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ABSTRACT 

This research was carried out to investigate the potential of 3D laser scanning technology in the 

auditing of continuous solid materials found on construction sites in Uganda. The study was carried 

out on six construction sites in Kampala and aimed at automating the process of quantifying 

continuous materials (coarse and fine aggregate) since the existing methods used on construction 

sites are highly speculative and hence, inaccurate. Automating the auditing of these materials 

provides construction practitioners with the much needed accuracy that would facilitate more 

precise materials management especially in terms of planning for materials procurement. A review 

of literature was made about materials management in practice as well as the meaning of 3D Laser 

scanning, its history and applications in various industries among other things. A Faro 3D laser 

scanner was then used to scan the stockpiles of materials and subsequently, volumes were obtained 

using software like Autodesk Recap Pro and Civil 3D Metric. Empirical measurements were also 

carried out to test the accuracy of the equipment. Results were obtained, analysed and conclusions 

were made as regards the applicability of this technology in quantifying continuous solid materials. 
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CHAPTER ONE – INTRODUCTION 

1.1 Background 

Laser scanning was introduced in the early 1960s but only developed in the 1990s due to the lack 

of supporting technologies before then (Shan & Toth, 2018). However, 3D laser scanning was 

introduced towards the end of the 20th century to accurately represent surfaces of various objects 

and the first 3D laser scanners made use of lights, cameras and projectors to perform tasks 

(Ebrahim, 2011). In 1985, these scanners were replaced with those that could use white light, lasers 

and shadowing in order to capture surfaces and later, computers made it possible to capture very 

complex surfaces (Ebrahim, 2011). In the construction industry, some of the applications of 3D 

laser scanning technology include reality capture of as-built conditions of buildings, quality 

assessment and 3D visualisation of structures among others (Almukhtar et al., 2021). It has also 

been adopted in the mining industry for measurement of stockpiles of coal and ore to carry out 

evaluation of inventory which significantly facilitates cost control (Prakash et al., 2019).  

Construction materials are a major cost component on construction projects making up about 50% 

of the total project cost and hence require close monitoring and control through materials 

management (Alabi & Fapohunda, 2021).  Various ICT solutions have been employed in materials 

management including barcoding, RFID technology and wireless systems so as to combat 

problems associated with human error (Kasim et al., 2013). These technological advancements in 

the construction industry worldwide have facilitated the creation of new and superior management 

practices within the industry (Almukhtar et al., 2021). Thus, there is a need for technologies like 

laser scanning to be applied in management of materials on construction sites. 

Coarse and fine aggregates (continuous materials) make up about 60 to 80% of the total volume 

of concrete which is a widely used material on construction sites in Uganda (Waako & Yiga, 2019). 

These materials are also utilized in a number of construction operations in addition to concrete 

works. The construction sector index for September 2020 indicated that one had to pay 36% higher 

for aggregates in September 2020 than in September 2019 (UBOS, 2020). Therefore, it is 

important to create effective mechanisms of controlling the flow of these materials on construction 

sites so as to ensure project success (Song et al., 2007). One of the best practices for achieving 

effective materials management is through materials auditing. Auditing of stockpiled materials 
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like fine and coarse aggregate on construction sites in Uganda is often achieved through traditional 

intuitive methods like eye balling which are mostly inaccurate. Consequently, this study focused 

on automation of this auditing process through the application of laser scanning technology.     

1.2 Problem Statement 

Materials Management is an important aspect of construction project management that involves 

planning, identification, procurement, storage, and distribution of materials on site with the 

purpose of ensuring that the required materials are available on site when they are needed and in 

the required quantities and quality standards. Materials used and stored at a construction site might 

either be continuous or discrete in nature. Coarse and fine aggregate, which are continuous 

materials take up a significant proportion of the total volume of a concrete mix and therefore, for 

a concrete structure, it is important to have a reliable supply of these materials as construction 

works proceed. However, there is a lack of automation in the process of determining the volumes 

of these materials in the stockpiles located at sites in Uganda. The current manual practices used 

for this purpose involve the use of the gut feeling and ‘experience’ to estimate the volumes or 

quantities of the materials available at site. This leads to high levels of inaccuracies in the estimates 

made and therefore, discrepancies in material management leading to delays and cost escalations.   

Laser scanning technology presented an opportunity to automate the measurement process by 

enabling the production of point cloud images of the stockpiles and later calculating the quantities 

of materials contained in each stockpile at site. This provided an accurate and precise option for 

stockpile measurement as compared to the manual methods. The accurate measurement of these 

stockpiles is crucial for procurement purposes and material usage tracking.  

