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UNIVERSITY

PKEFACE.

THE methods of computing earthwork quantities given in Articles 9,

10, and 11, are entirely distinct from those in the first volume. Each vol-

ume is independent of the other, and complete in itself. Article 8 is in

both volumes. Attention is called to Article 9
;
the rule at the head of

the article is very short and simple, and well adapted, in three-level ground,
to take the place of the ordinary method of ' '

averaging end areas
;

"
it

gives the same answer and the process is a third shorter. As is shown in

the example, the entire process consists in addition, subtraction, and in-

spection of tables, and the errors that are liable to occur in the multipli-

cations that are part of the usual methods are avoided. When, as is

usual, three heights are taken at a station, the following examples will

show by comparison the advantage of using the methods of computing
earthwork quantities given in this work over the usual methods.

EXAMPLE, computed by the usual method of "
averaging end areas."

Road-bed, 18 feet wide. Side slopes 1 to 1. Stations 100 feet long.

Station. L. D. Left. Center. Right. R. D.

1 17.6 8.6 4.6 3.6 12.6

2 166 7.6 2.0 10.2 19.2

124.36

115.90

17.6

12.6



PHEFACE.

first rule in Article 9, the distances (under L. D. and R. D.), from center

to slope stakes are not used.

EXAMPLE. Road-bed, 18 feet wide. Side slopes 1 to 1. Stations 100

feet long.

Station.

1



PREFACE.

than the computation by the usual form of the prismoidal formula, while

the answer is the same.

EXAMPLE, computed by the usual form of the prismoidal formula :

Road-bed, -> feet wide. Side slopes 1 to 1. Stations 100 feet long.

Station. L. D. Left. Center. Right. R. D.

1 18.2 6.2 2.4 1.2 13.2

2 24.8 12.8 8.6 6.4 18.4

18.2 2)2.4 31.4 6.2 7.4 37.68

13.2 1.2 1.2 1.2 6 44.40

31.4 37.68 7.4 44.4 82.08 82.08

300.96

24.8 2)8.6 432 12.8 19.2 185.76 729.50

18.4 473 4.3 6.4 6 115.20

6)1112.54

43.2 185.76 19.2 115.2 300.96 27)185.42

687 Ans. in cu. yds.

31.4 1.2 74.6 7.4 26.6 410.30

43.2 4.3 5.5 19.2 12 319.20

74.6 5.5 410.30 26.6 319.2 729.50

If the last method of Article 9 is used, the computation is very much
shortened and becomes :

2.4
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to slope stakes are not used.

EXAMPLE. Road-bed, 18 feet wide. Side slopes 1 to 1. Stations 100

feet long.
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1
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than the computation by the usual form of the prismoidal formula, while

the answer is the same.

Kx AMPLE, computed by the usual form of the prismoidal formula :

Road-bed, 24 feet wide. Side slopes 1 to 1. Stations 100 feet long.

Station. L. D. Left. Center. Right. R. D.

1 18.2 6.2 2.4 1.2 13.2

2 24.8 12.8 8.6 6.4 18.4

18.2 2)2.4 31.4 6.2 7.4 37.68

13.2 1.2 1.2 1.2 6 44.40

31.4 37.68 7.4 44.4 82.08 82.08

300.96

24.8 2)8.6 43:2 12.8 19.2 185.76 729.50

18.4 4~3 4.3 6.4 6 115.20

6)1112.54

43.2 185.76 19.2 115.2 300.96 27)185.42

687 Ans. in cu. yds.

31.4 1.2 74.6 7.4 26.6 410.30

43.2 4.3 5.5 19.2 12 319.20

74.6 5.5 410.30 26.6 319.2 729.50

If the last method of Article 9 is used, the computation is very much
shortened and becomes :

2.4



6 PEEFACE.

of computing earthwork quantities. Instead of finding the area of each

cross section, the cubic yards in a solid, 100 feet long, of the given cross

section, are found in three-fourths of the time from the tables, by the fol-

lowing rule : When the sum of the side heights is
gl!||t

8

er
than twice the

center height multiply the cubic yards found for the given center

height in the table of side triangles, by the difference between the sum of

the two side heights and twice the center height, and ia^ct the product
fr

t

m the cubic yards found for the given center height in the table of level

cross sections. The cubic yards thus found can be used, as the areas are

commonly used, in the different methods of computing earthwork quan-

tities, omitting the multiplication by 100 and division by 27, as the

quantities are already in cubic yards.

EXAMPLE. Road-bed 18 feet wide. Side slopes 1-J-
to 1. Stations

100 feet long.

Station. Left. Center. Right.

28.0 15.0 9.0

2 14.0 9.0 5.0

28 15 37 58.3 2250

9 2 30 7 408

37 30 7 408.1 2658 2658

1092

14 9 19 41.7 1050 2)3750

5 2 18 1 42 1875 Answer in cubic yards.

19 18 1 41.7 1092

In the above example for Station 1, the sum of the two side heights is

37, twice the center height is 30, and 30 from 37 leaves 7. The number in

Table VI for center height 15.0 is 58.3, and 58.3 multiplied by 7 is 408.

In Table V the number for height 15.0 is 2250, and 2250 plus 408 equals
2658. In the same manner 1092 is found for station 2. Adding 2658

and 1092 and dividing 2, will give the same answer, 1875 cubic yards, as

the common method of "averaging end areas." In Article 8, the above

example is given with "
prismoidal correction." In the cross-section book

pages at the end of this volume are examples of the use of the above rule,

with the "
prismoidal formula " and "

prismoidal correction
" methods

;

and the first and second methods in Article 9 can be used with the

"prismoidal formula" and "prismoidal correction" method; this is

partly shown in Article 10. In the computation of earthwork quantities
much time is saved if similar cross-section books are used; there is a place

for nearly every number, so that errors are less liable to occur. For com-

parison the computation of the above example by the usual method of
"
averaging end areas

"
is given below :
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EXAMPLE. Road-bed 18 feet wide. Side slopes 1 to 1. Stations

100 feet long.

