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| SECTION 15
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CHAPTER 12--LAND LEVELING
General
~ Degeription. |
Land leveling or land grading for irrigation is modifying the surface

relief of a field to a planned grade to provide a more suitable surface
~ for efficiently applying irrigation water.

Normally land leveling requires moving a lot of earth over several
hundred feet. This should not be confused with land planing, land
smoothing, or land floating. They ere usually accomplished with
special equipment to eliminate minor irregularities, and they do not
change the general topography of the land surface.

- Rough grading is removing knolls, mounds, or ridges and filling pockets
or swales in a fleld that is not to have a planmned grade. Cftten no
construction stakes are set and relisnce is placed on the "eye" of the
equipment operator - to obtain the deaired field surface. Rough
grading is seldom adequate for lands to be surface Ilrrigated.

‘ fo v o ¥
Criteria for land leveling will be influenced by the soil, slope,

climate, crops to be grown, methods of irrigation, and the desires of ‘
the farmer. _ i

Land leveling should never be planned without knowing the soil-profile
conditions and the maximum cut that can be made without seriously
affecting agricultural production.  Shallow soils that require strict
limitations on permissible depth of excavation do not permit much
freedom to the designer. They pose a difficult problem whern combined
with undulating topography or steep salopes.

The climate of an area often places certain limits on slope to prevent
eroglon from rainfall or to provide adequate drainage. Also crops to
be grown need to be known since they will affect the irrigation methods
selected and will provide an idea as to the amount of leveling needed.
Intensively cultivated crops such as vegetables may Jjustify a high
leveling cost whereas a hay crop in an area with a short grouing season
may warrant a much smaller investment.
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Each method of irrigation has limitations. When several methods of
irrigation are to be used on the same field, the requirements of the
mosat restrictive must be met., The level border method is the most
restrictive of all irrigetion methods. In general, flooding methods
have the strictest cross-slope requirements,

The desires of the farmer must also ba known in selecting the design
standards for a specific job. Minimum conservation-irrigation standards
must be met. Oftentimes the farmer desires to have a still better job
that will save on labor and permit better farming practices. The
engineer should attempt to design the best job the farmer is willing %o
accept and pay for. Usually the standards of the farmers go up from
year to year, and a job that is perfectly satisfactory today may be
congldered substandard tomorrow. Many fields have been Zeveled and re-
leveled several times, each time to a higher standard. Obviously the
number of times a field is leveled should be held to a minimmm., There-
fore, 1t 13 deslirable to design as refined a job as the soil and farmer
will permit.

It is generally accepted that the most desirable fisld surface for
agricultural production 1s g plane surface on a nearly level grade, Like-
wise, the least desirable 1s one with such surface relief that irrigation
can barely be accomplished and that unusually good management is required
to obtain even falr i1rrigation water efficiencies.

Table 12-1 is a classification of gurface relief as it sffects irrigation.
In some areas Class Ay mignv ve tne only ome to consider, wheresas in

others with shallow solls and steep slopes, Class E may be the best
physically obtainable. The least pestrictive class permissible may be
established at a 8tate level based on climate and other conditions.

Class C is the lowest usually considered satisfactory for conserva-

~ tion irrigation by surface methods. When it is impossible, however,
to bring the surface to this standard, special justification should
be present before swrface methods are recommended, Usually sprinkler
methods are best for these sites,

S .
Land leveling is usually accomplished on a field by field basis. Tt is
extremely important, therefore, to study the entire farm before attempting
any leveling.

Land leveling is probably the most intensive practice that is applied to
agricultural lands, and much expense can be saved by carefully dividing
the farm into areas that have about the same slope and soil characterietics.
These areas will provide a basis for selecting the proper fleld arrangement.




Table 12-1,--Relief classes for surface irrigated land,

Irr_i.ga;iq;; _sl_ope _Lf

Cross slope

Possible irrigation
water efficiencies

Irrigation operation
labor requirement

Method limitations

Leveling requirement

Uniform but not more
than 0., 05 percent

Uniform

Mone

Uniform but not more]
fhan B, 3 percent

[Variakle but notmore
thar 0. 3 percent

Either uniform or
variable and more
than 0, 3 percent
but not more than
0,5 percent

Eigk

Very low

Mone

Length of level borders is restricted.

Nane

Length of level borders restricted:
Border widths are restricted.

Leveling desirable to
increase length or width
of level borders,

Fairly uniform -
H L.

slopes have maximum
grades not aover twice
misimum; concave
slopes have maximum
grade not over | 1f2

Unifown nx variablg

Uniform or

Modera.telv_lo-w

Border widths are very restricted,

Level borders not permissible,

Shallow furrows not permissible on coarse or
very coarse-textured soils,

Corrugations must have down-slope of at
least four times cross slope,

Leveling désirable to
reduce labor requirement,

Eu.;el_‘nﬂrjigm not oarmissible.

Border widths are very restricted.’
Level borders not permissible,

Leveling desirable to
reduce labor requirement

C variable but not Shallow furrows not permissible on coarse and improve irrigati
2 it ; o
2 times minimum. more than 0,5 Good or very coarse-textured soils. e?ﬁciefcie‘: & .
Undulating SELOPEE . percent Corrugations must have down-slope of at "
not permism_bl_e.} least four times cross slope.
Applicable only for contour ditches or to
Either uniform or Either unifarm Maderate to high cross slope or contour furrow irrigation
C3 fairly uniform as or variable and : within special limnitations of furrow depth
defined above more than G, 3 and soil texture,
percent
. Border widths are restricted. :
Variable but not A -
jol Moderate Level borders or corrugations not
i more than 0,3 P
permissible.
percent
Variablé but without Poar Border widths are very restricted;
Dy level reaches or Variable but not High Lewfl blordars or carrugations not per- Leveling required for
reverde grades more than 0.5 missible. conservation irrigation,
: : percent Shallow furrows not permissible on coarse - .
- or very coarse-textured goils.
.| Applicable only for contour ditches or
o Variable and more Very poor Very high furrows within special limitations of

-2t

than 0.5 percent

furrow depth 2nd soil texture.

I/ Maximum and minimumn downfield grades are limited by {i) requirements for drainage, {2} protection from erosion by storm runoff, and {3} the criteria for the irrigation
method to be used,




12=4,

A topographic survey is slways helpful and is usually necesgary in
plamming a farm irrigation system.  Such surveys may vary from a few
scattered shots to a precise grid-type survey. Any of the conven-
tional methods of making this survey are satisfactory, but it is
important to locate and map benchmarks and points of known horizon-
tal position in order to reestablish both verticsl and horizontal
control on the ground. ‘

Prior to leveling design, the farm irrigation system must be planned.
so that the location of field boundaries, irrigation water-supply
gystem, drains, and field roads are known. The leveling plan for

an individual field must provide for furnishing borrow to or for
abgorbing waste from these adjacent features. It must also provide
for the proper ratio between excavation and embankment.

Before leveling, the fleld should be cleared of trash and vegetative
material. In desert areas, sage and brush should be cleared, raked,
and burned. On cultivated lands, mowing and raking or burning will
usually suffice. Crop ridges should be eliminated by disking or
smoothing. The grass on sod lands should be mowed and raked, but
the vegetation should not be plowed under immediastely prior to
leveling. Any operation that leaves the surface in a loosened
condition makes it difficult to grade to an exact elevation.

Surveys

Flanhing Surveys.
A topographic survey often 13 needed to provide a basis for planning

~ the farm irrigation system. For the layout of contour benches, a
survey showing considerable detail is essential. A topographic
survey may be made by any of the conventional methods; plane table,
transit survey, fleld cross sectlon, or if construction is to be
done immediately, the grid system which will be utilized for
congtruction can be used.

‘Deslgn and Construcetion Surveys.
The proper field arrangement and the farm water distribution and

drailnage system must be plarmed before the field leveling can be
designed. An entire field should be designed and leveled as a
unit.

The area should be first cleared of vegetation and the surface

prepared for construction. A grid system is usually used to provide

both horizontal and vertical control and each grid point 1s staked.

Half or full lath are commonly used for steking. Double right—angle -

prisms are often useful in staking the grid. The stakes remain in

-~ the fleld and after the laveling job has been designed, are marked

“to serve for construction stakes. Since they cannot remasin in a R :
cultivated field for long, the staking and design is usually done

- lmmediately prior to construction.
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The usual grid spacing is 100 feet in each direction, but other
spacings as 50 x 50, 66 x 66, 50 x 100, 75 x 100, etc., are sometimes
found useful. Inexperienced easrthmoving operators often have diffi-
culty in carrying elevation 100 feet between stakes and sometimes
request a closer spacing. However, a 50 x 50 grid requires four

- times as many stakes to set, shoot, plot, compute and mark as a

100 x 100-foot~grid, and so the wider spacing should be used where
possible.

Many times ridges or swales will be found which fall between gria
corners. When this occurs, additional stakes should be set on the
highs or lows. These stakes are located in the grid with markings
as (E+72) (7400) and so are often referred to as "plus stakes".

