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Abstract— The work of cut and fill is the first step in any 

earthworks. So it is very necessary for any contractor to 

carry this work with full precautions and complete the work 

without any errors in the calculation. The road works or the 

drainage constructions are very important constructions as it 

shows the economy of a country. It beautifies the 

surrounding of a place. If the construction of such structures 

is done properly then it may lead to severe accidents and 

other major losses may occur. It is necessary for all the 

earthwork contractors to calculate the proper and accurate 

estimate of earthwork. If the estimate of earthwork done by 

contractor is not accurate then he will be unable to assign 

the proper construction assets he cannot formulate a project 

schedule as well. There are many unknowns and 

assumptions required in estimating the earthwork 

construction. And this is the reason that while doing this 

task the contractor is at greatest risk.  The Project of river 

interlinking need lots of information. The selection of paths 

through which two rivers should be interlinked is very 

cumbersome and time consuming. But the same process will 

take very less time if it is done with the help of GIS in the 

software Quantum-GIS. The major problem in interlinking 

of two rivers comes when the proper path is to be selected. 

Less the undulations, more will be the suitability of the path. 

But if there is some suitable path with more undulations 

then the construction work is increased. By construction we 

mean the work of cut and fill. This cut and fill must be done 

in appropriate manner so as to make the project successful. 

Quantum-GIS help in calculating the total cut and fill 

through certain formula. In this paper we will be discussing 

the analytical solution of cut and fill through Quantum-GIS. 

The same procedure can be done while doing road work or 

drainage work. The software reduces some amount of 

manual work and hence time is saved. 
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I. INTRODUCTION 

River interlinking, road work or drainage work need lots of 

construction. The major parts in earthwork  is cut and fill 

which should be done properly so that further construction 

part can be carried out easily. In Quantum-GIS the cut and 

fill of any path can be calculated easily.  

Once the path joining two rivers is created on the 

elevation map then that path can be processed to calculate 

the total cut and fill. There is certain mathematical formula 

through which cut and fill of the path is calculated at any 

point. This process done with the help of software helps in 

further process. The main advantages of these calculations 

are:  

 Manual work is reduced. 

 Time is saved. 

 Complete earthwork is calculated easily without any 

cumbersome calculations and errors. 

 Estimates of earthwork can be prepared. 

 Total cost of project can be estimated once the 

earthwork is calculated. 

 More than one path can be tested through the software. 

 Suitability of the path can be tested easily with the 

terrain graph. 

 It becomes feasible to decide a fix datum with the 

generated readings of the terrain graph. 

 The suitability of the complete project can be checked 

through software. 

II. LITERATURE REVIEW 

A. Ragab Khalil (2015):  

Volume estimation and earthworks calculation of borrow 

pits and roadway constructions are typical applications in 

civil Engineering. Although several methods for volume 

estimation were introduced, the average end area method 

still the common method used by owners and contractors. 

Average end area method is tedious and time consuming. 

Volume of terrains that do not have regular geometric 

structure can be obtained more accurately by using 3D 

models of surfaces with respect to developing technology 

such as GIS. The gridding method and point distribution are 

important factors in modeling earth surfaces used for 

volume estimation. In this study the credibility of 3D 

volume estimation based on raster GRID or Triangular 

Irregular Network (TIN) using GIS was investigated. The 

effects of interpolation method and point distribution in 

defining a terrain surface were also investigated. For this 

purpose, an artificial surface with a known volume that used 

by Chen and Lin in their paper is employed. The 3D surface 

and volume are calculated for both surfaces represented by 

TIN and GRIDs generated by using 6 different interpolation 

methods. The resultant volumes were compared to the exact 

volume and to that estimated by using average end area 

method. Moreover a comparison between cut and fill 

volumes needed for grading the study cases at a certain 

elevation was done. The results show that for gentle slope 

surface, TIN and all interpolation techniques gave results 

very close to the exact except Kriging and Trend 

interpolation. For steep slope terrain, Kriging interpolation 

gave the best results. Comparing earthwork volume to the 

average end area method, TIN surface, IDW, Topo to raster 

and Nearest Neighbor methods gave the best results.  [2] 