Station.
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ROAD-BED.
FT. WIDE. SIDE SLOE'ES.

I. Level cross-sections.

II. Side-triangles.

III. Level cross-sections.

IV. Side-triangles.

V. Level cross-sections.

VI. Side- triangles.

VII. Level cross-sections.

VIII. Side-triangles.

IX. Level cross-sections.

X. Side-triangles.

XI. Level cross-sections.

XII. Side-triangles.

XIII. Level cross-sections.

XIV. Side-triangles.

XV. Level cross sections.

XVI. Side-triangles.

XVII. Level cross-sections.

XVIII. Side-triangles.

XIX. Level cross-sections.

XX. Side- triangles.

XXI. Level cross-sections.

XXII. Side-triangles.

XXIII. Level cross-sections.

XXIV. Side-triangles.

XXV. Level cross-sections.

XXVI. Side triangles.

XXVII. Level cross-sections.

XXVIII. Side-triangles.

XXIX. Level cross-sections.

XXX. Side triangles.

XXXI. Level cross-sections.

XXXII. Side triangles.

XXXIII. Cu. yds. in J
g
Q ft. 1'gths for given areas.

XXXIV. Level cross-sees. Cu. yds. in 100 ft. Ighs.

XXXV. Level cross-sections.

XXXVI. Side triangles.

XXXVII. Prismoidal corrections.

XXXVIII. Cubic yards in *$* feet lengths for given areas

100



10 ItfDEX TO TABLES.

XXXIX. Cubic yards in iff- feet lengths for given areas.

XL. Cubic yards = height ^4y.

XLI. Cubic yards = 100
2? x r

and cubic yards = 100
a? x f

.

PRISMS. ROAD-BED.
FT. LONG. FT. WIDE. SIDE SLOPES.

XLII. Level cross-sections.

XLIII. Level cross-sections.

XLIV. Cubic yards =

XLV. Cubic yards =

14

18

) 100

(Mght) x 100

O X <&i

(height x r + b) 100
XLV1. Cubic yards = J s_-I_J-

. 24

1| to 1

1 to 1

ltol

1 to 1
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ARTICLE 7.

The cubic yards in a prism 100 feet long, of level cross-section, can be

found by multiplying the area of the cross-section by iff-. The area of

a level cross-section can be found by adding the product of the side-slope

ratio by the height to the width of the road-bed, and multiplying the sum

by the height.

In any level cross section let r equal the ratio of the side-slope to one,

then, as will be more clearly seen by making a diagram,

Area for height 0.1 + area for height 0.9 + 2 (0.9 X 0.1 Xr)
= area for height 1.0.

To change to cubic yards, multiply both terms by iff-, and let the cubic

yards for height 0.9 equal Y, and 2 (0.9 X 0.1 X r)-
1

/,
-
equal y, then

Cubic yards for height 0.1 + Y -f- y = cubic yards for height 1.0,

and in the same way,

Cubic yards for height Q.2+ Y+2y = cubic yards for height 1.1,

and for a general equation

Cubic yards for any height x + Y -\- IQxy = cubic yards for height (z-|-0.9).

This equation can be used in making a table of cubic yards in prisms
100 feet long, of level cross-section. For side-slope 1J to 1, y will equal 1.0;

and for side slope 1 to 1, y will equal f, or 0.6 -J-. Find the cubic yards
for height 0.9 or Y, and place them below the space for height 0.0 in a

table made similar in form to Table C, place Y -\- y below the space for

height 0.1, and Y -\- 2// below the space for height 0.2, etc., to the end of

the first part of the table. Adding 9# to any number in the first part of

tho table will give the number below it; this can be used as a check, or after

the first line of Y+y's are in place the first part of the table can be com-

pleted by adding 9# to each number to find the number below it; and this

is the easier method when the side-slope is 1 to 1, as then 9# equals 6, a

whole number, while y equals f, a fraction. Find the cubic yards for
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from 0.1 to 0.9,, by the rule at the head of this article, or by the

method given in Trautwine^s " Excavations and Embankments/' and place

them in the table; then add the cubic yards for height 0.1 to Y -\- y, the

number just below, to find the cubic yards for height 1.0, and add the cubir

yards for height 0.2 to Y+ 2y to find the cubic yards for heights 1.1, and

so on to the end of the table,, and the complete table will be similar to the

second part of Table C. The cubic yards in the last line should be checked

by the rule at the head of this article; and a line drawn through the quan-
tities Y-\-y, Y-\-2y, etc.; then the table can be used, or copied into any
more convenient form. Table is for a road-bed 18 feet wide, side-slopes

! to 1; Y equals 64.5; y equals 1.0; Y + y equals 65.5; the cubic yards
for 0.1 are 6.7, and 6.7 plus 65.5 equals 72.2, the cubic yards for height 1.0,

and so on to the end of the table; and if it is continued to height 40.0 and

copied, will give Table V.

The rule given in the Preface shows the use of these tables with the

tables of side-triangles.

Road-bed 18 feet wide.

TABLE C.

FIRST PART.
Side-slopes 1| to 1.