After all points have been staked, levels are run to determine the
ground elevation of each. Normally, ground elevations are determined
to the nearest tenth foot, but may be taken to the nearest 0.05 foot
in level areas or where other conditions make additional refinement
"helpful. Bench marks are established to the nearest hundredth foot
and they also are often used as points of horizontal control. ' The
location and the elevation of the water source is determined and any
structures that might affect the dralnage system are located and the
controlling elevations determined. Any exlisting pipelines, drains,
power lines, structures, roads or other important physical features
are similarly located and tied into the grid.

Figure 12+l shows a grid survey for leveling a 40-acre field using

a 100 x 100-foot spacing. For convenience in identification, each
east-west line of stakes was lettered and each north-south line was

- numbered. There are many methods of establishing a grid system on

a field but in this case, Line 7 was first established at right angles
to the south edge of the field and point A-7 placed one-nalf grid
interval (50 feet) north of the fence line. Lines F and G were then
established at right angles to Line 7 and their points chained and
staked. Line 8 was then measured and staked parallel to Line 7.

The adjacent Lines 7 and 8 were arbitrarily selected since they are
near the center of the field.

At this stage, there were two rows of stakes in both directions
across the fleld. Since the work was carefully done, the remaining
stakes were placed by eye with sufficient accuracy. Thus, E-6 was
placed in line with F-6 and G-6 and E-7 and E-8; F~5 with F-5 and
G~5 and E=6, E~7 and E-8; etc.

. Elevations of all points were then determiﬁed and plotted as shoun :
in figure 12+1,



E
iy

P

B.M.. SPK.IN FENCE POST \E‘*MEEKER LATERAL TURNOUT

il
I3 |
rl HO\J_Z'—IO4*-7—IO5 0—-105|1—10540-10449-10418-10419-10510 1041910540

N 10445-10

: MIOL:@
/-

0-10315-10313-10444- 104 5—I04~f;‘| 04HO=10411210440-104{0--1 044010440

N

. | ]
1~10249-10343510317—10440510343-10313-103-|4-103 |3 103H4-103{4~103{5

31044
/
6103
9102
/\ S|

L 10340-1021

i —~—l— L

K 102+ 2“!02- 3‘ 1011610212 -10216-1028~-10218-1021 4“|02* 4~102-13-10243-10214-10214-102+5

bt e— |

=T i =
J IOI-T—|0l"54|01—6h|6|~6—|0l-‘-9'—*|02~*0*~10|-3-—|0”*7—|O|~7-f0|~~7“-|0|"6—|0|*6—|0|46“10]‘6' .
H IOO*Q—; S-—IOO*S-IOO*lB\—lOtLZ-IO1-3'|0|”‘4"|0|—* Z-IOI-_II"_ﬂOI—‘ 0-10140=10 14010 140~10 -0

31004 1-10042-10045-10047-1004 710014 10044 ~10 044100151 0015-100{4-100-4-
R B

G 100-

e
4-9943— 99-%7—99“3-700- 0—999°-9948~99{7—-9917-9916— 9916 —997— 9917 -
§5—985— 9941+~ 9913—9944-99-2--99+4] = 990~ 9910~ 99{0=997/==99-1 =990
D 98{3-9872-98-13—-9815-98+7—-9817-3874-98+ 4-98+3-9814—9845—9844-98+4- 984
C 9746—97- 4-9745— 971798 0"97—“9%6—97" 8—9718-971{8—9717—9748—9718—9718

Mj ""'\.______‘h— | o . |
6{8—96-16-96+T7—96-8—9711=8710<96+9-96{B—9618—-9619—96-8—9618 -96-{8—~9679

44100
8-991
598+

o]

A bsdo=0610-0610-05 89610964 1=9640=95-{8=D610-9610-96 }1-9610-661 =960

B e |

1 Y2 3 4 5 6, 7 849 10 1 12 13 14

.
C CULVERT, 24" DIA.C.M.P( \B.M,,SPK.IN FENCE POST

COUNTY ROAD
TURNOUT(N+18) (7+25) EL. 105,50 (WATER SURFACE)

B.M., (N+23)(3+32) 105.71 | JOHN-J, DOE |
B.M., (A-50) (8+68) 95.46 . S.WS.E. SEC.7 T:-8-N,R-I5-W.
CULVERT (A-68) (1+62) 94.73 Sl AUG. 26,1956

100 50 .0 100 200 300
O p——— —

SCALE

Figure 12-1,--Grid map for land leveling.
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Land-Leveling Design Methods
General. ‘ :

There are four basic methods and a great many variations of each
method of land-leveling design in common use. These bagic methods
are:

1. The plane method.

2+.. The profile method.

3+ The plan~-inspection method.

4e  The contour-adjustment method. -

Each of these has some advantages and disadvantages, but when
intelligently used, all will provide satisfactory results.

The Plane Method.

The plane method is so called because the resulting land surface hag
a uniform downfield slope and a uniform cross slope. Thus, a trus

~ plane surface results. It is a very useful method for developing
Class Ay, As, and By surface relief and is widely used.

The centroid of the area is first found, and & plane is passed
through that point at an elevation equal to the average elevation of
the field. When this is done, regardless of the slope of the plane,
the volume of excavation equals the volume of fill. Since, as will
be discussed later, more excavation than fill is necessary, the plane
18 lowered sufficiently to provide a proper balance,

The procedure for the design of land leveling by the plane method -
follows:

Subdivide the field into subareas.--The topography of many fields
is such that they camnot be economically leveled to a single plane.
Here, divide the field into parts, each of which can be developed

to a plane surface. In making these subdivisions, keep in mind that
the quality of the leveling job may be inadequate if the subareas do
not match with the proposed ditch or water-supply locations., A
study of the irrigation plan, the topographic map, and down-fielq
profiles will assist the engineer in properly locating the sub-
division boundaries.

‘Flgure 12-2 is an example of a field that has been broken into three
subareas for leveling. Here, the profiles and topographic map were
both used as a guide. Fach subarea is then considered as a separate

"~ field except that the common boundaries of the subareas are integrated

into the design of the adjacent subarea.



12-8

SUBAREA I

100

]

FIELD DITCH

PROFILE

FIELD DITCH

92

o ——

MAP OF " FIELD

Flgure 12-2,=-Field subdivision for leveling,
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Locate the centroid.-~The centrold of a rectangular field 1s located
at the intersection of its diagonsls. The centroid of a triangular
field is located at the intersection of lines drawn from its corners
to the midpoints of the opposite sides.

Irregular fields may be divided into triangles and rectangles or
into rectangles alone, and the distance to the centroid of the field
from any line of reference is equal to the sum of the products
obtained by multiplying the area of each part times the distance
from the line of reference to its centrold, divided by the area of

Flhn Awmtlma S2ATA Dew Anmmrusddms Fhae AL adcvne +a dlha cdcbemwdd Oameu

P v Wl VAT WAL WA WLLA Wl WD WD WOL LT e

The centroid can also be located with sufficlent accuraey by assuming
that each stake (ignoring "plus stakes") in the field represents the
same area. Figure 12«3 shows how the centroid can be located in this
manner. ‘

-Assuming a line of reference 100 feet south of line A, the number of
stakes in each line multiplied by the distance (in stations) from
the reference line is:

No. of
~ Line Distance stakes = Product
N 5. gtations 50 25
D A 6 ‘ 24
C 3 7 21
B 2 7 14
A 1 A SRSRRN A
Total 32 ;1

The distance of the centroid from the reference line is then found

by dividing the sum of the products by the total number of stakes
or

~9%— 2, 84 stations or 284 feet

The centrold is, therefore, 284 feet from the reference line, or &4
fest north of line B.

Another line of reference was assumed to be 100 feet west of line 1
and the location of the centroid in an sast-west direction computed
the same way. With the two dimensions, the point was located at
(B*84) and (3+75).
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If the field is nearly rectangular, such as shown on figure I2-4,
the centroid is located at the intersection of the diagonals or
at coordinate (G+00) (7+50).

Determine the average elevation of the field.-~Obtain the average
elevation of the field by adding the elevations at all the grid
corners in the field and dividing the sum by the number of points.
Thus, for figure 12-3 the total of the 32 elevations on the grid
corners is 2,827.7. The average elevation is

2827.7 = 88.37
32 |

Any plane passing through the centroid at this elevation will

" produce equal volumes of cut and fill. Similarly, in the example
on figure 12~4 the sum of the elevations of the 182 grid points
on the field is 18,271.3 so the average elevation is

18,271.3 = 100.39
182

Compute the slope of the plane of best fit.—Omit this computation
if it is obvious from the topography that the plane of best fit
will not meet leveling criteria.

With grid points at 100-foot centers, 1t can be shown that the slope
of the plane of best fit on a rectangular area is axpressed by the
following

% () - (4) ()
T

Y, (DH) - (&) (B)
= S X

Yy o B
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12=13
where D = distance in stations from the y axis.
X o ‘

Dy = distance in statlons from the x axis,

H = sum of the elevations at all grid points.
'Hk = sum of the elevations in an x direction along a grid line,
Hy = sum of the elevations in a y direction along a grid line.

