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LAND GRADING METHODS 

General 

Land grading for drainage consists of shaping the land surface by 
cutting, filling, and smoothing to Ii continuous grade as shown in 
Figure 14-22.1. A continuous grade is necessary to assure uniform £lm", 
of runoff water over the land surface or along crop rows without ponding. 
Shaping land into a plane surface to provide uniform slopes in both a 
lateral and longitudinal direction normally is not essential but may be 
advantageous in sit~ations where: (1) grading of the site can be handled 
more efficiently; (2) economical and efficient operation of special 
planting and harvesting machinery is necessary for high value crops; 
(3) change in crop row direction is desired; and (4) surface irrigation 
is used. 

Detailed surveys, planning, and layout are necessary for land grading 
jobs. Emphasis in planning is given to filling depressions with soil 
av8.iJJ!QlILfromjmmedial" el y a dJDi.-nin~i4~----a-nd--metffid-s.~Whe"re--the-mactt"",e~
rial required for filling low places is excessive, or sufHcient soil is 
not available, random field ditches can be established and surfaces warped 
toward them. In areas with little or no land s lope, surface grades can 
be increased by grading bet,veen parallel field ditches, with the cuts made 
from the edge of one ditch and the fill placed with increasing depth toward 
the edge of the next upper ditch. Surface ridging similar to bedding can 
be es tablished also by sheWing and smoothing land surfaces and ditch spoil 
between a system of closely spaced and graded field ditches. The artifi
cal ridge is created midway be~yeen ditches. Approxinmtelyparabolic 
convex surfaces are developed by shaping from the ditch shoulders to the 
ridge. Necessary crm'i'n heights and fill are obtained by an adjustment in 
spacing"between ditches, flattening ditch side slopes, and use of ditch 
spoil. Ditch spacing and crown heights should be obtained from the state 
drainage guide. Rm", lengths w.ill vary according to soil permeability and. 
grade. Row grades on nonplastic, permeable, and erodible soils should 
seldon exceed 1/2 percent, although on plastic and slowly permeable soils, 
grades may run as steep as 2 percent. Recommended grades and row lengths 
also should be obtained from the state drainage guide. 

Land grading for drainage is an intensive practice, the cost of which 
may be reduced by separating fields or portions of fields into areas 
having about the same slope and soil characteristics. These areas then 
provide a basis for selecting a proper field arrangement, which takes 
into account: (1) planned land use; (2) length of row or distance of 
,,,,ater travel overland; (3) auxiliary drainage measures such as outlets 
and diversions; (4) access roads; (5) supplemental borrow; and (6) waste 
areas, if needed. 

To illustrate methods and procedures, a representative problem for 
the Northeast is shown in Figure 14-22.2 through Figure 14-22.6. The 
problem assumes a 13-acre hay and pasture field (ACIG) consisting of 
slowly permeable clay loam soil which generally is wet and produces only 
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14-44.2 

lovl-yielding and poor-quality hay and pasture. Drainage improvement 
requires protection from upland flooding and seepage by means of a 
diversion (CEl), a lateral (BDFH) at the break in slope, and a 
disposal channel consisting of a Vlatenvay (KL) and a main (JK). The 
sloping field section (BCIH) has a good down field grade of over 
3 percent and a cross slope grade bebveen 1 and 2 percent which will 
provide good furrow drainage 'Ivithout erosion ,vhen plowed. The flat 
section (ABHG) has several wet depressions. Grading and smoothing 
are necessary to develop a free draining surface toward the outlet. 

Surveys 

Topographic surveys must be made to provide a basis for planning 
the surface grading and auxiliary drainage system. The intensity of 
surveys may range from a few scattered shots on land surfaces having 
a pronounced slope to a precise grid-type survey on slightly sloping 
to flat surfaces (1 percent or less). Bench marks and points of known 
horizontal position need to be located and mapped so that both vertical 
and horizontal control can be reestablished on the ground. Figure 14-22.2 
illustrates a plat of essential survey data for improvement of the total 
field area (ACIG). 

In addition to topographic data, an adequate number of soil borings 
should be made to determine depth of topsoil so that depth of grading can 
be controlled, when necessary, to prevent exposing harmful amounts of 
subsoil. 