~



EXCAVATIONS AND EMBANKMENTS*

In a three-level section in excavation, let the centre-cut equal c, the

sum of the side-cuts equal *. the width of the road-bed equal B, the side-

slope ratio equal r, the difference between the sum of the side-cuts and

twice the centre-cut equal D, and the area of the cross-section equal A\
then the following equation will be true :

B+cr X JOO_ 2 100 Dr 100
.
10(Li

2
K
4 X 27

^
2

~ *
4 X 27 4

X
4 x 27

~
2 X 27

'

To use this equation prepare a table, similar to Tables XLII and XLIII,
for each width of road-bed, showing opposite 2c the quantity

and opposite s the quantity

100

*+*' 100
X
4x27'

this will be seen to be a table of level cuttings with double heights (cuts or

fills) in the first column, and cubic yards in prisms -LJfl-
feet long in the

second column.

Then prepare a table similar to Table XLI, for each side -slope ratio,

showing opposite D the quantity D X j Find from the first
i 4b X <v 4

table the cubic yards for s and for 2c, add them, and from their sum sub-

tract the cubic yards found in the second table for D. Add the cubic yards
thus found for two adjacent stations to find the cubic yards in the prismoid,
100 feet long, between the stations

;
and the answer will be the same as that

given by the common method of
'*

averaging end-areas." In the following

example the road-bed is 18 feet wide, the side-slope ratio 1 to 1, and the

stations 100 feet apart :

Station. Left. Centre. Right.

1 19.6 12.0 9.2

2 25.2 17.6 4.4

8 = 28.8 433
' = 39.6 693 760

2c=24.0 333 2c' = 35.2 580 1269

765 1273 2029 Answer in cubic yards.
D = 4.8 5 D' = 4.4 4

760 1269
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The sum of the side-cuts at station 1 is 28.8, twice the centre-cut is

24.0, and their difference is 4.8, In Table XLIII the number for 28.8 is

432, and the number for 24.0 is 333
;
and in Table XLI the number for 4.8

is 5
;
and 432 plus 333 minus 5 is 760. In the same way, 1269 is found for

station 2, and 760 plus 1269 equals 2029, the answer in cubic yards. From
this answer the "prismoidal correction" of 19 cubic yards, found from

Table XXXVII, for the difference of centre-cuts, 17.6 minus 12.0 equals

5.6, can be deducted, leaving 2010 cubic yards for the answer.

To use the "prismoidal formula," find from the table the cubic yards
for the mid-section, multiply by 4, add the product to the cubic yards for

the end-sections, and divide the sum by 3, as follows :

= 34.2 556 760

e+ c' = 29.6 449 1000 X 4 = 4000

5̂ _^
4.6 5 3

1

6029

2010 Answer in cubic yards.
1000

The same method can be used for embankments, and another example is

shown in Article 9.

In a three-level section in excavation, let the centre-cut equal (7, the sum
of the two side-cuts equal S, the width of the road-bed equal B, the side-

slope ratio equal r, the difference between the centre-cut and half the sum
of the two side-cuts equal D, and the area of the cross-section equal A ;

then the following equation will be true :

To use the equation find from the tables of level cross-sections the cubic

yards for (7 and for , add them, and from their sum subtract the cubic yards

found in Table XLVII for D. Add the cubic yards thus found for two

adjacent stations, and divide the sum by 4, to find the cubic yards in the

prismoid, 100 feet long, between the stations, and the answer will be the

same as that given by the common method of "
averaging end-areas." In

the following example the road-bed is 18 feet wide, the side-slope ratio 1J
to 1, and the stations 100 feet apart.

Station. Left. Centre. Right.
1 28.0 15.0 9.0
2 14.0 9.0 5.0

5 = 18.5 3135 f ~ 9 ' 5 1185 5317

0=15.0 2250 (7=9.0 1050 2184

5385 2185 4)75012= 3.5 68 D' = 0.5 1

1875 Answer.
5317 2184
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Half the sum of the side-cuts at station 1 is 18.5, the centre-cut is 15.0,

and their difference is 3.5. In Table V the number for 18.5 is 3135, and the

number for 15.0 is 2250, and in Table XLVII the number for 3.5 is 68, and

3135 plus 2250 minus 68 is 5317. In the same way, 218-4 is found for sta-

tion 2
;
and 5317 plus 2184 equals 7501, and 7501 divided by 4 gives 1875,

the answer in cubic yards. From the tables of level cross-sections, tables

that give the cubic yards in prisms J^p feet long could be computed, and
100

with a table that gives opposite D the quantity D*r ~ ^ could be used

as above, dividing by 2 instead of 4, with the advantage of using smaller

numbers. As shown, tables giving the cubic yards in prisms ^J
1 feet long

can be used. In Tables XLII and XLIII double heights are used because

it was thought easier to find twice the centre-height than half the sum of

the side-heights. Double heights could be used in the ordinary tables of

level cross-sections. This gives the choice of six methods of using the fact

that twice the area of a three-level cross-section in excavation is equal to

the area of the level cross-section of 0, plus the area of the level cross-sec-
o>

tion of
,
minus D*r

;
C being the centre-cut, 8 the sum of the two side-

ii

o

cuts, D the difference between C and ^-, and r the side-slope ratio. The
A

same methods can be used for embankments.





ARTICLE 8.

PRISMOIDAL CORRECTION.

THE cubic yards given in Table XXXVII are found by multiplying the

square of the difference of center heights (Diff. C. H.) by the ratio of the

side slope to 1, and by 100, and dividing by 27 and 6. If three heights are

taken at a station, find from the tables by the rule in the Preface the cubic

yards for each end cross-section, add them, divide by 2, and subtract the

cubic yards, given in Table XXXVII, for the difference of center heights ;

the answer will usually be a very little in excess of the answer by the

prismoidal formula.

EXAMPLE. Koad-bed 18 feet wide. Side slopes 1 to 1.