1.3 Study Objectives 

1.3.1 Main Objective 

The main objective of this study is to investigate the potential of laser scanning technology in 

auditing continuous solid materials on construction sites. 

1.3.2 Specific Objectives 

1. To identify the construction sites suitable to be used for the research study. 
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2. To obtain point cloud images of stockpiles of coarse and fine aggregate on construction 

sites through the laser scanning process. 

3. To carry out extraction of data from the laser scanning equipment in order to determine the 

quantities of continuous materials on building construction sites. 

4. To determine the accuracy of the laser scanning technology in quantifying continuous solid 

materials on construction sites. 

1.4 Justification of Study 

Building construction sites in and around Kampala use fine and coarse aggregates in most of their 

operations as these materials are a major component of concrete which is widely used for 

construction in Uganda.  They are also used in a number of other construction operations. 

Therefore, these continuous materials are always needed on construction sites. However, there is 

a lack of automation in the methods used for auditing these materials on sites. The auditing 

methods currently used are mostly intuitive and this leads to discrepancies in materials 

management especially when it comes to procurement of these materials. This study aimed at 

recommending laser scanning technology as a more accurate and precise option for auditing 

continuous solid materials on construction sites. 

1.5       Significance of Study 

The 3D laser scanning technology adopted for this research provides construction practitioners 

with the much needed automation in quantifying continuous solid materials like coarse and fine 

aggregate and hence more accurate and reliable quantities that can be used to guide procurement 

and prevent cost overruns. This is because laser scanning technology, if used right provides 

accurate quantities of these stockpiles as they are located or positioned on construction sites. 

1.6 Scope of Study 

1.6.1 Academic Scope 

During the course of this study, the researcher used a terrestrial Faro 3D laser scanner to scan the 

stockpiles of coarse and fine aggregate found at the sampled construction sites resulting in the 

creation of point cloud images of said stockpiles. These images then underwent processing using 

various software like Autodesk Recap and Civil 3D Metric so as to carry out volumetric 
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computations on the images to obtain the quantities. Empirical volumetric computations were also 

undertaken as a means of comparison with the volumes obtained through 3D laser scanning. 

1.6.2 Time Scope 

This research was carried out for a period of five months from September 2021 to January 2022. 

1.6.3 Geographical Scope 

The study was carried out on building construction sites located in central Uganda, i.e. in Kampala 

District, Kawempe Division.   

 

 
Figure 1: Map of Uganda. Source: World Atlas (2021) 

 

 
Figure 2: Map of Kampala and Wakiso Districts. Source: KCCA (2019) 
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CHAPTER TWO – LITERATURE REVIEW 

2.1 Materials Management 

Patel & Vyas (2011) define material management as a process that coordinates planning, assessing 

the requirement, sourcing, purchasing, transporting, storing and controlling of materials as well as 

minimizing wastage and optimizing profitability by reducing costs of materials. Caldas et al. ( 

2015) also defined materials management as “an integrated process that consists of the people, 

organisations, technology, and procedures used to effectively identify, quantify, acquire, expedite, 

inspect, transport, receive, store, and preserve the materials, equipment, and associated information 

across the life cycle of a project".  Construction materials are bulky, expensive and are supplied in 

large amounts to construction sites. Therefore, there is a need for an excellent management system 

for handling materials to ensure that the right materials are in the right place and in the right 

quantities when needed. 

Mishra et al. (2018) studied various new project management methods used as opposed to the 

traditional methods of project management that focus on creating a schedule beforehand for large 

complex projects and hence offering no flexibility in controlling the progress of a construction 

project. Traditional methods involve last minute improvisation which increases the cases of 

material shortages on construction sites. Materials are ordered either later than or way before they 

are needed and neither of those instances are ideal for construction. The current, improved methods 

that were studied are interactive and not based on predefined and outdated schedules that are 

obsolete. The Last planner system is one of the new methods that were recognised and reviewed 

by their research. 

2.1.1 Materials Planning 

Material planning and inventory control are two of the most important aspects of material 

management. Materials planning deals with determining the requirements of raw materials, 

components, spares and other items that go into meeting production needs within the economic 

investment policies (Rathinakumar et al., 2018). The materials planning process is influenced by 

a number of factors including; the national economy, price trends, credit policies, direct and 

indirect taxes, demand, supply, storage capacity, total lead time, location of suppliers and many 
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others. Under and over ordering are some of the problems associated with poor material planning 

and are commonly faced in many construction projects. 