After the job has been planned, further staking of the sloping field 
area (BeIH) may not be necessary. However, grid stakes must be set for 
grading the flat field area (ABHG). Since stakes cannot be maintained 
for long in farm fields, staking and final design for surface grading 
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Figure 14-22.5 Plane method for land r-'~ing and smoothing 

59 
f'7 = 3.47 

[) < d Ul-l 
c C ;:rC 

'"' --0-
0 0 

(') C :::I 

'" -< C () C ." 
0 ;:) C to .., m 
0. "0 
(fJ m 

"' » 
() (J) 0. 
C 

0 C 
",. 

f/) 

m 
3 I m II I ;:) 

N 0 I 
-...( 

~ "'I~:-'"'[:- ?' 
l.D 

:"N -:-<.D(J'I(Jl(J'lO 
0:-" 00 -...(,J). -..j (J'I N 
(')0 0 

11 
F I, :x 

0 
-< ;--4 
0. (J'I 0 
!" ,J). VI 

(,»>Ul»:l)>Z:l)Ul 
mo.:To.(1)<cmC 
;:) -. :::-........ 0 (1) 3 0 3 
:;;;:);~~O"~o 
o_:K"_;:)tOt\);:) 
_. m 0 3 110 m ... to G') 

o.o.to m ) OUl ... 
I t\):::1 0_ 0 

1 G'), -I ..... I c 
... :l) I ;:) 

J 01 (;'1 Go 0. 

UJ 

(J'I 
VI 
I 
I 
VI 

<.D 
O'l 

0. ,;;0. 
t\) 

o ..., 

0 

0 
(Jl 

0 

0 
U1 

I C::o 
;:)m 

I 0.. 0 

VI 

,Jl. 

CO 

VI 

l.D 

0.. ::0 _. 
0;:) 
0..0 

tf) 

I 
-(J'I 
-..J<.D 

-(J'I 
,J).,J). 

-..J 

:l) 
o 
0. 

"0 
»» ::n 

-I 

"U 
CDl> ::n 

-I 

1-' 
~ 
I 

.p. 

.p. 

Q"\ 

) ) 
/ 

) 



CUTS FILLS 

SECTIO LENGTH SUM AVE. 
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frequently is done immediately prior to construction. Grid stakes set 
at IOO-foot centers in each direction should be the maximum spacing 
used. Spacings on 50-foot by 50-foot centers may be necessary to pick 
up intervening surface irregularities, provide for small equipment 
usage, or provide guidance to inexperienced earth moving operators who 
have difficulty in carrying grades between stakes set at lOO-foot 
centers. Too narrow a spacing should be avoided as a regular practice 
since 50-foot spacing, as compared to the IOO-foot spacing, requires 
four times as many stakes to be set, shot, plotted, computed; and 
checked. Because of irregularities along edges of fields, spoil, and 
the need for equipment operating room, it is advantageous to set the 
first line of grid stakes at a half-grid interval from the field edge. 

Planning Land Grading 

There are four basic methods, and many variations of these methods) 
that can be employed in planning the grading of field surfaces for 
drainage. These are the plane, profile, plan inspection, and the con
tour adjustment methods. The plane and profile methods which are the 
most likely to be used by the planner are covered herein. 

The Plane Hethod 
A true plane surface is established which can provide both a 

uniform downhill slope and a uniform cross slope. It produces the 
most desirable field surface for production of crops and systematic 
removal of surface water from nearly flat land surfaces. It permits 
a choice of row direction and cross row drainage. Rmvever, the moving 
of a larger amount of earth may be involved than if other methods are 
used. If the size of field and differences in elevation are too great, 
the field may be subdivided into several planes to reduce the required 
amount of grading. 

The centroid of the area to be graded to a plane must be found 
and the plane established through that point to an elevation equal to 
the average field elevation. When this is done, the volume of excavation 
equals the volume of fill regardless of the slope of the plane. The 
plane must be Imvered sufficiently to provide extra cut since more ex
cavation than fill is necessary to account for shrinkage in the fill 
and the plowed up or disturbed surface soil, as well as to compensate 
for construction variations from true grade. 

The follmqing is a step-by-step procedure fot' planning a.rea ABDFHG 
in Figure 14-22.2 by the plane method. Rod readings instead of ground 
elevations are used in this example. 

1. Stake the area in a lOO-foot gridpattertl, keeping outer stakes 
about one-half grid spacing from the edge of field, and so each 
stake will represent an equal portion of the total field area. 
Set lines of stakes. parallel and perpendicular to the principal 
direction of flmv or parallel and perpendicular to AG and GR. \ 
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2. Take rod readings on the ground at each stake. Draw a scaled 
map of the field showing the stake locations and the ground 
elevation at each stake, as in Figure 14-22.3. 

3. Determine whether the field should be graded as a unit or by 
segments. As a guide~ plot a profile in the vertical direction 
on the plan shm-ling the average ground rod of each horiZontal 
ro\" of stakes, and also in a horizontal direction for each 
vertical row of stakes. The profile of the horizontal rows is 
shmvu on the left-hand edge of Figure 14-22.3 and the vertical 
rows at the bottom of this figure. These profiles indicate no 
distinct breaks in grade to warrant using more than one plane 
for the whole area. 