Station.

1
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Station.

1



ARTICLE 9.

WHEN three heights are taken at a station, find from tables of level

cross sections that give the cubic yards in prisms J-f
11 feet long, the cubic

yards for the sum of the side heights and for twice the center height ;
add

them, and from their sum subtract the cubic yards found in Table XLI,
for the difference between the sum of the side heights and twice the cen-

ter height.

Add the cubic yards thus found for two adjacent stations, to find the

cubic yards in the prismoid 100 feet long between the stations. The
answer is the same as that given by the common method of " averaging
end areas."

EXAMPLE. Road-bed 18 feet wide. Side slopes 1 to 1. Stations 100

feet long.

Station. Left. Center. Right.

1 8.6 4.6 3.6

2 7.6 2.0 10.2

5=12.2 136 *'=17.8 222

2c = 9.2 96 2c'= 4.0 37 230

215

232 259

D= 3.0 2 D'=13.8 44 445 Answer in cubic yards.

230 215

Let the sum of the side heights at station 1 equal s 8.6 -f 3.6 =
12.2

;
twice the center height equal 2c = 4.6 + 4.6 = 9.2, and their dif-

ference equal D = 3.0. The number in Table XLIII for 12.2 is Io6, and

the number for 9.2 is 96, and 136 4- 96 = 232. In Table XLI the num-
ber for 3.0 is 2, and 232 2 = 230. Let the sum of the side heights at

station 2 equal s' = 7.6 4- 10 2 = 17.8; twice the center height equal 2c'

= 2.0-^2.0 = 4.0; and their difference equal D'= 13.8. In Table XLIII
the number for 17.8 is 222, and the number for 4.0 is 37, and 2'>2 + 37

= 259. In Table XLI the number for 13.8 is 44, and 259 44 = 215.

Adding 230 and 215, we have 445, the answer in cubic yards. To find
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the prismoidal correction, we can multiply the difference of the sums of

the side heights by the difference of the center heights, and by the ratio

of the side slope to 1, and find in Table XXXIX the cubic yards for the

product. In the example given, let s' s = 17 . 8 12 . 2 = 5.6, and c

e' = 4.6 -2.0 = 2.6, and 5. 6 x 2.6 x 1 = 14.56, and in Table XXXIX
for area 12 . 96 we have 4 cubic yards.

When, as is usual, the greater sum of the side heights is at the station

with the greater center height, the prismoidal correction is to be subtracted,

but in the example given, the greater center height is at station 1, while the

greater sum of the side heights is at station 2, so the prismoidal correction

is to be added, and we have 445 + 4 = 449, the answer in cubic yards by
the prismoidal formula. Or, in most cases, Table XXXVII can be used

as explained in Article 8. When, as is often the case, D and D 1

are small,

they can be neglected, and the operation reduced to finding from the

table the cubic yards for twice the center height and the sum of the side

heights at each of two adjacent stations, and adding them together to

find the cubic yards in the prismoid between the stations.

EXAMPLE. Road-bed 14 feet wide. Side slopes 1J to 1. Stations

100 feet long.

Station. Left. Center. Right.

1 19.4 12.4 6.4
2 6.4 4.2 1.3

24.8 374

25.8 398

8.4 79

7.6 69

920 Answer in cubic yards.

For station \, twice the center height is 24.8, the sum of the side

heights is 25.8
;
for station 2, twice the center height is 8.4, the sum of

the side heights is 7 . 6
; finding the cubic yards for each of these numbers

in Table XLII and adding them, we have 920 cubic yards for the answer.

Calling the center height at the first station c, the sum of the side

heights s, and the center height at the second station c', the sum of the

side heights s', the width of the road-bed #, and the side slope ratio r, we
can find the "

average end area
" volume by the following formula :

(sr + b) 100 (s) b 100
, (s'r + b) 100 (') b 100

C 4x27 + 8^27-
+ C 4x27 + ^^-^y

= cubic yards.

4 x 27
For a road-bed 24 feet wide, si.de slopes 1 to 1, we will find

A ^ 9Pf

(

*'7-xy in Table XLI

XLV, opposite heights s and s'.

- (tV + i)100 . , , YTT.7 -, (s) I 100 (s) b 100 .

and 4x27
m Table XLIV' and fear and 8x27

m
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EXAMPLE. Road-bed 24 feet wide. Side slopes 1 to 1. Stations 100

feet long.

7.4 69.84 152

Right.

1.2

6.4

19.2 344.00 557 709 Answer in cubic yards.
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7.4, or 5 = 7.4; the number for 7.4 in Table XLVI is 9.7, and 9.7 x

13.4 = 129.98.

Twice the center height of station 2, plus the center height of station

1 is 19.6, or 2c' 4- c = 19.6
;
the sum of the side heights at station 2 is

19.2, or s'= 19.2
;
the number for 19.2 in Table XLVI is 13.3, and 13.3

X 19.6 = 260.68. The sum of the four side heights is 26.6, or s + s' =
26.6

;
the number for 26.6 in Table XLV is 296. Adding 130 and 261

and 296, we have 687, the answer in cubic yards by the prismoidal

formula.



ARTICLE 10.