Mx = slope of the plane in the x direction.
N&;=‘slope‘of the plane in the y direction.
= conastanta taken from table 122,

B = constants taken from table 12=2,

If grid goints are at other than 100-foot centers, the slopaa M and
ermined by the preceding formula must be corrected as * follows:

Spacing of grid points in X direction

Corrected M = M,
100

| Spacing of grid points in Y direction M

Corrected M& = 160 ¥

. An‘éxample‘of this calculation is shown in figure 12=4.

1. The sums of the elevations on each line were cbmpﬁted thus
on the N line,

Hy = 104,5 + 104.3 + 104.1 + 104.2 + 104.7
+ 105.0 + 105.1 + 105.0 + 104.9 *+104.8
+ 104.9 + 105,0 + 104.9 + 105,0 = 1,466.4
Similarly on the 5§ line.

H = 104.7 + 103.9 + 103.3 + 102.6 + 101.9
Y +101,2 + 100,5 + 99,8 + 99,3 + 98,7
+ 98,0 + 97.1 + 96,0 =1,307.0

2, 'The value of H was computed by adding all the values of
Hys This sum was 18,271.3, As a check, the values of H&
were added and the same total obtained.

3. The location of the x and y axes were assumed, ' In this

- problem the x axis was placed one station north of line N
- and the y axis was placed one station west of line 1.

4, Values of D, and D, were tabulated. Since the N line is
one station’ from = the x axis, the value of D_ for the N
line is 1; similarly, D_ for the M is 2; etc.

y
5. The products of (HgDy) and (HfDx) for each line were

computed and tabulated as shown.
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where
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6. The =um of the products (Hx ) were obtained; this value
is Z,(HkDy) Z:(Hny) was also computed.

7. Values of A and B were taken from table 12-2, Thug, for

the slope in the directlion of the y axis, the number of
stations along the y axis is 13, and this value was found
on the horizontal column at the top of the table. Directly

"~ below, A was found to be 7.0. Since the number of stations

© along the x axis is 14, going down the same column to a point
oppogite 14 on the left side, the value of B was found to
be 2548, Similarly, for the slope in the direction of the
x axis, A is found to be 7.5 and B equals 2957.5.

8, These figures are substituted in the equation, and
My = ~0.706 percent
M, = 0.020 percent

. Note that My is negative. That mesns that the elevation
- of the plane reaches a lower elevation as the distance from
the x axis increases. = Since is positive, the plane of
best fit rises to the right. It also should be noted that
since the units of distance (D and D) were in stations,
the result is in feet per station or Eercent slope.

Determine the elevation of the plane at the centroid.——Any plane
passing through the centroid at the average elevation as previously
determined will produce equal volumes of excavation and embankment.
However, as explained in more detail in Earthwork Balance, it is
necessary to have a larger volume of cut than fill to obtain a balance.
Attain this by lowering the whole field a few hundredths of a foot.

This will increase the amount of excavation and reduce the fill required.

The field in figure 12«4 has an average elevation of 100.39. To

" provide extra excavation the whole field is lowered 0.04 foot or to-

elevation 100.35 at the centroid.

It often. is desirable to provide for borrow from a field to construct
farm roads or elevated ditches or to waste spoil from a drain on a
field., In these instances, the elevation of the centroid may be further
raised or lowered as computed by the following formula:

H= EZY
A

H = the adjustment necessary in feet (Positive when earth is
to be brought onto the fill and negative when earth is
renoved )

V= the volume of borrow or waste in cubic Yards
A = the area of the field in square feet
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Had it been necessary to borrow 600 cubic yards from the field on
figure 12+4, the following computation would have been made:

A = Average length of field x average width of field
=1,373 x 1,275 = 1,750,575 square feet.

H=  _27.x 600 =001

1,750,575
Average elevation of fileld - - 100,39
Less shrinksage -0.04
Less borrow ‘ —=0.01
Design elevation of eentroid = 100.34

Compute the elevation for each grid point.—=With the elevation of the
centroid known and the downfleld grade and cross slope selected, compute
the elevation of each grid poirnt.

In figure 12-5 the same field shown in figure 121 and figure 124
- has been designed for leveling to the plane of best fit without either
borrow or waste. ‘

The following is known:

Location of centroid (G400) (7+50)
Flevation of centroid 100.35
Downfield slope ‘ ; ~0.706 percent

Cross slope e *0.020 percent
The elevation of point (G+00) (8+00) is then |
100.35 + 1/2 (0.02) = 100,36

and the elevation of all other grid points on line G can be computed
by adding or subtracting 0.02 for each grid point to the right or left

~ respectively.

The elevations of 1line H can then be obtained by adding‘0.706‘f66t to
the proposed elevations on line G. Similarly, all of the elevations are
determined.

Compute the cuts and fills.-~The desired cut or fill can be computed from
a comparison of the original and the proposed elevations. Although the
proposed elevations are carried to hundredths of a foot, round the cuts
or fills to the nearest tenth or half tenth.
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The calculations can be checked by determining the variation per stake.
This variation should be less than 0.005 foot since the proposed ele-
vations were rounded to the pearest hundredth foot. To do this, the
cuta and fills on the computed points are separately summed and the
difference between the two compared with the product of the shrinkage
adjustment and the number of stakes. Thus

Sum of the cutas = 20.6
Sum of the fills = Lhed
Difference 6.5

No. of stakes = 13 x 14 = 182
Shrinkage adjustment = 182 x 0.04' = 7.28

Variation per stake = 0,78/182 = 0.0043

Since the variation per stake 1s less than 0.005, it is probable that
the calculations are correct. Note that in the above example, the cuts
and fills are pot weighted for the area they represent as is done for
the determination of the earthwork balance. Then check the earthwork
balance as described in the section on Earthwork Calculation . and
meke final adjustments to obtain the correct cut/fill ratio.

The profile method 18 so called because the designer works with
profiles of the grid lines rather than with elevations as plotted on

a map. It is especially well adapted to leveling design for very flat
lands or land with undulating topography on which it is desired to
develop a surface relief of Class By, C or Cp.

There are many variations of the profile method, but essentially it
consists of a trial and error method of adjusting grades on plotted
profiles until the irrigation criteria are met and an earthwork balance
is attained. Many workers find it relatively easy to select grades

on a profile that will provide balanced cut and £111 with reasonably
short-haul distance and go the method is widely used.

Plot the profiles.--The profiles are commonly plotted in one direction
and the individual profiles so located on the paper that the datum
line for each profile 1s horizontally located in the correct position
with the datum lines of adjacent profile. Figurel2,6 1is an example
of the same fleld shown in figure 12.1 plotted in this mammer. It
should be noted that the distance between the datum lines of line A
and line B is identical with the distance between line 1 and line 2 on
the A profile.
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Figure 12-6.==The profile method of land leveling.



12-20

- Figure 12,6 was plotted with the profiles scross the slope.  Some
workers prefer to plot the profiles down the slope. Figurel2,7 is
the same field with a down-field plot. FEither method is satisfaetory.

It sometimes is helpful “to plot profiles in both directions, and it is
quite common to plot at least a few key profiles in the oppcsite
direction from the regular plot. These profiles often are drawn on
the same sheet directly over but at right angles to the principal plot.

Another variation of plotting is the "two way plot" as shown on figure
12.8. The advantage of this method is that it provides a three-
dimensional picture of the land surface, which is sometimes useful to
those who are infrequently called upon for land-leveling design. In

this method of plotting, the datum elevation is below the lowest elevation
of the fleld, and each point is plotted both above the datum and to the
right of the point of reference. A1l of the diagonals are 45 degreas.

The "two way plot" cannot conveniently be used on fields with

consliderable differences in elevation.

Establish trial gradelines.——Trial gradelines are established on each
profile based on the irrigation plan and the leveling criteria. On
 figures 12+6 and 12+7 it was decided to carry ditches to both the left

and right from the turnout and to supply a cross ditch on the G line by
carrying the water down the right side of the field. The water surface
at the turnout is El. 105.5, and the field at that point should be at
least 0.5 foot lower. Because of drainage requirements, it was further
decided that the A line should have a slight grade downward to the left.
Drainage criteria for the area should be consulted to determine the
maximm and minimum allowable grades for surface drains.

As an -example, in figure 126, trial gradelines were first placed on

the control lines, N, G, and A, and then a balance between cut and i1l

was approximated by eye by maintaining the proper ratic between the area
of cut and the area of fill.

Trial gradalines were then plotted on the other profiles., A smooth
transition in cross slope was maintained by making the rate of change of
cross slape between profiles equal. ‘

Examine the grades between profiles.—The profiles should then be
examined as to the relative elevations of one to another. Do this by
plotting the elevations of the trial gradelines in the opposite direction
to the original plot; i.e., if the original plot was cross-field, plot
the elevations from the trial gradelines down field or vice versa.
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Scaje

Figure 12-7.~The profils method of land lsweling,
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Examine this eross profile and if the grade is not uniform to a
point where 1t meets the eriteria, draw a revised line. Transfer
the elevations from this revised line back to the original profiles
and move the gradelines upward or downward as reguired.