Materials Requirements Planning (MRP) encompasses identifying, quantifying, and scheduling 

the acquisition of materials and equipment needed for a project (Caldas et al., 2015). It involves 

taking inventory of the materials at a construction site, identifying which additional ones are 

needed and then scheduling their production or purchase. Lead times associated with the 

acquisition of materials and equipment affect the entire project schedule from the sequence of 

engineering activities through the scheduling of construction packages. Islam et al. (2018) carried 

out a study that involved the Development of Material Requirements Planning (MRP) Software 

with C Language. Their argument for developing the software was hinged around the fact that 

manufacturing firms that do not practice the use of inventory management tools are highly 

susceptible to high inventory costs. 

Gulghane & Khandve (2015) carried out a study on management of construction materials and 

control of construction waste in the industry where they stated that the current manual materials 

management practices are labour intensive, inaccurate and error prone. These practices are a major 

cause of delays, wastage and decrease in labour productivity. One of the main causes of cost 

variances was identified as overstocking of construction materials which results from poor 

planning. Therefore, proper materials planning is crucial in promoting cost control on a 

construction project. 

2.1.2 Materials Purchasing and Delivery 

Purchasing is the function that provides the bridge within materials management between the 

identification of a requirement and the ordering of goods and services (Caldas et al., 2015). The 

purchasing department is therefore responsible for developing sources of supply that meet the 

requirements of producing a quality product at a competitive price while meeting the established 

delivery and reliability standards. A substandard purchasing process can be detrimental to a 

project’s success as it can result in over-ordering of materials, over-payments for materials, loss 

of benefits and lack of knowledge (when and where the best service source might be available at 

any particular time). In their study about material delivery problems on construction sites, (Mishra 

et al. (2018) identified that frequent material shortages on construction sites can have an adverse 
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effect on the success of a construction project. Therefore, it is very important for the purchase team 

to ensure timely delivery of materials on site as and when they are needed. 

Materials delivery is the process through which the required materials are supplied to construction 

sites. The primary objective of transportation and logistics is to plan, control, and execute the 

movement of materials to the project jobsite (Mishra et al., 2018). This function must be consistent 

with engineering, procurement, and construction schedule requirements and must be considered 

during planning. Transportation costs often make up a substantial percentage of the cost of 

materials; however, the financial impact of schedule delays can be much greater. Having an 

effective transportation and logistics function is essential for successful execution of the project. 

Rahman et al. (2017) studied the causes of shortages and delays in materials supply where they 

stated that delays in materials delivery can easily lead to delays in the entire construction project. 

Some of the causes of delays in materials delivery on sites according to this study include; low 

labour productivity, inclement weather, government restrictions, slow decision making especially 

on the client’s side, shortage of raw materials, poor planning and scheduling, variations and 

changes in scope. 

2.1.3 Materials Storage and Safety 

Materials Safety involves protecting materials from any kind of damage, contamination, staining, 

and discolouration during the processes of transportation, lifting, storage, workmanship and 

installation (Tanubrata & Gunawan, 2018). Materials on site might need protection from theft and 

vandalism, particularly when left out in the open where they are likely be removed late at night by 

opportunistic thieves. Sites usually have lockable compartments for storage of tools but security 

is often provided for materials and tools that are kept in the open. This can be in the form of a 

lockable fenced compound at site at times with CCTV, alarms and security personnel.   

Material storage on construction sites involves the provision of adequate space, protection and 

control for materials, components and equipment that are to be kept on site during the construction 

process (Subramani et al., 2017). Storage systems on construction sites vary depending on various 

factors for example space availability and the company’s practices. Industrial guidelines are often 

adopted to guide stacking and storage of particular materials or this can be done according to the 

guidelines of the manufacturer or supplier.  Materials like cement should must be stored in covered 

https://www.designingbuildings.co.uk/wiki/Form
https://www.designingbuildings.co.uk/wiki/CCTV
https://www.designingbuildings.co.uk/wiki/Alarm
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sheds and stacked on timber raised platforms and reinforcing bars should be stored in moisture 

free zones to prevent corrosion (Patel & Vyas, 2011).  It is important that coarse and fine aggregate 

are stored in separate stockpiles located on clean, hard and free-draining surfaces and they should 

be regularly monitored for moisture content. 