THE last page of this article represents two pages of a cross-section

book. The first page is like that of an ordinary level book with the addition

of columns 2 and 3 for the left and right distances of the slope stakes

from the center. C, L, and R, in the first column, stand for center, left,

and right ; they are not necessary, but show in what order the rod read-

ings, and therefore the cuts and fills, are taken. The first page contains

the field notes
;
on the second page the cubic yards have been computed

by the methods in Article 9. For fills the road-bed has been taken 14 feet

wide, side slopes 1J to 1, and the cubic yards have been computed by the

first rule of Article 9. For station 21, twice the center height is 5.6,

eleventh column, the sum of the side heights is 5.2, eleventh column, and

5.2 from 5.6 leaves 0.4, twelfth column. The number in Table XLII
for 5.6 is 47, thirteenth column, and the number for 5.2 is 43, thirteenth

column, and 47 + 43 = 90
;
in Table XLI the number for 0.4 is 0, four-

teenth column, and 90 = 90, fifteenth column. In the same way we
find 173, fifteenth column, for station 22, and 90 + 173 = 263, seven-

teenth column, the answer in cubic yards. From 263 we can deduct the

prismoidal correction for the difference of center heights, as shown on the

cross-section page at the end of this volume. In the prismoid between

stations 22 and 23, the cubic yards (172, fifteenth column) found for the

mid-section, are multiplied by 4 and the product added to the cubic yards
found for stations 22 and 23

; 173 + 688 + 167 = 1028, eighteenth col-

umn, and 10v>8 divided by 3 equal 343, seventeenth column the answer

by the "prismoidal formula." Twice the center height for the mid-

section is found by adding the center heights of stations 22 and 23
;

4.4 + 2.6 = 7.0, eleventh column. Half the sum of the side heights, 9.2

and 13.2, for stations 22 and 23, is 11.2, eleventh column, the sum of the

side heights for the mid-section. The cuts at stations 1 and 2 are the

same as those in the third and fourth examples of Article 9, and the com-

putations are similar, but in a more convenient book form.



Station.





ARTICLE 11.

heights are taken at the center and slope stakes, and over or

under the edges of the road-bed, calling the width of the road-bed B, the

side slope ratio r, the centei height c, the left slope stake height h, the

right slope stake height Ji\ the left edge height n, and the right edge

height n'
;
the cubic yards in a prism 100 feet long, of the given cross

section, will equal

/hr 5\100
n
\W

+
4/27"

h'r J9\100

4/27
25 x 100

4 x 27

, hr B
We will find - + -

100
,and +

100
opposite heights

and A' in the tables of side triangles, and if the road-bed is 12 feet wide,

25 x 100 24 x 100
we will imd. c . or c 3- , opposite height c in lable XL.

4 x 27 4 x 27
'

(Tables similar to Table XL can easily be computed for any width of

road-bed.) Add the cubic yards thus found for two adjacent stations and

divide by 2
;
the answer will be the same as by the method of "

averaging
end areas."

EXAMPLE. Eoad-bed, 12 feet wide. Side slopes, 1 to 1. Stations,

100 feet long.

Station.



EXCAVATIONS AND EMBANKMENTS. 21

h' = 3.6, the right edge height is 4.2, or ri = 4.2 ; in Table XXXVI the

number for height 3.6 is 17.8, and 17.8 x 4.2 = 74.76. In Table XL the

number for center height 5.4 is 120, and 327 + 75 + 120 = 522. Proceed

in the same manner for station 2, then add the results and divide by 2

for the answer in cubic yards. We can find the answer as given by the

prismoidal formula, by using Tables XXVIII and XLV as follows :

9.6 31.2 12.0 33.6 178

9.6 5.7 12.0 6.4 215

^0 Jj^ _g.5 ^^
31.2 33.6

14.2

4.2 15.6 7.2 18.6 663 Answer in cubic yards.

4.2 3.0 7.2 3.5

7.2 A0 on 4.2
46.80

'"
65.10

15.6 18.6

Twice the left edge height of station 1 plus the left edge height of sta-

tion 2 is 31.2, the number in Table XXVIII for slope stake height 12.4 is

5.7, and 31.2 x 5.7 177.84 ;
twice the left edge height of station 2 plus

the left edge height of station 1 is 33.6, the number in Table XXVIII
for slope stake height 14.8 is 6.4, and 33.6 x 6.4 = 215.04

;
twice the

right edge height of station 1 plus the right edge height of station 2 is

15.6, the number in Table XXVIII for slope stake height 3.6 is 3.0, and

15.6 x 3.0 = 46.80; twice the right edge height of station 2 plus the

right edge height of station 1 is 18.6, the number in Table XXVIII for

slope stake height 5.4 is 3.5, and 18.6 x 3.5 = 65.10; the sum of the

center heights 5.4 and 8.8 is 14 2, and the number for height 14.2 in

Table XLV is 158
;
and 178 + 215 + 47 + 65 + 158 = 663, the answer

in cubic yards. The following is an example of an irregular cross section

of more than three heights :

EXAMPLE. Road-bed 24 feet wide. Side slopes 1 to 1.

Station. Left. Center. Right.
h n ri h'

g f e d c d' e'

18.6 13.0 14.4 18.2 12.4 8.6 5.2

30.6 14.0 10.8 8.4 0.0 9.2 17.2

a F E D CHE'
In the above example the numerators, marked by small letters, are the

heights, or cuts or fills, and the denominators, marked by large letters,

are the distances from the center. Let B equal the width of road-bed, r

the side slope ratio, h and h' the heights at the slope stakes, and n and n'

the heights that come next to the slope stakes
;
then the cubic yards in a

prism 100 feet long, of the given cross section, will equal
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,. B x 100
, fhr , B\ 100

, ,fh'r . B\ 100

+ (e
- g)F + (c

"When, as in this example, B = 24, we will find (h + h') -^r- in
4: X 6ii

Table XL opposite height h + h', and ( +
)-=-,

and
(-5- + -j j-oS"

in Table XVI opposite heights ^ and h', and we will find

in Table XXXVIII opposite area (c-e)D + (d-f}E+(e-g)F+(c-e')D
r

.