4. Establish the approximate downhill and cross slope grades for 
the plane of best fit from the prOfiles established in the 
previous step. The selected plane of best fit bas a grade of 
.002 foot per foot parallel to field sjde GH !1nd-.O()0-1155-tt<oEl--:ff'ii;

side AG. This should approximate the most economical slope 
and is in the slope range of 0.001 to 0.005 found to provide 
good drainage for graded surfaces. In some cases, development 
of an arbitrary slope may.be necessary. Slopes less than .001 
do not drain adequately and should not be used, and slopes 
above .005 may be erosive in some continuously cultivated soils. 

5. Determine the centroid of the field. For a rectangular field, 
it is at the intersection of its diagonals, and for a triangular 
field, at the intersection of lines dra\m from the angles to 
the midpoints of the opposite sides. Irregular fields, such as 
in the example, may be divided into triangular and rectangular 
parts. The distance to the centroid from any line of refenmce 
is then equal to the sum of the products obtained by multiplying 
the area of each part times the distance from the line of refer
ence to its centroid, divided by the area of the entire field. 
By computing the distance from two lines of reference at right 
angles to each other, th~ exact point of the centroid is 
determined. 

Usually, by assuming each stake on the grid as representing 
an equal area, a sufficiently accurate determination of the 
centroid location is obtained by the method. shown in Figure 
14~22.3 and recorded on the figure along field sides AG and 
GI1. Number the stake rows horizontally and vertically from 
a common zero reference point. In the example, the reference 
point has been established outside the field boundary at the 
intersection of the lines of reference, which are parallel to 
and one stake interval away from stake lines IH and IV. Next, 
count stakes per relvl and record this number adjacent to the 
ro\-1 number. Multiply stakes per row by the row number and 
total the horizontal and vertical products separately. Next, 
divide these totals by the total number of stakes and plot 

e:-.:ll:id}-----~--
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the centroid location at the intersection of the horizontal 
and vertical distances from the common reference point. 

6. Determine the average ground elevations of the field. This 
is obtained by adding ground rods at all the grid stakes and 
dividing this sum by the number of stakes. See top of 
Figure 14-22.3. 

7. Apply an adjustment for shrinkage. When a cubic yard of 
earth, as measured in its original condition, is loosened 
by excavation, its volume increases. When replaced in a fill 
and compacted, its volume decreases below the original volume. 
This decrease is the shrinkage. Shrinkage varies with dif
ferent soil materials, but it will generally range from a 
fraction of 1 percent for well graded sands to 15 percent for 
clays. For many soils, 10 percent is adequate. Since nearly 
all soils in the 6- to 8-inch surface depth have been dis
turbed by plowing and disking, some shrinkage adjustment should 
be made at the centroid and at each stake at which grading 
occurs. Assuming 1/2 foot average depth of disturbance over 
the entire graded area, this allowance would be O.S x 10% = 
0.05 per stake as shown at the top of Figure 14-22.3. 

8. With the location and ground rod of the centroid and the 
stakes established, determine the grade rod at the stake 
nearest to the centroid, and thence, the grade rod at all 
stakes. The grade rod reading at the nearest stake will be 
the grade rod at the centroid, plus or minus the horizontal 
distance to the stake rot.;r times the horizontal row grade, 
plus or minus the vertical distance up or down the stake 
row times the vertical ro\.;r grade «3.63 - (13 x .002) 
- (23 x .001S) = 3.57). 

9. Calculate cuts 0 r fills for each stake. If the calculated 
grade rod exceeds the ground rod, a cut is indicated; if 
the calculated grade rod is less than the ground rod, a fill 
is indicated. 

10. Add total fills. Total fills should include the total shrink
age adjustment at each stake. Additional shrinkage should be 
allowed for the full depth of fill for each stake ,.,hose fill 
depth exceeds one~half foot. All fills should be placed in 
not more than one-half foot lifts. 

11. Add the total cuts. The total cuts should exceed total fills 
by an amount equal to the shrinkage and a stake variation of 
about 0.05. This is to allow for construction inaccuracies 
which occur in grading to within the usual tenth of a foot 
tolerance. above or below the marked grade on the stake. The 
variation per stake is equal to total cuts minus total fills 
divided by the number of stakes. 
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12. If the total cuts are insufficient, a readjustment of the 
centroid elevation should be made and steps 7 through 11 
repeated, as shown in Figure 14-22.4. 