Some workers prefer to adjust the trial gradelines by inspection
instead of plotting a cross profile. This is easily done but
remember that the total amount the trial gradelines are moved upward
must be equaled by the total amount the other lines are moved down-
ward.

This latter procedure was used on figure 12+6. The difference
in elevations between adjacent trial gradelines on line 7 was noted,

—— 77 T eyt P P TR o A2 A8 — o § I B ke

The final gradelines as shown were then drawn.

Regardless of the method, usually several trials are necessary before
a satisfactory set of gradelines are developed.

Compute the cuts and fills.——From an ingpection of the original and
proposed profiles, the cut or £ill at each grid point can be determined.

B ‘ Compute the balance between cut and £i11 using the summation method
as descrlbed in Farthwork Calculationg.  If the balance is not
| satisfactory, meke further adjustment to the profiles until the proper
balance is obtained.

The Plan-Ingpection Method.

The plan—inspection method is one of the most widely used methods for
. developing lands to other than Class A or B surface relief. It is

similar to the profile method in that it is a trial and error method.

Because of many factors which mugt be simnltaneously considered, it
requires considerable judgment 4o produce a satisfactory land surface
without excessive cost. 1t is, however, widely used by experienced
personnel in those areas where land leveling is a major practice.

It is especially adapted for use on rolling lands or on fields where
it is necessary toc use warped surfaces.

' In the plan inspection method, the survey data are plotted in the form
shown in figure 12.l. Down-field and cross—slope limitations are
~determined, and by trial and error, proposed elevations are selected
which will meet these limitations. 1In selecting elevations, the
designer mist simultaneously consider down-field slope, cross slope,
earthwork balance, and haul distance.
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Figure 12-9 is an evample of the use of this method. In developing
the design on this field, the following limitations were assumed:

1. Maximum eross slope is 0.1 foot per station and may be
variable.

2. Maximum down=field slope is 1.0 foot per station.

3. Down=field slopes may be variable, but on convex slopes.
maximum grade may not exceed twice the minimum grade; on
concave slopes maximum grades may not exceed 1.5 times the
minimm grade; undulating slopes are not permissible..

4. The ratio between cut and fill shall be 1.5 2 0.05.

Other congiderationg which affected the design were:

1. The length of run will be broken on the G line with an
- additional ditch.
2,  Because of existing strictures the supply lateral will be
on the west side.
3, Surface drainage to the road culvert 1is desired without
- reverse flow in the drain.
4. The soil will permit a maximum excavation of 1.0 foot.

In developing this plan, elevations were first tentatively selected
for the N line so that & ditech could be run in both directions from the

turnout. - The designer also examined the elevation of the water surface,

which was given on figure 12-1 as 105.5, to be sure that the selected
high point was not too high to receive service. Usually & minimum head
of 0.5 foot is required for irrigation from ditches. Therefore. the
elevation of N-7 and N=8 could not exceed 105.0. ‘

Tentative elevations were then assigned to the G line to be sure that
the ditch to be located on that line would have the proper fall.
Similarly, elevations were assigned to the A line to assure drainage.

With the N, G, and A lines serving as controls, elevations for inter-
medlate polnts were selected by inspection keeplng the design criterla
in mind. To assure an earthwork balance, a running totel of the sum of
the tenths cut and tenths fill on each line were carried on the right
side of the sheet. Lines N, G, and A, as well as intermediate points,
~were adjusted upward or downward as necessary to provide an earthwork
balance. The designer also considered the borrow that would be required

to build a permanent farm lateral on the north end of the field and the

excavatlion that would be produced by the drain on the south.

By tria: and error, adjustments were made till the plan on figure”12-9
evolved. This plan satisfies all the established criteria. The surface
relief as developed is Class ¢q.
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The Contour--Adjustment Method.

Bagically, the contour-adjustment method of land leveling consists of a
trisl and error adjustment of the contour lines on a plan map. Cuts

and fills ere then determined by a comparison of the original and proposed
contours. ‘

- The contour-adjustment method 1s a convenient method to use on flelds
where the cross slope can be made uniform across the field. It is
especially adapted to those conditions when the leveling is accomplished
over a period of time and when stakes cannot be maintained in the field.

It 1s also useful in leveling lands to be irrigated by contour methods,
in leveling between terraces, or in removing extreme ridges or swales
from steep lands which are belng irrigated by the contour-ditch method.

The contour-adjustment method demands considerable judgment on the part.
of the designer to keep earth volumeg and haul to a minimum. Like

the profile method and plan-inspection method, success in its use is
dependent upon the ability of the designer to recognize the relative
importance of all the factors involved and to select a solution which
satisfies the criteria and requires the least earthwork.

A requirement of this system is an accurate contour map of the area

to be leveled. ' This need not necessarily be made with a grid-type
survey but adequate ties and bench marks mist have been located so that
any point on the map can be located in the field through either vertical
or horizontal control.

Figure 12-10 is an example of this method of leveling. TIn this field,
the following limitations were assumed:

1. The maximum eross slope is to be 0.3 foot per station.
2. Down-field slopes ara to be "fairly uniform" as defined
- in table 12-1.
3. The soils are deep and cuts up to 2.0 feet are permissible.‘
4s The field is to be irrigated from field ditches.

‘Tn developing this plan, it was obvious that the direction of irrigation
should be from north to south. . It was also apparent that the use of the
maximum allowable cross slope would permit design with minimum earthwork
quantities.

The location of the water supply at the northeast corner of the rield
requires that fall be provided to the west for the irrigation ditch along
the north edge of the field. To provide this, the contour lines on the
upper edge of the field were run in a north westerly direction. Like-
wise since 1t was not planned to change the natural drainage outlet for

. the field, the contours were arranged along the south line to provide
drainage to the outlet.
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Trial contours were then located. It was convenient to use an over-:
lay on the original map for this purpose. In locating these trial
contours, the area between the proposed and actual contours that repre-
sented excavation was made slightly greater than the area that repre-—
sented fill. A sufficient number of contours were drawn to keep them
less than 100 feet apart. It should be noted that on the example shown

in figure 12-10 the final contours are straight lines, but on many fields,

- the finished contours may be curves.

Lines of equal cut or equal fill were then drawn through the inter-
sections of the proposed and actual contours. The volumes of earthwork
were computed by the horizontal-plane method later described in the
section on Earthwork Calculations.

As ‘expected, the first trial did not meet the established criteria nor
have the proper ratio between excavation and fill. On a new overlay
corrections wers made, moving the proposed contours to the north to
obtain additional, or to the south. to reduce, the excavation. Care

was also taker. to keep the spacing between the proposed contours uniform
or increasing in one direction only.

After seversl trisls, the plan as shown on figure 12.10 evolved. It
meets the limitations established. The surface relief as developed 1s
Class Cl'

Since this design was accomplished without the benefit of a grid surveyy
1t was necessary to utilize horizontal control to stake the field.
Measurements were made along the sides of the field, locating the position
of the proposed contours as scaled from the map. The points of deflection
of the contour lines were similarlily located by meagsuring from the field
boundaries. From these polnts, the proposed contour lines were staked
at 100-foot intervals.  Levels were then run at these points and the cut
or fi11 computed.

If the leveling is to be accomplished in progressive stages, permanent
markers can be established along field boundaries and the proposed
contour lines can be easily re-eatablished at any time.

© Some engineers prefer to use the coniour-adjusiment method even when a-
grid survey is available. Here, the procedure for obtaining the proposged
finished surface 1s identical with that described but the elevation at
each grid point is determined by interpolation between contours., The

cut and f111 at each grid point ls determined by comparison between the
original and proposed elevatlions, and earthwork volumes are computed by
any convenient method.
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When lands are stésp and the surface is to be smeothed for irri-

- gation by the contour-ditch or contour-furrow methods, the use of a

grid survey and the contour-adjustment method is convenient. Irregu-
larities in the contours can be smoothed on the map and the proposed
elevations of the grid points determined by interpolation between
contours. = The summation method of computing earthwork volumes is
commonly used since higher precision is seldom warranted.

Edrthwork Calculations

Egprthwork Volumes. _ ‘
The exact method of computing the volume of earthwork in land leveling
makes use of the prismoidal formula

| V=1/6 (A +4 &y * A2)
Whers

It

V = Volume in cuble fest.

If

- L = Perpendicular distance between end planes in feet,
A} = Area of one end plane in square fest.
Ay = Area of other end plane in square fest.

An = Area in middle section‘parallel to énd‘pianes ianquare
feat, ‘ .

The use of this formula is laborious, and approximate methods are
© commonly used.

The fourpoint method.—The four-point method is baged on the formila

. ( Heg™ -
"t T 1% e

‘Where V, = Volume of cut in cubic yards.

Volume of fill in cubic yards.

