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1. Introduction 

In surveying and civil engineering, many problems arise 
when determining earthwork volumes in a construction site, 
like finding the best-finished leveling surface that comply 
with the design constraints and gives minimum cut and fill 
volumes using different methods.

Many researchers have tried to solve the problem using 
different techniques. Safa and Ahmad (1990) tried to solve 
the problem of land grading for the irrigation applications by 
introducing a power function of the form                      . Their 
procedure is to find the best fit surface utilizing the nonlinear 
programming with explicit and implicit constraints. The 
procedure was mathematically strong but still lacks in terms 
of i) controlling the cut to fill ratio (greater than 1, 0, or less 
than 1) using a trial and error procedure until finding the 
desired ratio and ii) restricting the model function so as to 
make the finished grading to be one of three shapes convex, 
concave or plane, while there is a need to have a surface 
combining any of the three shapes. 

In this research, the proposed model gives a final grading 
surface that besides introducing the minimum volumes and 
minimum depth excavations, complies with different 
constraints types, it offers the desired balancing ratio between 
cut and fill earth work volumes which is a very important 
factor from the economical and design point of view. Also the 
model is not restricted to a specific geometric shape (either 
convex or concave).

   For irrigation and construction applications it is desired to 
find the best fit surface that gives the amount of cut earthwork 
to be greater than fill by more than 10% as a swell factor, (i.e. 
cut volume to fill volume ratio 1.1), and that will be shown 
in the experimental test.

In this research the mathematical model used to solve the 
problem of minimum volume surface depends on 
understanding of the borrow pits volume, two dimensional 
interpolation and nonlinear constrained minimization.
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2. Earthwork Volume by Gridding (Borrow Pits)

There are many methods for obtaining  topography in 
surveying like gridding method  and controlling point 
method. The gridding method can be used not just for 
topographic representation but also for earthwork volume 
computations which is then called borrow pits method.

The topographic surface is divided into squares or rectan-
gles, the original ground surface elevations at the corners of 
these figures are usually determined by direct leveling. The 
final elevations are obtained by repeating the leveling after 
the excavation has been completed. The vertical depth at each 
corner is calculated by subtracting the final elevations from 
the original ground surface elevation.

The volume computation is dependent on the assumption that 
each grid cell is a prism, thus if a, b, c, and d represent the 
depths at the corners of a square grid cell from a given bench 
mark point, the volume is

(1)

In which A is the horizontal area of the prism as shown in 
figure (1).

The computations can be simplified by noting that some 
corner heights are common to more than one prism. The 
volume of the prisms is

Fig. (1) Volume of prism 
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