Add the cubic yards thus found for two adjacent stations, and divide the

sum by 2 for the answer, which will be the same as by the "
average end

area" method.

EXAMPLE. Eoad-bed 24 feet wide. Side slopes 1 to 1. Stations 100

feet Ion

Station.

1

2

18.6

5.2
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number for 40.80 in Table XXXVIII is 87; and 529 + 737 + 274 + 87

= 1027.

Since only three heights are taken at station 2, and c = n = ri, the

formula is reduced to :

B x 100 ~/hr B\ 100 h'r B\ 100 n
cublc

hr B\ 100 fh'r B\ 100 n
+
r) -^ + U +

1) -27-J
-

for cross section of station 2.

In Table XL the number for h + h, or 9.4 + 3.2 = 12.0, is 280 ;
in

Table XVI the number for height 9.4 is 39.0, and the number for height

3.2 is 28.1, and 39.0 + 28.1 = 07.7; the product of 07.7 by center

height 0.8 is 400.30
;
and 280 + 400 = 740. Adding 740 to 1027, the

cubic yards for station 1, and dividing the sum by 2, we have 1184, the

answer in cubic yards.

UNI7BESIT7



TABLE NO. I.

LEVEL GROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS 100 FEET LONG.

Road-bed 10 feet wide. Side slopes H to 1.

I



TABLE NO. H.

SIDE TRIANGLES.

CUBIC YARDS IN CORRESPONDING PRISMS 100 FEET LONG.

Road-bed 10 feet wide. Side slopes H to 1.

!!



TABLE NO. III.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS 100 FEET LONG.

Road-bed 14 feet wide. Side slopes 1-J- to 1.

i



TABLE NO. IV.

SIDE TRIANGLES.

CUBIC YARDS IN CORRESPONDING PRISMS 100 FEET LONG.

Road-bed 14 feet wide. Side slopes H to 1.

lu-iKlit.



TABLE NO. V.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS 100 FEET LONG.

Road-bed 18 feet wide. Side slopes 1| to 1.

<J



TABLE NO. VI.

SIDE TRIANGLES.

CUBIC YARDS IN CORRESPONDING PRISMS 100 FEET LONG.

Road-bed 18 feet wide. Side slopes 1| to 1.

Center hritflit.



TABLE NO. VII.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS, 100 FEET LONG.

Road-bed, 24 feet wide. Side slopes, If to 1.

!



TABLE NO. VIII.

SIDE TRIANGLES.

CUBIC YARDS IN CORRESPONDING PRISMS 100 FEET LONG.

Road-bed 24 feet wide. Side slopes H to 1.

|i.d

c ^
.



TABLE NO. IX.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS, 100 FEET LONG.

Road-bed 26 feet wide. Side slopes 1| to 1.

B



TABLE NO. X.

SIDE TRIANGLES.

CUBIC YARDS IN CORRESPONDING PRISMS, 100 FEET LONG.

Road-bed 26 feet wide. Side slopes H to 1.

If
"_



TABLE NO. XI.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS 100 FEET LONG.

Road-bed 16 feet wide. Side slopes 1 to 1.

1



TABLE NO. XH.

SIDE TRIANGLES.

CUBIC YARDS IN CORRESPONDING PRISMS 100 FEET LONG.

Road bed 16 feet wide. Side slopes 1 to 1.

OMtar



TABLE NO. XIII.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS 100 FEET LONG.

Road-bed 20 feet wide. Side slopes 1 to 1.

!
s



TABLE NO. XIV.

SIDE TRIANGLES.

CUBIC YARDS IN CORRESPONDING PRISMS 100 FEET LONG. /

Road-bed 20 feet wide. Side slopes 1 to 1.



TABLE NO. XY.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS, 100 FEET LONG.

Road-bed, 24 feet wide. Side slopes, 1 to 1.

I



TABLE NO. XVI.

SIDE TRIANGLES.

CUBIC YARDS IN CORRESPONDING PRISMS 100 FEET LONG.

Road-bed 24 feet wide. Side slopes 1 to 1.

rontor



TABLE NO. XVII.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS, 100 FEET LONG.

Road-bed 28 feet wide. Side slopes 1 to 1.

*g
JS

1
X



TABLE NO. XVIII.'

SIDE TRIANGLES.

CUBIC YARDS IN CORRESPONDING PRISMS, 100 FEET LONG.

Road-bed 28 feet wide. Side slopes 1 to 1.

Ill



TABLE NO. XIX.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS 100 FEET LONG.

Road-bed 28 feet wide. Side slopes | to 1.

I



TABLE XO. XX.

SIDE TRIANGLES.

CUBIC YARDS IN CORRESPONDING PRISMS 100 FEET LONG.

Road-bed 28 feet wide. Side slopes | to 1.

Center height.



TABLE NO. XXI.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS 100 FEET LONG.

Road-bed 20 feet wide. Side slopes J to 1.

1



TABLE NO. XXII.

SIDE TRIANGLES.

CUBIC YARDS IX CORRESPONDING PRISMS 100 FEET LONG.

Road-bed 20 feet wide. Side slopes J to 1.

renter

i

height.

1



TABLE NO. XXIII.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS 100 FEET LONG.

Road-bed 28 feet wide. Side slopes i to 1.

n



TABLE XO. XXIV.

SIDE TRIANGLES.

CUBIC YARDS IN CORRESPONDING PRISMS 100 FEET LONG.

Road-bed 28 feet wide. Side slopes to 1.

If



TABLE NO. XXV.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS,

Road-bed, 10 feet wide.

FEET LONG.

Side slopes, 1} to 1.

Height.