Ve
L = Grid spacing in feet.
H, = Sum of cuts on four corners of a grid square in fest.

He = Sum of fills on four cormers of a grid square in feet.
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Using the formula, the volume of cut and 111 in each grid square

can be ascertained and the totals for the field obtained. Table 12-3
provides a rapid method for determining the excavation and fill in a
100-foot grid square. Let us examine the following grid:

J S FOp e col2
H FOl2 e GO
4 5

‘The sum of the cuts are 0.4 and the sum of the fillas are 0.3 Since the

square is 100 feet to a gside, the volume of earthwork as given by
table 12-3 1is

Excavation - 21,2 cubic yards
M1l ‘ ‘ 11.9 cuble yards

The following methods have been found satisfactory for computing the
volumes in other than square grids. For grids with four corners as

Fo2 Co|3

35"

_1coi

1
ﬁwx%“‘“&mco4_jl

e |00 ———>]

Area grid = 35_+ 55 % 100 = 4,500 square feet.
> ‘

 Area in 100 x 100 grid = 10,000 square feet.
From table 12-3 for a 100 x 100 grid,
= 59,3 cubic yards and £ill = 3.7 cubic yards.
For the reduced grid

Fxeavation = 59,3 x 41500 = 26,7 cubic yards.
195000

M11 = 3,7 x _4;500

10,000 =1.7 cubic yards
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Correct use of the four-point method requires that the cut or fill be
known at the outside edges of the field. In practice, however, gtakes
are seldom placed in the fence lines and usually it is satisfactory to
assume that the cut in the fence line is identical with that of the
nearest stake. Where sbnormal conditions exist, plus stakes should be
used, For the grid (0+30-1) (H-J) on figure 12-5, the following calcu-
lation was made:

Jd__ . COICO
(ASSUMED)

|

30
H_. FO[I.LFOli ..~

(ASSUMED)
X

- Aresa in grid = 30 x 100 = 3,000 square feet.

fron table 12«3

='9,3 cubic yards.
F=29.3 cubic yards.

Corrected = _3,000 x 9.3 = 2.8 cubic yards

10,000
C=2.8
F=2.8

For a trisngular area the sum of the three corners can be taken and the
values in the table reduced to two-thirds. Thus,

221“‘
4

CO.1__.. _FO

Sum' of euts = 0.4
Sum of fills = Q.2 o

From table 12-3, C = 24.7 and F = 6,2
Fxeavation = 2/3 x 24.7 = 16,5 cubic yards
Fill = 2/3 x 6.2 = 4.1 cubic yards.
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When triangular areas not 100 feet on each side are encountered, the

volumes may be determined by further reducing the tabular values in
proportion to the product of the length of the sides ‘

Ceel CO L FOl2

T
CO.3_.I_

| ‘-rso'—-

Sum of cuts = 0.4
Sum of fills = 0.2

Fxcavation = _50 x 75 x 2/3‘2 2447 = 6.2 cubic yards
100 x 100 :
Fi1l = _50.x 75 x 2/3 x6/2 =1.5 cubic yards
- 100 x 100 ‘ ‘

The four-point method is rapid‘and gives an accuracy comparsble to
the accuracy of the original survey. ‘

The end-area method.-~The end«area méthod is based 6n the  formula

v oL (& *A)
54
Where : ‘ ‘ ‘
V = Volume of cut (or fill) in cubic yards.
L = Distance between end areas in feet.
A= Area of cut (or fi11) at one end in square feet.

: Azt Area of cut (or f£il1) at‘other end in square feet.

The total aress (end area) of cut and of fill for each line in one.
direction, (i.e., A, B, C. D, atc., or 1, 2, 3, 4, etc.) are computed
from the profile or taken directly from the plan. Thus, for the field
shown in figure 12-5. :
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CFill = Eégzggg = 4,870 cubic yards

54

¢/f = 149

avatlon
Sum o Sum
End end ~End end
Line ! L area area Product | .ares _area . | S
Sq. Ft. Sq. Ft.| OCu. Ft. | Sq. Ft.| Sq. Ft.| OCu. P,
N+25 288 | 84 |
25 576 14,400 168 4,200
N 288 84
. {100 458 45,800 ‘ 207 20,700
N 170 123
100 A1 41,100 |- 258 | 25,800
L 241 ‘ 135
100 322 32,200 352 35,200
X o&s 217
. 100 | 132 13,200 | 39 | 39,600
- J 51 ‘ ‘ 179 - ‘
oo lo0 | 136 13,600 | 370 37,000
H 85 191 _ ‘
100 223 22,300 : 231 23,100
G 138 40
100 267 26,700 ‘ 112 11,200
F 129 - ‘ e ‘
100 288 28,800 140 14,000
E 159 | 68 |
‘ 100 ‘ 427 42,700 ‘ 68 6,800
D © | 268 0
100 557 55,700 , 0 0
¢ | 289 o . ‘ 0 ‘ ‘
100 356 35,600 57 5,700
67 ‘ 57
100 67 6,700 : 27 22,700
A 0 ‘ ‘ 170 ‘ ‘
50 | 0 o 340 | 17,000
250 0 a 170
Total 378,800 263,000
Excavation = 378,800 = 7,015 cubic yerds
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The horizontal-plane method.~-~The horizontal-plane method is the end ‘
area method adapted to land areas instead of areas from cross sections.

It is especially adapted for use when the contour=adjustment method of

land leveling is utilized and on fields where there are heavy cuts and

fi11s, It is based on the formula

= HE(hy +a)
54
V = Volume of cut (or fill) between areas in cubic yards.
4= Area of cut (or fill) Oy in square feet.

A2= Area‘of cut (or fill) 02 in square feet,

H = Difference between 01 and 02 in feet.

The adeuracy of this method is best when values of H are small - i, e.,.
0.1 to 0.2 foot. H values as high as 0.5 foot are useful only for
obtaining approximate quantities.

As shown on figure 12-10, lines of equal cut and equal fill were drawn
on the map and the areas of each measured with a planimeter. Areas
are expressed in square feet. The volume of excavation and fill on
this field can then be computed as follows:

Cut or Fill Area Sum Ares Proguct - Yolume

., _H Square Feet Cu, Yards
Feeot o
o114
0.0 189,100
0.5 220,000 110,000 2,037
W5 33,000 16,500 306
1.0 ‘ 2,100 ‘ ‘
‘ S 5 ‘ 2,300 1,150 21
1.5 200 S | R | b
‘ o 200 80 2
1.9 0 ‘ :
: ‘ Total 2,366
‘ ' _ FILT
- 0.0 170,900
o5 -+ 180,400 90,200 - 1,670
.5 9,500 ‘ o : o
A 9,500 3,800 ‘ 70

L . | o ‘ ‘
ORI Total 1,740 | ‘

Ratio cut to £111 = 2,366/1,740 = 1.36
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The summation method.~~The summation method assumes that a given cut or
f111 on & stake represents an ares midway to the next stake or on a
100~-foot grid, 10,000 square feet. On this basis every foot of cut
would involve a volume of

1/27 (100 x 100 x. l O) = 370 cubic yards

This method is the least accurate of those shown. In those grid ‘squares
- where cut changes to fill, the method gives values considerably greater

than the true value. Fbr that reason, it cannot be recommended for use

except to obtaln quick estimates of earthwork balance.

In using this method, the sum of all the cuts or fills in feet is
determined and the total multiplied by 370 to obtain the yardage. If
the "tenths" of cut or fill are added, the total is midltiplied by 37.0.
Points on the edge of a field are discounted in proportion to the area
they represent. TFor example, the X line on figure 12-5 could be totaled
as followa: 3

£C = 0.2 + 0.4 + 0.3 = 0.9

2F = (0.8 x 0.1) + 0,1 + 0,8 +0,2 +0.1 + 0,1 +0,2 +
0s2 + 0,2 + 0,2 * (0.8 x 0.1) =2.26 ‘

The volumes of earthwork represented by the area 50 feet on either side
of this 1line are:

Cut = 0,90 x 370 = 33.3 cublc yards
CF11 = 2.26 x 370 = 836.2 cubic yards

In the field shown on figure 12-9 the total cuts in the field added up.
to 19.4 feet and the fills to 13.3 feet. This would give a volume of -

Cut = 19. 4 x 370 = 7,178 cubic yards
Fi11 =13.3 x 370 = 4,921 cubic yards

Comparison of methods.~~To give an idea of the relative accuracy of these
methods of computing earthwork, the field in figure 12-11 was computed
by several methods with the following results:

Method out M1l _C/F

Prismofdal  6,732.8 4,474.7 1.50
Four Point  6,737.0 = 4,477.3  1.50
End Area 7,015 4,870 144
Summation 7,256 5,051 Lo4d
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A comparison was also made for figure 12-10. To obtain cut and fill
quantities to serve as a basis for the four-point and summation methods,
grid points were established on 100-foot intervals.  The original and
proposed elevation of each grid point was assumed by interpolation
between the contour lines. The followlng results were obtained:

Method N Cout R | C/F
CFour Poimt 20200 0 o 1252 C1.61
Horizontal Plane = 2366 R 77 0 IO 21436

- Summation 2490 PR 0V ‘ 1.46

Earthwork Balance. o
In land~leveling degign it 13 essential that sufficient excavation be

provided to construct the designed fills. When there 1s just enough
excavation to do this and nelther borrow nor waste is required, the
earthwork is said to be in balance.