B. Seyed Ataollah Hosseini1 (2012):  

Forest roads are one of the important feasible ways to forest 

areas in order to utilization, afforestation, forestry planning 

and recreation. Road development in forest has some 

negative and positive effects on environment. Thus, it is 

necessary for standardize of theirs geometric and technical 

characteristics. This research carried out for investigation 

and assessment of created forest road, considering to role of 

performed edaphic operations in forest roads on making 

expenses and optimum using of site potential in Neka - 

Zalemrrod catchment's. These watersheds located in 
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between Neka and Behshahr cities in Mazandaran province 

(North of Iran) and included high diversity considering 

slope, aspect and earth structure. In this study, edaphic 

operations volume of a forest road section, viewpoint with 

and without standardized were surveyed. Also, excess 

expenses due to volume increasing of edaphic operations 

were calculated. An important result is significant 

differences between cut and fill volume and finally, total of 

expenses collection. According to the difference between 

calculated cut and fill volume in standard condition 

(10645.44 and 4153.88 m3 ) and volume of performed 

operations (12511.59 and 4284.75 m3 ) are considerable and 

followed an expenses increasing equal to 16967000 Rials, 

thus it is not acceptable economic consideration.[3] 

C. Selcuk Gumus  

In Turkey forestry studies are done on an area of 20 million 

ha in different parts of the country. Working on such a 

widely dispersed and mostly mountainous area is possible 

only if these areas have a well-built forest road network. 

Forest road construction works based on General Forest 

Road Network Plans began in Turkey in 1964 and ended in 

1974. At present, only 60% of the forest roads we need have 

been completed. 

In this study, the purpose is to calculate the volume 

of cut and fill with digital terrain models analyses derived 

from geographical information systems in order to reduce 

costs. Four forest road projects within the borders of 

Antalya Forest Regional Directorate, Sütleğen and Lengüme 

Forest Enterprise have been chosen as the research sites. 

Results for each road part have been obtained by calculating 

cut and fill difference between the volumes of cut and fill, 

and surface areas have been determined. The grades of the 

slopes in the terrains where the roads have been constructed 

have been obtained using a digital terrain model. Calculating 

cut and fill volumes, and using these calculations in the 

phase of determining various choices within the planning 

process, considerably reduces the expenses and the time 

spent on the plans and projects of forest roads. These 

calculations should be taken into consideration before the 

roads are constructed. [4] 

III. REDUCTIONS OF ERRORS IN SURVEY FOR CUT AND FILL 

The way site information is used as the basis for the 

estimate, the same way earthwork estimate is also used. 

Estimators or contractors never calculate any earthwork 

estimate without physically investigating and walking on the 

site as much as possible. They always keep a copy of 

earthwork plans with them. 

Basically there is no substitute for the old methods 

of reconnaissance survey of the site even in this age of 

global positioning system (GPS) and computer aided design 

& drafting (CADD). Once after a reconnaissance survey 

some time has passed, estimators find that the site maps and 

the surveys are wrong to some degrees. The possibility of 

such errors can either be the mistake made during survey or 

the physical alteration of site since the last survey. 

Correction of these errors is very important job for 

the estimators or contractors. For this task they go back to 

the surveyor's source, the benchmarks and ensure the 

validity of it. There is a requirement of at least one 3rd-order 

benchmark for carrying the survey on the site accurately. 

Use of local, site-specific benchmark may be accepted for 

e.g. previously surveyed manhole or any other relative 

benchmark such as corner of a building designated as 

elevation "110.00". But these benchmarks may lead to 

higher degree of error. 

As a part of reconnaissance survey it is important 

to collect some specific information about the site form the 

past records of documents: 

 unstable or karsts topography 

 What do the hydro geological boring logs from onsite 

drilling operations show? 

 use of site in the past 

 Was the site used for dumping or disposal? 

Carrying out area measurements beyond the limit 

justified by the field data, calculating volumes beyond the 

nearest cubic yard and failing to correct for curvature when 

a section on a horizontal curve has a cut on one side and fill 

on the other leads to sources of error in calculating 

earthwork volumes. Other errors that can be included in 

calculations are mathematical error, error due to using 

wrong formula for volume, mixing the quantities of cut & 

fill and when passing from cut to fill transition sections are 

not considered. Complete error elimination is not possible; it 

can only be minimized. 