2.2 Auditing of Inventory  

2.2.1 Last Planner System 

Planning for and during construction is carried out by various people in the organisation and at 

different stages of the project life cycle. However, at various stages of the project, somebody 

decides what specific activities will be carried out and what resources are required for those various 

activities. Ballard & Howell (1994) referred to that individual as the ‘Last Planner’ who can be a 

site supervisor, foreman, subcontractor, supplier among others. Conventional planning techniques 

involve long term planning which is inefficient in the determination of project constraints at an 

early stage. Hamzeh (2011) stated that the Last Planner System was created as an avenue to 

improve the planning dependability and hence reduce uncertainty, increase productivity and ensure 

a smooth workflow without disturbances.  

As one of the tools used for implementing lean construction, the Last Planner System consists of 

two stages which are, the long-term planning stage and the short term planning stage. The long 

term planning stage consists of the master schedule which outlines project milestones and the 

phase schedule which uses a collaborative pull planning system. Short term Planning is carried out 

weekly and includes a ‘look ahead’ plan that seeks to identify and remove constraints and make 

commitments, a commitment plan which is a weekly work plan  and ensures that reliable promises 

are made and finally learning which includes measuring compliance, acting on non-compliance 

and acting to prevent recurrence (Heigermoser et al., 2019). The Last Planner System in 

construction project management has been used in the production control of construction projects 

in the United States of America, Brazil, Ecuador, Peru, United Kingdom, Denmark and Finland 

(Mishra et al., 2018). The Last Planner System is one of the best practices recommended for use 

within the construction industry and involves various aspects like scheduling and materials 

management. Materials auditing arises under the material management component but is not the 
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main objective when implementing the Last Planner System. However, there are other methods 

dedicated to materials auditing; these are discussed in the following subsections. 

2.2.2 Truckload Method and Eyeballing Method 

The truckload method uses the size of the truckload as a guide in estimating the amount of material 

available at site. While the truckload method can easily compute small stockpile volumes, it is a 

lengthy and mostly inaccurate method when used to compute volumes of large stockpiles and the 

values obtained do not necessarily give an indication of how much of the material remains on site 

after some of it is incorporated into the structure. Therefore, the material requirement on the 

construction site cannot be established with certainty.  On the other hand, the eye balling method 

mostly depends on the experience and intuition of the materials manager to develop rough 

estimates of the materials. Computing a volume using the eyeballing method is plagued by 

significantly lower accuracy as computations are roughly performed based on the user’s estimated 

measurements (Son et al., 2020). 

2.2.3 Survey and Computational Methods 

Kasim et al. (2012) carried out a study that involved the use of ICT to improve onsite materials 

tracking for inventory management on construction sites and concluded that the use of ICT on 

construction sites can facilitate efficient control over the materials used in construction. These 

methods are not commonly used at Ugandan sites. However, irrespective of the techniques used, 

the main steps that lead to determining the volume of piles of bulk materials using the survey 

techniques include: the surveying of the surfaces through acquisition of points and characteristic 

lines, the modelling of a solid that approximates its real shape and size and the use of the solid’s 

geometry to obtain its volume. Some of the techniques used include; Total station and the Laser 

Scanning Techniques. 

2.2.3.1 Total Station 

Chekole (2014) carried out a comparative study between total station surveying and laser scanning 

where a total station is defined as an optical instrument commonly used in construction, surveying 

and civil engineering for measuring horizontal angles, vertical angles and distance and it does this 

by analysing the slope between itself and a specific point. While using the total station surveying 

method, the measured points are chosen before measurement. It is important to choose a sufficient 
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amount of points as insufficient points produce a low level of accuracy while too many points 

make data analysis cumbersome. The total station is centred and levelled over a position and the 

station is either given assumed coordinates or it is coordinated using GPS. Stationary physical 

objects are then coordinated using the intersection method relative to the station coordinates (X, 

Y, and Z) by measuring distance and bearing. Measurements are then taken on the surface of the 

stockpile and more importantly along the break lines. In areas where the surface is not visible, the 

instrument position is changed and the coordinates of the new instrument position are obtained 

using resection or intersection method embedded in the software of the total station using the 

coordinates of the stationary physical objects coordinated previously. The measurements are taken 

until the whole surface of the stockpile is captured. The data is then plotted in AutoCAD and a 

compression contour surface is created from it. The lowest reduced levels of the base points of the 

stockpile is used to create the base surface of the stockpile. The volume between the two surfaces 

are then computed which will represents the volume of the stockpile (Chekole, 2014). 

2.2.4 Laser Scanning 

The word laser is an acronym for light amplification by stimulated emission of radiation. Lasers 

are classified according to the type of material that is used as the radiation source including gas 

lasers, solid state lasers and semiconductor lasers and others. The three main laser components 

include the active material of the laser, the energy source and two mirrors (Shan & Toth, 2018). 

