the Rule in Article 4
;
then to each amount in column

3 is added the variable quantity of T\j of a cent for every 100 feet

length of lead, for keeping the road in order
;
and the constant quan-

tity (for any given kind of soil) composed of the prices per cubic

yard, for loosening, loading, spreading, or wasting, <fec., either taken

from the preceding Articles
;
or modified to suit particular circum

stances. In this manner the tables have been prepared.
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BY CARTS. LABOR $1 PER DAY, OF 10 WORKING HOURS.

JS
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BY CARTS. LABOR $1 PER DAY, OF 10 WORKING HOURS.

a



55

ARTICLE 10.

B*/ WHEELBARROWS. The cost by barrows may be estimated in

tlifi same manner as by carts. See Articles 1, &c. Men in wheeling
move at about the same average rate as horses do in hauling, that is,

2J miles an hour, or 200 feet per minute,. or 1 minute per every 100-

feet length of lead. The time occupied in loading, emptying, &c.

(when, as is usual, the wheeler loads his own barrow,) is about 1*25

minutes, without regard to length of lead; beside which, the time lost

in occasional short rests, in adjusting the wheeling-plank, and in other

incidental causes, amounts to about T'o part of his whole time
;
so that we

must in practice consider him as actually working but 9 hours out of

his 10 working ones, at the rate of 2*25 minutes per 100 feet of lead.

To find, then, the number of barrow-loads which he can remove in a

day, multiply the number of minutes (600) in a working day by *9
;

and divide the product by the sum of 1*25, added to the number of

100-feet lengths in the lead
;
that is,

The number of minutes in a working day X -9_ the number of trips or of loads

1-25 -f the number of 100-feet lengths of lead
~

removed per day per barrow.

See Remark below.

The number of loads divided by 14 will give the number of cubic

yards, since a cubic yard, measured in place, averages about 14 loads.

And the cost of a wheeler and barrow per day, (say $ 1 per man, and
5 cents per barrow,) divided by the number of cubic yards, will give
the cost per yard for loading, wheeling, and emptying.

Example. How many cubic yards of common loam, measured in

place, will one man load, wheel, and empty, per day of 10 working
hours (or 600 minutes) ;

the lead, or distance to which the earth is

removed being 1000 feet (or 10 lengths of 100 feet); and what will

be the expense per yard, supposing the laborer and barrow to cost

$1.05 per day?

600 minutes X -9 540
Iere

> 1-25 + 10 lengths

=
IF26

= 48 triPS
>

r loads Per da?'

And = 3-43 cubic yards per day. And -^^ -, = = 30'6 cts.
3*43 cub. yds.

per cubic yard for loading, wheeling away, emptying, and returning.
This would be increased almost inappreciably by the cost of the shovel,

which, in the following tables, however, is included in the cost of tools.

Remark. For rock, which requires more time for loading, say

No. of minutes in a working day X -9=No. of loads removed
1'6 + No. of 100-feet lengths of lead per day, per barrow
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ARTICLE 11.

The following tables are calculated as in the case of carts, by first

finding columns 2 and 3 by means of the Rule in Article 4, and then

adding to each sum in column 3, the variable quantity of -1 of a cent

per cubic yard per 100 feet of lead for keeping the wheeling-planks
in order; and the prices of loosening, spreading, superintendence,

water-carrying, &c., per cubic yard, as given in the preceding Articles

2 to 7.

BY WHEELBARROWS. LABOR $1 PER DAY, OF 10 WORKING HOURS.

'2



57

BY WHEELBARROWS. LABOR $1 PER DAY, OF 10 WORKING HOURS.

1
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ARTICLE 14.

REMOVING KOCK EXCAVATION BY WHEELBARROWS. A cubic

yard of hard rock, in place, or before being blasted, will weigh about

1*8 tons, if sandstone or conglomerate (150 Ibs. per cubic foot); or 2

tons if good compact granite, gneiss, limestone, or marble (168 Ibs.

per cubic foot). So that, near enough for practice in the case before

us, we may assume the weight of any of them to be about 1*9 tons,
or 4256 Ibs. per cubic yard, in place; or 158 Ibs. per cubic foot.

Now, a solid cubic yard of any of these, when broken up by blast-

ing for removal by Avheelbarrows or carts, will occupy a space of about

1*8, or If cubic yards; whereas average earth, when loosened, swells

to but about 1*2, or 1^ of its original bulk in place; although, after

being made into embankment, it eventually shrinks into less than

its original bulk. In estimating for earth, it is assumed that
1

1

1 cubic

yard, in place, is a fair load for a wheelbarrow. Such a cubic yard
2430

will weigh on an average 2430 Ibs., or 1*09 tons; therefore, ~r^

174 Ibs., is the weight of a barrow-load, of 2'31 cubic feet of loose

earth. Assuming that a barrow of loose rock should weigh about
the same as one of earth, we may take it at ^ of a cubic yard ;

which

gives ~04~
177 Ibs. per load of loose rock, occupying 2 cubic feet

of space.

In the following table, columns 2 and 3 are prepared on the same

principle as for earth, as directed in Article 4. Column 4 is made

up by adding to each amount in column 3, '2 of a cent for each 100
feet length of lead, for keeping the wheeling-planks in order

;
and 45

cents per cubic yard, in place, as the actual cost for loosening, including

tools, drilling, powder, &c.
;
as well as moderate drainage, and every

ordinary contingency not embraced in column 3. Contractor's profits,
of course, are not here included.

Ample experience shows that when labor is at $1 per day, the fore-

going 45 cents per cubic yard, in place, is a sufficiently liberal allow-

ance for loosening hard rock under all ordinary circumstances. In

practice it will generally range between 30 and 60 cents
; depending

on the position of the strata, hardness, toughness, water, and other

considerations. Soft shales, and other allied rocks, may frequently be

loosened by pick and plough, as low as 15 to 20 cents; while, on the

other hand, shallow cuttings of very tough rock, with an unfavorable

position of strata, especially in the bottoms of excavations, may cost

$1, or even considerably more. These, however, are exceptional

cases, of comparatively rare occurrence. The quarrying of average
hard rock requires about J to J Ib. of powder per cubic yard, in place ;

but the nature of the rock, the position of the strata, &c., may increase
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it to J lb., or more. Soft rock frequently requires more powder than

hard. A good churn-driller will drill from 8 to 12 feet in depth, of
holes about 2J feet deep, and 2 inches diameter, per day, in average
hard rock, at from 12 to 18 cents per foot. Drillers receive higher

wages than common laborers.

HARD ROCK, BY WHEELBARROWS.

Labor $lper day of 10 working hours.

41
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HARD ROCK, BY CARTS.

Labor $1 per day, of 10 working hours.

41
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