If at all, the mistakes are avoided and all the 

mathematical calculations are 100% accurate, the results are 

always approximate. Survey carried out for excavation will 

never represent the complete extent of excavation area and 

interpolation is used to establish the contours of a survey. 

The difference in volume between in-bank soil, fill 

soil that has been compacted and loose soil that has been 

excavated must be known to estimator or contractor when 

determining the acceptable accuracy. 20-30% shrinkage 

factor must be taken for adjustment of fill as it is placed and 

compacted. Accuracy should be the first priority of any 

estimator as it determines the profit or loss on a project. [1]  

IV. MATHEMATICAL APPROACH FOR CALCULATING CUT 

AND FILL 

A. Depth Area Method (DAM) 

This is the simplest method for calculating the earthwork 

volume. In this method, the thickness of strata to be 

excavated is multiplied by the surface area of the strata. This 

can be done with any reasonable accuracy but the stratum 

has to be consistently thick and area extent must be known. 

It is suitable for estimating the amount of top soil to be 

stripped at a consistent depth (usually 15 cm).  

Formula: V=T*A*(1/27) 

Where,  

V= volume (cubic yards) 

A= surface slope area (square feet) 

T= thickness of strata or even cut (feet) 

B. Grid Method (GM) 

This method is also known as Borrow Pit Method. This is 

the extended form of Depth Area Method (DAM) i.e. it 

extends DAM to an excavation of varying depths. Borrow 

pit leveling calculates the excavation volume by applying a 

grid to the excavation area. These grids are staked to 

squares. For each grid square, final elevations are 

established for each corner of every grid square. These are 
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subtracted from the existing elevations at the same location 

to determine the depth of cut or height of fill at each corner. 

Formula: V= ((D1+D2+D3+D4)/4)*A*(1/27) 

Where, 

V= volume (cubic yards) 

A= area of grid square (square feet) 

D= depth of cut or fill at each corner (feet) 

C. End Area Method (EAM) 

It utilizes the area of parallel cross sections at regular 

intervals through the proposed earthwork volume. They are 

aligned perpendicular to a baseline that extends the entire 

length of the excavation area. These cross sections can be 

generated by CADD or drawn by hand. 

Formula: V= L*((A1 + A2)/2)*(1/27) 

Where, 

V = volume (cubic yards) 

A = area of adjacent cross section (square feet) 

L = distance between cross section along the baseline (feet) 

D. Prismoidal Formula (PF) 

This formula has more accuracy than End Area Method 

(EAM). When ground is not uniform or irregular between 

cross sections then this formula is used. This method adds a 

midway area between two cross sections and this area is not 

the average between two end areas. 

Formula: V = L*((A1 + (4*Am) + A2)/6) * (1/27) 

Where, 

V = volume (cubic yards) 

A1, A2 = area of adjacent cross sections (square feet) 

Am = area of midway cross section (square feet) 

L = distance between cross section along the baseline (feet). 

V. QGIS SOFTWARE APPROACH FOR CALCULATING CUT 

AND FILL 

A. STEP 1:  Upload the layers in which path was created.  

 
The generated graph shows the elevation of point on the 

created path. This graph helps in deciding the datum for cut 

and fill. The datum should be selected in such a way that the 

project becomes economical, sustainable and safe. 

B. STEP 2: Vector →Geo-processing tool → Buffers     

 
Geo processing tools solve the spatial problems. They are 

essential for spatial analysis and have other uses too. Spatial 

analysis includes activities like determining how places are 

related, comparing places, determining patterns, finding best 

locations and paths and making predictions. The geo-

processing tools works on an input dataset to produce a new 

output dataset. Some tools modify the attributes or geometry 

of an input dataset and few tools have other effects such as 

creating selections on layers or generating messages or 

reports. 

 
Buffers are proximity functions. When this geo 

processing tool is used it creates a polygon at a set distance 

surrounding the features. Buffers can have fixed or variable 

distance. The can be even set to geodesic which accounts for 

the curvature of the earth.  