TABLE NO. XXVL

SIDE TRIANGLES.

CUBIC YARDS IN CORRESPONDING PRISMS

Road-bed 10 feet wide.

FEET LONG.

Side slopes U to 1.

<,!,.,



TABLE NO. XXVII.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS,

Road-bed 12 feet wide.

FEET LONG.

Side slopes 1 to 1.

i
*
i



TABLE NO. XXVIII.

SIDE TRIANGLES.

CUBIC YARDS IN CORRESPONDING PRISMS,

Road-bed 12 feet wide.

FEET LONG.

Side slopes 1 to 1.

Centerheight



TABLE NO. XXIX.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS

Road-bed 14 feet wide.

FEET LONG.

Side slopes 1| to 1.

1



TABLE NO. XXX.

SIDE TRIANGLES.

CUBIC YARDS IN CORRESPONDING PRISMS

Road-bed 14 feet wide.

FEET LONG.

Side slopes H to 1.

Centerheight



TABLE NO. XXXI.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS,

Road-bed 16 feet wide.

FEET LONG.

Side slopes 1 to 1.

4



TABLE NO. XXXLI.

SIDE TRIANGLES.

CUBIC YARDS IX CORRESPONDING PRISMS

Road-bed 16 feet wide.

FEET LONG.

Side slopes 1 to 1.



TABLE NO. XXXIII

CUBIC YAKDS, IN FEET LENGTHS, FOR GIVEN AREAS.

Area.



TABLE NO. XXXIII. Continued.

CUBIC YARDS, IN 1

g FEET LENGTHS, FOR GITEN AREAS.

Area.



TABLE NO. XXXIII. Continued.

CUBIC YARDS, IN FEET LENGTHS, FOR GIVEN AREAS.

Area.



TABLE NO. XXXIII. Continued.

CUBIC YARDS, IN FEET LENGTHS, FOB GIVEN AREAS

Area.



Road-bed 18 feet wide.

TABLE A.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS, 100 PEET LONG.

PART FIRST.
Side slopes H to 1.

tehtN



TABLE &. Continued,.

PART SECOND.

\,

64.

8 \83.5

1

7

24

\92.5

01.5

333

02

.65.5 V66.5 67.5 68.5 .5 70.5 71.5 \72.5
64^

\73.5

74. 5\75.5

\84.

\03.5

\76.5 \77.5
104^
78.5 79.5 80.5 81.5 \82.5

\85.5

25

\94.5

86.5 87.5
201\^

\89.5 \90.5 91.5

\95 .5

27

\96.5

28

\97.5 \98.5 \99.5 \00.5

8 11.6 12.5

4 36 40

\04 .5

19. 20.5 ^21.5

28 .5

66

|29.5

68

\30

573^

\22.5

58

\06.5 \09.5

15.5

\31.5

724^
\33.5

^16.5 7.5 \H8.5

5.5 26. 5

782^^

^37

812\5

.5 38.5 \40 .5 41.5

858^ 873^

X42.5|\43.5
34 .5 \35. 36 . 5

46.5

93^
\47.5

952^
H48.5

96^
|49.5

984^
50.5

100

51.5N52.5 53 .5 44.5

90^5

06^
55.5 \56.5

,

64.5

124^
\65.5

^57.5 58.5 59.5 60.5

66 .5

127

7.5
29^
68.5 69 .5

N^5
133^ 134^

M71

X63.5\ 54.5

70.5 .5

136^1138^
n2.51\73.5

" 140

75 .5

H)3.

12

\

76.5

162

84.5

146^
X77.5 78 .5 \179 .5 8.5

X86.5 X88.5 90.5

156^ 158^
83.5

1742\7

\|91.5 J92 .5

7&200lh^97 1S L82tf\7l84

\203 .5 96.5 \98 .5

1934^

^00.5

11.5 13 .5

\ 2022V2

^04.5
206^
^06.5 ^7.

44\2
2464\^ 227^4,229^2320^5,2344^

61



TABLE B.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS, 100 FEET LONG.

Road-bed 28 feet wide. Side slopes i to 1.

Height.



TABLE NO. XXXIV.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN LENGTHS OP 100 FEET.

Road-bed 24 feet wide. Side slope H to 1.

Height.



TABLE NO. XXXV.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS 100 FEET LONG.

Road-bed 12 feet wide. Side slopes 1 to 1.

}



TABLE NO. XXXVI.

SIDE TRIANGLES.

CUBIC YARDS IN CORRESPONDING PRISMS 100 FEET LONG.

Road-bed 12 feet wide. Side slopes 1 to 1.

1



TABLE NO. XXXVII.

Cubic yards, corresponding to differences of center heights, to be deducted when the

method of averaging euol sections is used.

SIDE SLOPE, 1 TO 1.

Diff.
C. H.



TABLE NO. XXXVII. Continued.

Cubic yards, corresponding to differences of center heights, to be deducted when the

method of averaging gnu sections is used.

SIDE SLOPE, 1| TO 1.

Diff.
C. H.



TABLE NO. XXXVIII.

CUBIC YARDS, IN FEET LENGTHS, FOB GIVEN AREAS.

Area.



TABLE NO. XXXVIlI.-Continued.

CUBIC YARDS, IN ^ FEET LENGTHS, FOR GIVEN AREAS.

Area.



TABLE NO. XXXVIII.-Contmued.

CUBIC YARDS, IN FEET LENGTHS, FOR GIVEN AREAS.

Area.



TABLE NO. XXXVIII. Continued.

CUBIC YARDS, IN ^ FEET LENGTHS, FOR GIVEN AREAS.

Area.



TABLE NO. XXXIX.