When a cubic yard of earth as measured in its original condition is
loosened by excavation, its volume increases. This increase is known

ag "gwell". When this seme earth is placed in a fill and compacted,

its volume decreases. The decrease as referred to the original volume

is known as "shrinkage". Different soil materlials have different proper-
ties in thig regard. Some of the reasons which have been advanced by
various engineers for the apparent high shrinkage factor required for
land leveling are:

1. The bulk of materials moved in land leveling are topn soils
- with a high organic content and relatively low original
volume weight.
2., The cut areas in the field are subjected to congiderable
. compactlon by the earth-moving equipment. Hence the yleld
from an area of cut is less than that calculated. -
3. In California Agricultural Experiment Station Cireular 438,
Mr. James C. Marr states: ", . . level ground surfaces
between grade stakes appear to dip in the middle. To the
extent that operators of the grading equipment allow this
optical illusion to ihfluence their judgment, crowning
between grade gtakes will occur".

Shrinkage of soll i3 variously expressed.  For example, if one cubic

yard of excavation of common earth will make 0.80 cubic ysrd of fill,
it may be gtated:

-8 Batio = C/F = 1.0/0.80 = 1.25

F111
~or | RIS |
Shrinkage factor = 1.0 = 0.80 = 0,25 or 25 percent
0.80

2 Cat t 111 = 2o = =
o % 1.8 to IT§ O 55 to 0.45 = 55% to 45%
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- Perhaps the most common approach in balancing sarthwork is to vary the
volumes of excavation and fill until the C/F ratio approaches a value .-
believed to be valid for. the conditions encountered. Experience 1n an
area usually furnishes the background for selecting a value which proves
satisfactory. Shrinkage factors usually vary from 10 percent for

heavy leveling on firm field surfaces to as high as 100 percent for
leveling with very shallow cuts and fills.  Generally, the factor

will be between 15 and 60 percent,

It 1s quite difficult to obtain more earth from an area which has .
baen left a few hundredths high, but it is relatively simple to spread
excess dirt and not exceed construction tolerances. - For this reason,
most equipment operators would prefer that the desigm shrinkage

factor be somewhat high. On the other hand, the use of a high factor
by the designer results in a higher computed yardage of excavation,
and if the leveling 1s done on a unit~price basis, will result in a
higher cost to the landowner. :

When the plane method of leveling is used, it is convenlent to assume
that the whole field surface will be lowered by a certain amount by
the compaction from the earth-moving equipment.  This lowering can
range from as little as 0.02 or 0,03 foot for very compact solls to
as high as 0.10 foot for very loose soils. In the example in

figure 12.5, lowering the plane 0.0/ foot provided a C/F ratio of :
about 1.5. Lowering an additional hundredth would raise the C/F ratlo
to about 1.7 and raising it a hundredth would give a C/F ratio of
sbout 1.3. With experience in an area, the amount that the plane.
peeds to be lowered can be estimated as accurately as the C/F ratio
required, and often, calculations to determine the earthwork volumes
are omitted. L

ctlo

General. : : T T :
Cut and fi11 stakes for construction purposes must be establlished to
guide the equipment operator. When a grid-tyve survey exists, mark

the eutg or fills directly on the original erid stakes. = When the con- .
tour-ad justment method of design 1s used, set stakes as described in
the description of the method and mark with the required cut or fill.
Most leveling 1s accomplished with tractor-drawn loading type scraper
equipment. Tractors used are both crawler or rubber-tired wheel type
and vary in size from small farm tractoras to the largest heavy.con-
struction units. The varlety of scrapers used is equally great since . .
they must be chosen to match the power unit. . Some of the points to
consider in deciding how to do the job are as follows: : e
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1, The time allowed to accomplish the work

Land leveling must fit womewhere into the cropping sequence, and
often the number of days that a field is open for such work is limited.
Where the period is long, small equipment may be used, but when time is
pressing, it is wise to select large earth-moving equipment that can do ™
the job in a hurry. It is important that the time to do the work is not
underestimated. ‘

2. The skill of the operatof‘

If the equipment operator has not had experience in land-leveling
work, 1% probably is advantageous to utilize small equipment. The slow
rate of construction progress allows him more time to size up his work
and make decisions. Land leveling is essentially a "finish grading"
operation, and many operators with considerable experience in rough
grading are not trainad to work to the close tolerances necessary.

3. The haul distance

When the earth is- to be moved over a considerable distance, the
time in moving becomes an important segment of the cycle time. For ‘
long hauls, rubber—tired units usually will be best. When this equipment “
is used, it must have adequate power to load the scraper or be supple-
mented with pusher equipment..

On occaslonal jobs, the use of blade graders or auto patrols will be
found useful. This is especially true for work in bench leveling where
ridges are to be thrown up.  They are sometimes used for leveling the
benches themselves but if the benches are wide enough that tractor and
scraper units can maneuver, the latter will usually be the most efficient.

Congtruction Procedure. L ‘ ‘

There are probably as many methods of approaching a land-leveling job
a8 there are equipment operators and the following procedure is suggested
as an example of how a job might be done:

A map similar to that shown in figure 12.11 is convenient for studying

the best approach. The north side of the area might be considered as a
logical starting point. To keep the haul distance to a minimum, it is
important tc construct the fills from the nearest excavation available.
Excavatlon north of the M line could first be worked out by moving the
dirt from the west edge of the cut area into the adjacent i1l area

until it was complete and then by moving the balance of the cut south into
the fill area between the K-L and 7-14 lines. As the excavation between

- the M=N lines was complete, the L-M area of cut could be opened and the
fills in the L-M lane completed. 'Work progresses to the south completing
each lane of cut before moving out. The fill areas can also be Drugressive=
1y  finished ‘toward the south side. Since the earthwork balances, the

- last of the earth from the B-C~D lanes will be required to complete the
fills in the A-B=C lanes.
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Some engineers prefer to make a detailed study of construction map
and prepare balance areas in which there is just sufficlient excavation
to make the required fill. In figure 12~11, the field has been sub-
divided into four areas in which the earthwork balances. These can

be further broken down into additional areas if one so desires., Fach
balance area is leveled as a unit insuring short-haul distances.

In performing these operations, do not disturb the grid stakes. In
‘opening a lane, many operators prefer to first cut and fill a strip
one scraper width wide adjacent to the stake line. After this is
brought to the design elevation, work begins on the intermediate area.
- With this method it is easier to carry the grade by eye laterally
across the lane. By working at a sllght diagonal, the areas betwsen
stakes can be almost completely worked out until there remains only
small "islands" around each grid stake. These are allowed to remain
until the field has besn checked, ‘

When fills more than 0.5 foot ‘are encountered, build them in layers
pot. over 6 inches in depth to avoid excessive settling. In some
areas it is common practice to provide extra fill height of approxi-~
mately 10 percent to compensate for settlement.,

When ridges are to be bullt as on the edges of contour benches, the
volume of earth for the ridge should be available within a blade

width of its finished location. Accomplish this by placing a small
overfill on the edge of the bench. This extrs £ill should be one
scraper width wide and one to three-tenths high depending upon the
cross-sectional area of the dike. The blade can then erowd it into
position. Another method is to leave & vertical bank between benches
which 1s later sloped by throwing the dirt uphill and forming the dike.

Preservation of Topsoil. | | o SR
Under some soil conditions it may be specified that the topsoil from an

area must be stockpiled, the cuts overexcavated, and the topsoil replaced.
The fill areas, too, must be stripped, the fills partly made with the
materials available, and the topsoil replaced. Since this involves

- moving some earth twice, it is an expensive procedure and should be -
carefully justified.

When this operation is essential, first stockpile the topsoil from one
lane on an area requiring little cut or fill. The cuts and fills in
this lane should then be completed and the topsoil from the adjacent
lane stripped and used for dressing the surface of the first lane.
Then progressively across the field, move the topsoil to the adjacent .
lane as the leveling is completed until the last lane is dressed with
the topaoil stockpiled from the first lane.
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~ 'The "strip cut" method of land leveling is a modification which par-

tially preserves the topsoil. This:is deseribed by M. E. Hoffman,-
United States Bureau of Reclamation of Minot, North Dzkcta.

"The top 8ix inches, or the plow depth, of 80il normally contains
most of the stubble residue, plant roots and humus materials.

- Difficulties in traction, loading and unloading operations are
frequently encountered with this type of soil. ‘

These difficulties can be partially remedied by excavating altere
nate strips at double the designed cut depths thug facilitating =
“oapacity loading over shorter reaches.