 Enter the buffer value 30. 

 Input vector layer- path  

 Save the output file. Click ok 

 The output file will be added on the left side 

C. Step 3: Raster →extraction→ clipper 
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The clip tool is an overlay function that cuts out an input 

layer with the extent of a defined feature boundary. The 

result of this tool is a new clipped output layer. Carving out 

vectors and raster is one of the most common operations in 

GIS. In order to clip data, points, lines and polygons are 

required as input and a polygon as a clipping extent. The 

preserved data is the result of the clip. 

A pop up box comes.  

 
 Give input file name as selected DEM. 

 Save output file. 

 And add the mask layer and click ok. 

 The clipper layer will be added. 

The mask layer can be used with any raster layer to 

create a hidden or masked area within the dataset. The mask 

operation adds the clip function to the raster layer. 

D. Step 4: Go to Raster Calculator. 

 
The raster calculator in raster menu allows us to perform 

calculations on the basis of existing raster pixel values. The 

results are written to a new raster layer with a GDAL-

supported format. 

 Enter the name for output file. 

 Enter the expression.  

 And click ok. 

 Cut and fill layer will be added.     

 
We have used the formula: 

(("path1@1"-1000000)>0)*(path1@1"-1000000) 

Where, 

Path1 is the selected path for which cut and fill has to be 

calculated. 

1000000 is the decided datum through which the 

total volume for cut and fill is calculated. 

This datum can vary user to user. 

Once this formula is used to calculate the cut and 

fill, we get the required path with cut and fill which is 

shown in the next figure. 

 
Copy the coordinates into excel.   

E. Step 5: open cut and fill layer in profile. 

 
In the above figure there is a table that has values for cut and 

fills as calculated by the raster calculator. This table is 

copied in excel and the file is saved with different extension. 

F. Step 6: 

 Copy the table to clipboard with coordinate.  

 Paste it into excel sheet. 
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G. Step 7: Save file in CSV. 

To import the above table in QGIS it has to be saved as a 

text file and at least two columns are needed which contains 

the X and Y coordinate. The same table can be saved in 

excel sheet. The extension used to save the spreadsheet is 

csv(comma separated values). This sheet can be saved as 

delimited file as well. Once this file is saved it can be 

imported in QGIS.  

 
Step 8: Add this csv layer in Qgis as delimited text layer. 

 
Csv file is added as point layer.    

VI. RESULTS 

From the above procedures followed in software approach 

and formulas used in mathematical approach, it is crystal 

clear that calculating the volume of cut and fill in 

earthworks is a time taking and long procedural task. From 

the software approach it is inferred that by sitting at one 

place one can plan the construction of any canal, road works 

or river interlinking. The software approach makes it easy 

for the engineer to estimate the amount of work that has to 

be carried in constructing any canal, road or river 

interlinking path. The software approach leads to easy 

problem solving methods. Selection of proper datum for the 

process of cut and fill is very important step in software 

approach. . Here we have decided some datum and got the 

values of cut and fill at different points on the selected path. 

These values can be used for further process of estimation. 

The graph generated after the creation of path on 

the elevation map of the study area helps in deciding the 

datum. Datum value can vary from person to person. But 

datum selection should be such that minimum cut and fill is 

required. In this way the project becomes economical  

VII. DISCUSSION 

From the above discussed software approach it becomes 

easy for any user to calculate the cut and fill of any 

respective path. But this calculation through software is 

never 100% accurate. As mentioned earlier that any 

estimator has to visit the site for proper estimation of 

earthwork volume. Due to continuous change in physical 

strata no software can achieve 100% accuracy in calculating 

the volume of cut and fill. Software approach although saves 

time and the mathematical calculations are accurate but the 

process of visiting the site is not eliminated completely. This 

QGIS software has accurate calculations but the on-site 

calculations are very necessary so that any earthwork that 

has to be constructed is safe and sound. Once the calculated 

values match the on-site calculations, the work can be 

proceeded. Hence for the construction of any earthwork, 

estimator or contractor must cross-check the values obtained 

through manual calculation and software calculations.  
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