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The greater simplicity and convenience of xhc second
method commend it to general use in spite of its draw-
backs.

On some roads it is customary to take sections after
the work is done, and pay for the actual quantities exca-
vated ; in others, the slope lines are adhered to and every
endeavor is toward the full section taken out. It is pro-
bable, however, that the former method is more satisfac.
tory to all concerned, although giving a little extra work
to the engineering staff,

Structures need to be staked out twice, once for the
foundation pit and again for the laying out of masonry,
and of course, on all important structures, measurements
and levels are given very frequently as the work pro-
gresses, both as an aid and a check to the contractors. A
separate note book called a *structure book " should be
used, and in it recorded, from day to day, notes of actual
sizes, heights and measurements of all structures, and a
duplicate office copy also kept up to date for fear of losing
the field book. This structure book should include notes
on all timber, stone and iron structural work, and will be
a valuable aid in case of disputes involving quantities, it
will also enable a large scaled profile being made for the
maintenance department showing the exact chainage and
elevation of each foundation and portion of structure. The
necessity for absolute accuracy in laying out, measuring
and calculating the quantities in all structures and grading
cannot be too firmly imprec<ed on the young engineer ; all
office calculations should bz done in duplicate and prefer-
ably by diffcrent persons, as one cannot be very sure of a
check on one’s own work.

Cross Section Areas may be calculated in at least three
or four ways, (1) where only a three-level section is taken,
asin Fig. 77, the area of the section is evidently made up
of triangles and is:
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(2) On rougher ground where more than three surface
readings are necessary this method fails and must be
replaced by more tedious ones, quite ordinarily Fig. 78
illustrates the one adopted, and consists in taking out the
sum of all the trapezoidal areas, 4.4.,0.,D.E.F.G.H.A.
and deducting the area of the two triangles 4.4.,B. and
D.D.,C.

(3) By careful plotting, irregular areas can be taken
out quite accurately with a polar planimeter.

{4) By Eckel's formula, which can be used without
plotting the sections, and is equally adapted to the easiest
or most difficult rectilinear areas. This formula, which is
mathematically correct, is: ¢ If the corners of any rec-
tilinear polygon be referenced by rectangular co ordinates
to any origin, then if the ordinate of every corner be multi-
plied by the abscissa of the next corner, and so on around
the polygon, and these products added together; and if
the ordinate of every corner be again taken and multiplied
by the abscissa of the next corner, passing around the
polygon in the reverse direction, and these products added
together, then the area of the polygon is equal to one-half
of the difference of these two sums.” As anexample, in
Fig. 79 the area of the polygon is
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by having all the area above the axis XX,, and in very
irregular areas, which are met with in cuts that have
slipped in as in Fig. 79, the area can be quickly taken out,
thus, as follows :«—

Section = +8o +_8_5 +80 +7.5 +(o- +_ 7.0

fclion = 220 —3.0 oo *z20 +80 +200
+ 40 +00 +00 +00 + 2.0 + 40 + 80
4130 +490 00 -9.0 ~-i40 —160 =220

Area =4 { - 24.0 +160 4 60.0 4+ 1200 4+ 91.0 4 270 —
32.0 — 88.0 ++ 128.0 + 56.0 + 18.0 — 60.0 ~ 56.0 —
12,0 + 24.0 4 187.0} = 227.5 square feet.
Thus arriving at a ¢ rrect result without plotting sections,
and by a mechanical sort of process, which is a safe one
to place in the hands of a comparatively unintelligent rod-
man; for the purpose of checking calculations, it is not
appreciably more or less rapid than by taking out areas
by method. (2)

QUANTITIES, .

The use of tables and diagrams is a great aid in taking
out approximate quantities, so that in various handbooks
may be found the volume of 100 foot prismoids of level
sections, of various heights, slopes and widths of road-bed,
and this has been extended in Wellingtun's earthwork
diagrams, etc., by giving the volumes of 100 foot prismoids
where the sections, altl.ough not level, are of the three-
level type, having a separate height at the centre and each
slope stake, and as in easy sections this is all that is taken
the diagrams are very useful. More accurate calculations
of volumes of excavation or embankment may be made in
three ways: (1) The prismoidal formula, wuich is the
only one that is mathematicully correct, is as follows :—
Volume =L x A—————“ 4g +4 ceenens cererernnnnn (4)

Where L = length of prismoid A4 and 4, = end areas
and 4, = middle area (which must be calculated by inter-
polating the middle heights).

A proof of this formula may be found in any mathe-
matical text book, but a neat adaptation of the formula for
three-level se~*ans is given by Mr. G. H. White in
Engineering News, April, 1895 (see Fig. 80).
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and xf we have a deﬁmte slope whxch we call 5. (say xi» to
1 for earth, or X to 1 for rock), we will have
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and the volume equation becomes
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