The 'strip excavated soils' consist of a mixture of topsoil and
the more compact subsoil which can be unloaded more uniformly and.
leveled more readily. ‘

Leveling of the remaining alternate strips can be partially
accomplished by routing empty scrapers over the edges of the cut
banks. The bslance of the leveling can be accomplished by
diagonal operation of either a bulldozer or scrapers with the
crowd gate in forward position."

Constzugtign Tolerange.

- Normelly earthwork operations have a permiasible tolerance af = 0,1 fcsot

Cn flat slopes, however, it is usually necessary to make an additional
restriction prohibiting reverse grades in the direction of irrigation.
Normally it is impractical to accomplish a high finish with scraper
equipment, snd where possible the use of large land floats or planes
are recommended to eliminate minor irregularities. The scraper work

' should be accomplished to the degree that two trips over with the float

equipment will produce the desired finished surface,

The final check must be made before the grid stakes ars removed., Om
slopes exceeding 1 percent, it usually is adequate to check the cuts
and fills at each stake with a hand level. On flatter slopes, use a
level and ascertaln elevations adjacent to each point. Grade between
stakes must be uniform. Mark for correction the nonpermiasible devia-
tions from the preacribed grade,

When the field has been approved, the mounds and depressions left at
the grid stakes are leveled to match the adjacent surface,
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Finisnigg
After the earth moving has been comnleted it is advisable to plane

“the gurface to remove minor irregularities. This is usually done
by planing first at a 45~degree angle to the gridlines and agein
at right angles to the first operation.

‘Although a field may be leveled perfectly, sometimes after irri-‘
gation water is applied areas will settle unequally. Whers deesp
furrow crops are grown, it may be advisable to irrigate by the furrow
method for a year following leveling and delay the planing until
after the initial settlement has taken place. Perennial crops should
not be planted until settlement has taken place and corrections made.

Maintenance. S o R
A leveled field requires maintenance to preserve its surface. Erosion
from wind or water or improper use of farm plows and tillage equipment
can seriously change its irrigating characteristics., Farm equipment
such as two-way plows and tandem digks will eliminate dead furrows

and ridges and so should be used. Smoothing with small farm floats
should be frequently done.  This practice should be regarded as a
cultural practice--not a releveling cperation.

Special. Practices

an&gur-ﬂengg Levpling.
Contour-bench leveling is a method of preparing 1and for irrigation.

The fleld is divided into a series of strips on the approximate
contour, and each strip is leveled as an independent area. Thus a
series of steps 1s formed down the slope. It provides a method

of reduclng grade on a field where excessive slope makes. irrigation
‘difficult or hazardous.

The advantages of contour—bench 1eveling are:

"1. Irrigatlon water is easily controlled on the flat slopes,
efficient irrigation methods can be used, and water-appli-
cation efficiencies can be high. o ‘

‘2. Frosion from rainfall can be controlled, This permits soil=
building processes that result in increased fertility and

-~ improved soil structure.
3. - Since large stream sizes can be used and - lengths of run can
be  comparatively long, labor in irrigsting is lowered.
4. The flat slopes permit a more efficient use of both irri-
- gation water and rainfall thereby reducing the quantity of
irrigation water needed to meet plant requirements.
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Disadvantages are:

1. Because the escarpment area between benches is too steep to
farm, some area is lost to the production of the field erops
These. areas cen be seeded to perennial crops.

2.  When the vertical drop between benches is over 18 inches,
rodent control may be necessary to prevent washouts between
benches .

3. The escarpment areas between benches present - problems in
maintensrnce and best utilization.

4. Waste irrigation water and runoff from rain accumulates high

" on the slope and must be conveyed to the lower edge of the
farm.

Bench cross sections.-«Selecting the proper c¢ross section for contour
benches is one of the most important phases of the planning. Figure
12.12 gives the shape normally used.

' Determine first dimension W, the width of the farmable area. This width
should be such that it will fit the farm equipment to be used. The
‘least flexibility in farming is normally present with row crops and the

width, W, gmould be in multiples of the width of the widest equipment
anticipated. Unless farm roads are to be established at both ends of
the benches, the width should be sufficient to allow round trips so
that at the end of a tillage operation, the equipment is in position to

- move to an adjacent bench. The engineer should consider both the present

and possible future farm equipment to be used in determining farmable
width. 3

The relationship between W, T, and H may‘bp expressed

i

T=(W+B+2n%) /14 sz ”>
("=

H = sT
where ‘

Overall berich width in feet,

Width of farmesble strip in feet.

Top wldth of dike in feet.

Height of dike in t'eet.

Vertical interval between benches in feet.
Side slope of dike.

8lope of land in feet per foot.

L O L [ I
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Ariother important consideration in selecting the bench spacing, T, is
the area of land that will be utilized for the dike and escarpment
areas. Depending upon crop and climate, this area may be nonproductive
or-of 1imited use. The relationship between the bench spacing, T, and
the ratio V/T is shown on figure 12-12 for a typical aike cross section.
Note that as the spacing, T, increases, the ratio V/T or the percent

of land removed from production becomes less. Also note that as T

" increases, the volume of excavatlon required increases. :The designer
must select a spacing, T, which is a compromise between these two
relationships.

The vertical interval between adjacent benches, H, must also be con-
gidered. On a given slope, as T or W increases, H alsc increases.

As this dimension increases more than:'l foot, problems in maintaining -
the escarpment area increase rapidly. Ifi only rare instances should
H exceed 2 feet. ‘ ‘

The height of the dike. h, should be sufficient to safely contain botk
the normal irrigation stream and storm runoff. . Compute the depth of
flows and provide a minimum freeboard of 0.2 foot above the maximum
stage. On sandy solls or for pasture areas, increase the freeboard
to 0.5 foot. : :

The side slopes, 2, should be selected with an eye to stabllity.
2 to 1 or 3 to 1 alopes are usual, but when stonee are present in
a field, the stones are often moved to the escarpment area and
support a steeper slope.

‘The top width of the dike should be sufficlent to prevent lowering of
its height by trampling or by farm machinery. : Usually the dimension B
should be about equal tc H, the drop between benches.

Bench location.—The location of the contour benches may be regarded

as a part of the bagic farm planning in which the field boundaries, irri-

gation water-supply system, drains, and field roads are located. Tor
leveling, each bench is regarded as a separate field.

Since the earthwork involved is oftentimes great, lay out the benches

to conform as closely to the original topography as farming operations.

and other considerations will permit. To make this layout, an accurate
topographic map of the area under conslderation 1s essential. It is
necegsary that this map have permanent points of refesrence for horlzontal

control located in the field since the benches will later need to be
marked out using horizontal methods.
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The need for a topographic map is lessened on flat, smooth slopes,

and sometimes the bench location can be determined by inspection. Tt
should be recognized, however, that the cost of a good topographic map
1s usually less than the cost of moving 15 cubic yards of earth per acre,
snd savings in earth volumes greatly in excess of this amount often
result from intelligent use of a good map.

First separate the ares to be developed intc key areas, each having
falrly uniform topographic features. In the field shown in figure 1213,
one key area might be considered to be the area between the 91 and 95
contours. Another 1s between the 88 and 90 contours.

Location of guidelines.—Guidelines should then be located which repre~
sent an aversge condition of each key area. This can be done by locating
- & line that represents the average shape of the contour lines and then
-computing the location of the guideline to the grade -desired by offsets
from the line representing the average of the contours.

In figure 12-13 random lines a, b, ¢, d, e, f, g, and h wWere drawn and
the distance from a reference line to each contour within a key area
wag measured.. The north fence line was arbitrarily picked to be the
reference line. These measurements scaled as follows:

Random line
Coptour a b ¢ d e by g h
95 215 180 - 100 40 13 . 10 20 63
94 270 250 180 85 53 .65 90 145
93 345 315 245 173 117 120 143 195
92 . 413 3780 320 260 205183 185 242
9L 472 450 403 345 300 265 @ 260 280

“Average 343 S 315 00250181 138 129 140 185

90 ST 425390 355 330 330
89 | 495 463 433 413 413
88 o 635 - 550" 505 . 475 475
Average o 518 468 431 406 406

The average ‘of the scaled distances as shown above represent the distance
from the reference line to the average of the contours, and these latter
lines can be plotted on the map..
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The average slope along the random lines in each.key area should then

be computed. Usually it is sufficiently accurate to determine this slope
from the bottom edge to the top edge of the key area. The average slope
is caleculated by dividing the difference in elevation by the difference

in distances from the reference line. For the field in figure 12-13

this becomes

Raridom line
Contéur : a D c d a T g h
95 215 180 100 40 13 10 20 63
9L o A72 ‘ 450 403 345 300 265 260 280

" Persent slope 1.56 1.48  1.32  1.31 0 1,39 1.57  1.67 1.8,

90 425390 355 330 330
88 | 635 550 505 - 475 475
Perscent slope ‘ ‘ 1,95 1.24 1.33 1,38 1.38