CUBIC YARDS, IN \^ FEET LENGTHS, FOR GIVEN AREAS.

Area.



TABLE NO. XXXIX. Continued.

CUBIC YARDS, IN Iff- FEET LENGTHS, FOR GIVEN AREAS.

Area.



TABLE NO. XXXIX. Continued.

CUBIC YARDS, IN FEET LENGTHS, FOR GIVEN AREAS.

Area.



TABLE NO. XXXIX. Continued.

CUBIC YARDS, IN -^ FEET LENGTHS, FOR GIVEN AREAS.

Area.



TABLE NO. XL.

, , . , , 24 x 100
Cubic yards equal height -^ 5=-.

I



TABLE NO. XLI.

Cubic yards equal 100 ^ r
;

.

' 87 x 10 xl 1
Side slopes 1 to 1.

D.



TABLE NO XLII.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS,

Road-bed 14 feet wide.

FEET LONG.

Side slopes 1^ to 1.

II



TABLE NO. XLIII.

LEVEL CROSS SECTIONS.

CUBIC YARDS IN CORRESPONDING PRISMS,

Road-bed 18 feet wide.

FEET LONG.

Side slopes 1 to 1.

4J*

II



TABLE NO. XLIV.

(height x r
Cubic yards equal

&)100

4 x 27

Road-bed 24 feet wide. Side slopes 1 to 1.

i
i



TABLE NO. XLV.

Cubic yards equal
(J

Road-bed 24 feet wide.

.



TABLE NO. XLVI.

Cubic yards equal
(height x r + b) 100

12 x 27

Road-bed 24 feet wide. Side slopes 1 to 1.

1



TABLE NO. XLVII.

100
Cubic yards equal D-\ x Side slopes 1 to 1.

D.



A CROSS-SECTION BOOK is indicated and represented (as to form, size,

and arrangement) on the succeeding pages, which will be found useful and

convenient for keeping both the field-notes and office computations by

adopting the following method : In the seventh column is the elevation,

528.30, of the bench-mark; in the fourth column is the back sight, 4.62;

and in the second column their sum, or the height of instrument, 532.92.

Take the grade from the height of instrument and place the difference in

the fourth column, and from this difference take the side fore sights, that

are placed in the fifth column, to find the side cuts or fills. Taking the

grade, 529.00, at station 20, from the height of instrument, the difference

is 3.9, the left fore sight is 5.5, and 5.5 from 3.9 leaves 1.6, or fill 1.6, in

sixth column, for the left side. The right fore sight, 4.1, placed under the

left fore sight, taken from 3.9 leaves 0.2, or fill 0.2, in eighth column,
for the right side. The road-bed is taken 14 feet wide, side slopes 1-J to 1,

and the left and right side distances, 9.4 and 7.3, are placed in the sixth

and eighth columns under the left and right fills. The center fill is sup-

posed to have been previously found and copied into the cross-section book,

but there is room to place a center fore sight in the fore-sight column
;

this has been done at station 23 + 50, where 2.2 is the center fore sight.

Under the center cut or -fill, seventh column, is a space for the center

elevation, which it is sometimes convenient to have in the cross-section

book.

The field-notes are all in the first eight columns; the remaining columns

are for the computation of the earthwork quantities. Multiply the number
found in the table of side triangles for the center height by the difference

between the sum of the two side heights and twice the center height; add

this product to the number found in the table of level cross-sections for

the center height, when the sum of the two side heights is greater than

twice the center height ;
subtract when it is less. For station 20 the sum

of the side heights is 1.8, ninth column, twice the center height is 2.0,

tenth column, and 2.0 from 1.8 leaves 0.2, eleventh column. The num-

ber in Table IV for center height 1.0 is 15.7, twelfth column, and the

product of 15.7 by 0.2 is 3, thirteenth column. The number in Table

III for height 1.0 is 57, fourteenth column, and 3 from 57 leaves 54,

fifteenth column. In the same way we find 181, fifteenth column, for sta-

tion 21
;
and 54 + 181 = 235, fifteenth column, and half of 236 is 118,

seventeenth column, the answer in cubic yards by the common method of

"averaging end-sections volumes." The cubic yards in the 100 feet be-

tween 21 and 22 have been computed by the method of "
averaging end-

sections volumes" and then deducting the "
prismoidal correction

"
for the



difference of center heights (see Article 8). The difference of center

heights is 1.6, and in Table XXXVII, side slope H to 1, the number for

1.6 is 2 nineteenth column, and 2 from 263, eighteenth column, leaves

261, seventeenth column, answer in cubic yards. The cubic yards in the

100 feet between 22 and 23 are computed by the "
prismoidal formula,"

Article 4. Twice the center height, 7.0, tenth column, for the mid-section

is found by adding the center heights of stations 22 and 23
;
4.4 -f- 2.6 =

7.0, tenth column
;
the difference 4.2, eleventh column, is found by taking

half the sum of the numbers in the eleventh column for stations 22 and 23;

half the sum of 0.4 and 8.0 is 4.2.

The number for the mid-section is 345, fifteenth column, and 4 times

U5 = 1380
;
the number for station 22 is 340, the number for station 23 is

'34, and the sum of 346, 1380, and 334, eighteenth column, is 2060, nine-

teenth column, and 2060 -f- 6 = 343, seventeenth column, the answer in

cubic yards.

After the field-notes for a certain number of stations have been com-

pleted, first complete the twelfth column, and then the fourteenth column,
from the tables for that number of stations, and then proceed to compute
the quantities ;

this will be found the most rapid method. Where more
than three heights are taken at a station, some of the columns can be

ignored, and the small squares will be found useful for keeping the field-

notes of very irregular cross-sections.
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