13. Mark s takes with appropriate cut or £ill. 

14. Compute quantity of earth moved as equal to the grid stake 
area in square feet times the total cut in feet divided by 
27, as shown on Figure 14-22.3 or 14-22.4. 

To illustrate the procedure where~y several pianes and different 
grades can be established in £;leld ABHG, refer t.o Figure 14-22.5. 
Topography of the example does not tend itself to a ready sO,lution. 
However, arbitrarily assume field ABHG as divided into parts A .und B 
with the break line midway be.tween horhontal s take lines 2 and :3. 
Use an uphill grade of .OO!) and downhill gtade of .001 with the grade 
in the direction of the division lUte. remaining at .002.. . 

----~l-:-.-E_stablish the locations and ground rod of the centrol.ds of 
each part. 

2. Determine separately for each centroid the grade rod of a 
conunon point at the dividing line, such as midway between 
stakes 2 and 3 in vertical stake row 4. If the separately 
determined grade rods do not agree, an adjustment should be 
made to el'ltablish a match line betweenthetw'o planes. This 
may be done by increasing the centroid ground.rod fo\" the 
l;ll;gest match point reading· and decreasing the opposite 
centroid ground rod reading by one-half the difference in 
the match point rod reading. It can be done, also, by some 
adjustment of the plane grade in one or both parts of. the 
field. 

3. Establish grade rod, cuts,and fills, separately, for each 
part. 

4 .• Determine total cuts, fill$, shrinkage adjustments and stake 
variations of parts A and B combined. Since the resulting 
stake variation is smaller than would be anticipated in the 
first trial shown in Figure 14-22.5, a further adjustment of 
the centroid will be necessary before the final construction 
cuts and fills are establishe1. 

The Profile Method 
Under this method the designer works primarily with profiles of 

the grid lines rather than with ground rods or elevations on the plot
ted map. It is ~.,ell adapted to grading surfaces with an undulating 
topography, and permits independent variation of grade along and 
between profiles. Thus, substantially less earth moving may be re
quired as compared with the plane method. Grades are easily selected 
on the profile to balance" cuts and fills withiti relatively short haul 
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distances and at the same time permit development of both downhill 
and crosS slope grades. 

1. Plot the profiles in one direction of the grid lines 
beginning at the top or one side of the field and so 
locate the profiles on the paper that the profiles are 
positioned vertically in accordance with a common datum 
line at an equidistant spacing down the sheet, as shown 
in Figure 14-22.6, 

2. Establish trial grade lines either by inspection alone 
or with the aid of plotted cross slope profiles. Plots 
of adjusted grade stakes, as shown on the plat in Fig
ure 14-22.6 are helpful in making adjustments bet\veen 
profiles. 

3. From inspection of the original and proposed grade lines, 
determine cuts and fills. 

4. Compute cuts and fills, including an allowance in the fill 
quantities for shrinkage and construction tolerance. If 
a satisfactory balance of cuts and fills is not obtained, 
further adjustments in grade must be made until a balance 
is obtained. 

Construction 
Cut and fill stakes for construction purposes must be estab

lished to guide the equipment operator. Key grid lines should be 
permanently referenced so that the grid can be relaid if stakes are 
destroyed or long delays occur between staking and construction. 

Land to be graded should be cleared of trash and vegetative 
material by mowing, raking, and burning. Grass and other crop 
material should not be plowed under prior to rough grading, since 
scrapers operate more efficiently on firm ground. Crop ridges should 
be removed by disking. Soil should be relatively dry for good grading 
operation. Excessive soil compaction nmy be a problem if soil is 
worked at a high moisture content. 

Grid stakes should not be disturbed in grading operations. It 
is good practice to open lanes adjacent to stake lines and bring these 
to grade, after which intermediate areas can be worked out until small 
islands are left around each grid stake. These are left until the 
field is checked. Fills over 0.5 foot in depth should be built in 
6-inch layers or less to avoid excessive settlement. For fills in 
excess of 1/2 foot, extra fill height of at least 10 percent should 
be allowed for settlement or a settlement period allowed before final 
checking and grading takes place. When topsoil must be stockpiled for 
topping, it should be placed on an area which requires little ot' no 
cut or fill and from which it can be removed before final grading of 
the area. 

I



14-44.13 

The finished earth work should check within a permissible tol
erance of plus or minus 0,1 foot, with settlement taken into account. 
However, a reversal ot grade in the direction of drainage should not 
be permitted. Grade checks should be made with an engineer's level. 

After removal of grade stakes, highs, depressions and other 
minor irregularities should be removed by means of a land plane, 
with at least two passes in opposite directions at 45 degrees to 
the grid lines and a final pass in the directiqn of major drainage. 
This process should be continued until the gtading tolerances have 
been met. 