Knowing the location of the line representing the average of the contours
and the slope of the land, it is possible to determine the horizontal ad-
justment necessary to represent a guideline for any desired grade. TFor
the problem in figure 12~13 it was desired that the benches should have &
slope of 0.002. The following computations were made to determine the
necessary horizontal adjustments assuming a grade first in one direction
end. ther 1n the other. ‘

Betwesn contours 9L _and 9%

Random line a b ] d ) f g cho
Avg. slope percent 1,56 1.48 . 1,32 ~1.31 1.39 1.57  1.67 . 1.84
Station 0+00 1+20. 2+30 3430 420 5400 5+80 6495
Fall s 0 0,25 046 0,66 0.8, 1,00 1.16 1.39
. Adjustment 0 160 351 50t 60" 64 691 76!
Station 7+30 6410 4*80 - 3%70 2+80 1490 1410 0O
Fall L.46 1.22 - 0.96  0.74 0.58 0.38. C.22. - 0
Adjustment 94t 82! 731 56t 421 28t 13' 0
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Between contours 88 and 90

Random line a b c a e g h

- Slope percent 0.95  1.25 1.33 - 1.38  1.38
Station 0400 - 0490 1+80 ~ 2+60 . 3+60
Adjustment o 0 14! 27V 384 521
Station : 3480 2470 1480 1400 - 0

S Fall | L 0,76 0.54 0.36 0,20 0
Adjustment = ‘ ot o 43v  27v . 140 0Of

An example of this calculation can be shown for the guideline falling.
" to the east on the upper key area. Station 0+00 was considered to be
-at the intersection of the average to the contour line and random line:
&. By scaling, it was estimated that the stationing at the point where
the guideline would cross random line b would be 1420.  Since the grade
~ in the bench is to be 0.002, station 1+20 would be 0.24 foot below the
average to the contour line. On line b, the mverage slope 1s 1.48
percent and the necessary adjustment (or the distance from the average
to the contour line and the guideline) is

ngf;iglgg‘: 16 feet

A point was then located 16 faet south of the average to the contour
line and the stationing at that point checked against the original
estimate. Since it was very nearly station 1+20, no further refine-
ment was necessary. Similarly, points were found on random line b,
¢, d, etec. and the: guidelines plotted.

Guidelines can also be located from a grid-type survey. This can

- best be described through the use of an example, figure 12-14. The
elevations of each grid line approximately normal to the contour lines
are first added and an average elevation for each line determined.
Thus, on line 3, the sum of the elevations is

75.0 + 73.4 + 7L.8 + 0.4 = 290.6

The average elevation is.

2208 = 72,65
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A .
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ELEVATIONS 2225 2210
AVERAGE =
ELEVATION . 747 7370
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GRADE 1,95 185
STATION . ‘
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ELEVATION 7447 73.97

ADJUSTMENT o 415

2906

72.65

.53

2405
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+73

2907

72.68

.43

3+05

73.56

+62

2921

73.03

1,50
4408
©73.35

+21

Figure 12-1L,--Establishing guidelines for contour-bench
leveling from grid map.
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The average grade on each gridline is also determined.  This usually
can be done by subtracting the elevation on the lower edge of the

field from the elevation on the upper edge and dividing by the distance
(in stations) that the points are separated. For line 3, this becomes

Percent grade = 75.0 = 70.4 = 1,53 percent.
3 »

The average elevations are considered to lie on the midpoint of esch
grid line. Hence, on lines 1 and 2, the midpoint is on line C; but
for lines 3, 4, 5, and 6, the midpoint is at B+50.

Caleculations are. then made to determine the adjustment from these mid-
points. Starting at the midpoint on line 1 with an average elevation
~of 74.17 and assuming the grade of the guideline is 0.002, it is
estimated that the point on line 2 will be approximately at station
1400, and the desired elevation on line 2 is about 0.2 foot lower or
73.97. Since the average elevation of line 2 is 73.70, the desired
point lies above the midpoint a vertical distance of

73.97 = 73,70 = 0.27 foot

Since the slope is 1.85 percent, the adjustment to be made is:

0.27 X100 = 44
1.85

A point 15 feet sbove the midpoint was located, end the distance from
the midpoint on line 1 was scaled. Since it is very nearly the-
estimated 100 feet, the point is satisfactorily located. |

A similar calculation is made on line 3, then line 4, and progressively
the horizontal position of the guldeline is plotted.

Planning benches.-~With the guidelines located, the engineer can then
plan the bench location on the map as shown in figure 12-15 The:
closer the guidelines are followed, the less will be the earthwork
required but compromises need to be made to eliminate point rows and
conditions which will meke farming difficult. In plamning benches,

the following points ‘should be noted:

1. Avoid sharp bends. Normally tillage difficulties will be .
experienced if a deflection n allinement is over 45° sharper deflec
tions can usually be broken into two segments.
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Figure ]2-15 ;==Contour-bench leveling layout,



2. Normally benches ghould continue completely across the field.
When it is necessary to terminate a bench in the middle of the
arsy, remember to provide. for an increase in the width of the

- dike and escarpment area for the adjacent benches bevonA
- that point.  An example of this is shown in figure 12.16
where this dimension was increased from é feet to & feet to
take care of the increased vertical interval

3. Avoid pointed areas that are difficult to construet and
maintain.  Where one dike intersects snother, make the angle
of intersection about 90° in the manner shown on figure 12-1/.

4. The bench spacing, T, should be changed whenever the average
downfield slope at the location of the bench varies more
than (1/2) percent from the slope used to caleulate T. This
insures the width of the bench, W, will be within I+ foot

- from the intended dimension.

Staking.—The bench layout as planned on the contour or grid map must
be transferred to the field. . Usually one or two bench boundary lines
are selected as controls and these are located on the ground by hori-
zontal measurements from the points of reference for horizontal control
established when the map was made. TIf a grid survey was used for.
planning, the bench boundaries may be established by measurement from
existing grid stakes.

In figure 12-17 the lines F and J were selected. Line J was located

in the field by first locating the ends of the east and west sides of
the field. On the west, point (J) (0) was loeated 100 feet north of
the fence corner. Point (J) (6+30) was located 20 feet west and 236
feet north of the southeast fence corner. One point of intersection
was located by measuring 175 feet from point (J) (0) toward point (J)
(6+30), turning a right angle end thence measuring 20 feet to the right.

The other point of intersection was similerly located. All measurements

ware determined by scaling from the topog map.

- Similarly, line 7 was located and the ends of lines 1, 2, 3, étc., were

located along the north and south fence lines. The balance of the
stakes were set by line and measurement as shown. The distance between
the stakes on the numbered lines was calculated by the formula

Distance = bench gpacing, T
sine of angle

For example, on the 2 line, figure 12217 ,'T.,he bench width, T, was
59.0 feet and the angle was 64° 30 reet.  Therefore, the distance along
the 2 lire wasg ‘

Distance. _  59.0- = 59.0 & 65,3 feet

Sine 64° 30! 0.903
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After all stakes are set, elevation shots are taken for land-leveling

design purposes. After the cuts and.fills are computed, stakes are
marked with s fill on ¢ne side for the area above and m cut on the
other for the lower bench.

An alternste method of staking the field is shown in figure 12-18
The -eontrol lines are located as previousgly shown, and then the
farmer uses row-marking equipment to carry parallel lines in both
directions from the control lines to the adjacent bench boundaries.: -
The farmer builds a small earth-marking ridge mt each bench boundary
using a border disk, single hottom. plow, or similar equipment.

Stakes are ther set on undisturbed ground on each side of the bench
every hundred feet as measured along the centerline. For identifi-
eation purposes, each bench is lettered, snd the stakes are located
by station and marked right or left, i.e., 3400 L, or 3+00 R. XNo
stake refers to more than one bench. While this method requires
twlce as many stakes as the one previously described, it is simpler,
easier to stake, and each stake needs only one cut or £111 marking.
Difficulty may be experienced, however, in making accurate earth-
volume calculations when this method is used.

Computing cuts-and. fills.-~For purposes of leveling, each bench is
regarded as a separate field. The plane method of land-leveling
design is used with the single modification that the midpoint on
the centerline is substituted for the centroid.

Figure 12-19 is an exemple of the czlculations for one of the benches

previously shown on figure 12-17. 'The average elevetion of the bench

was computed to be 90.46. The plene was thern lowered 0.05 foot to
provide the proper ratio between cut and fill.

The plane was further lowered sufficiently to provide earth for
congtruction of the dike. This edjustment can be computed as
follows:

Crosg-sectional ares of dike = Top width ; Base width x Height

= gaﬂﬁﬁi_gaéqﬁﬁﬁi_.x‘O;Sufobt = 1.5 cquare féét‘

Assuming that it will require 50 percent more excavation to provide
111 for the dike,

Crosg-sectional area of excavation required - 1.5 x 1.5 square feet
= 2.25 square feet
Berich spacing, T, = 59.0 feet

Adjustment = Muammimd - _2___5 0.04 feet
Bench. spacing
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The design elevation at the mid
desired grade (0,002) from. that
other points were caleculated. .
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point was computed and by applying the
point, the design elevations at all
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