Laser based ranging instruments can therefore carry out ranging, profiling and scanning.  While 

laser ranging focuses on distance measurement using the pulse echo and phase shift methods, laser 

profiling uses a reflector less laser range finder to measure distances to a series of closely spaced 

points located adjacent to one another resulting in a 2D vertical profile. However, with addition of 

the scanning mechanism that makes use of a rotating mirror or prism, the laser ranging equipment 

is upgraded from being a 2D profiler to being a 3D scanner that can map more topographic features 

in an area other than just determining the elevation values along a line in the terrain as a laser 

profiler does (Shan & Toth, 2018). 

A 3D scanner is a device that analyses a real-world object or environment to collect data on its 

shape and appearance colour. Laser based surveys can be carried out using the following 

approaches; satellite, airborne and terrestrial laser scanning (Prakash et al., 2019). These 

measurements are made using instruments that are based either on phase comparison methods or 
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on pulse echo techniques. The time of flight method, also known as the pulse echo technique 

involves accurate measurement of time taken by a short but intense pulse of laser radiation to travel 

from the laser scanner to the object being measured and to return to the instrument after having 

been reflected from the object while with the phase comparison method, the instrument produces 

a continuous beam of laser radiation and the range value is derived by comparing the transmitted 

and received versions of the sinusoidal wave pattern of the emitted beam and measuring the phase 

difference between them (Shan & Toth, 2018). 

2.2.4.1 Terrestrial Laser Scanning  

This is carried out using ground based laser scanning equipment whose position is fixed and can 

only move in the vertical and horizontal directions. The vertical motion is facilitated by the rotating 

mirror and motion in the azimuth or horizontal direction is enabled by the use of a motor drive. 

Coverage of an area of terrain from a fixed ground station is achieved through the measurement of 

a series of elevation profiles adjacent to one another, the position of each new profile being defined 

by an angular step in the azimuth direction. These scanners, whether tripod or vehicle mounted 

provide a lot of detail of building facades as required for production of high level 3D models. It 

can therefore be combined with Airborne Laser Scanning systems to enable production of 3D 

models of cities as it provides a great level of detail that may not be captured by the airborne 

systems (Shan & Toth, 2018). TLS is a useful instrument and rapid means to measure volume of 

stockpile of any shape as utilised in this research. 

 
Figure 3: Typical Operation of a Terrestrial Laser Scanner. Source: Shan & Toth (2018) 
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2.2.4.2 Airborne Laser Scanning 

With airborne laser scanning, a scanner is attached to an aircraft and creates a 3D point cloud 

image of a landscape (Shan & Toth, 2018). As with terrestrial laser scanners, the phase comparison 

and pulse echo techniques are used for distance measurement from the airborne platform to the 

ground or object that is being scanned. However, the limitation with this technique is that it can 

only acquire elevation data directly below the aircraft along a single line crossing the terrain during 

an individual flight. Thus, if a large area of the terrain had to be covered, as required for 

topographic mapping, a very large number of flight lines have to be flown to give complete 

coverage of the ground. Some of the major applications of ALS include: Mapping of corridors for 

example, roads, railway tracks, pipelines, waterway landscapes, Mapping of electrical 

transmission lines and many other applications (Wehr & Lohr, 1999). 

2.2.5 Applications of Laser Scanning 

3D Laser scanning is used in numerous applications including industrial, architectural, civil 

engineering, surveying, mining, reverse engineering, quality, archaeology, dentistry, and 

mechanical dimensional inspection among others. It was adopted for the entertainment industry 

such as animations or movie action scene simulations. It has also been adopted for transportation 

applications such as accident investigation to digitise the accident scene and come up with 

simulations of the actual accident. It has also been used to record buildings in places that are 

inaccessible due to safety hazards for example areas that have been hit by earthquakes (Edl et al., 

2018). 

In reverse engineering, 3D Laser scanning enables the reproduction of shapes of already existing 

objects by creating digitised versions of the objects that can later be transferred into moulds. This 

can also be used in the production of as built drawings for already existing buildings. In law 

enforcement, laser scanning has been applied to produce models that enable documentation of 

crime scenes, bullet trajectories, blood stain pattern analysis, accident reconstruction, bombings, 

plane crashes and so much more. In the construction industry, laser scanners have been adopted 

for various applications including the production of as built drawings of bridges, industrial plants 

and monuments, documentation of historical sites, site modelling and lay outing, quality control, 

quantity surveys, and so on (Edl et al., 2018). 
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2.2.6 Operation of the 3D Laser Scanner 

Laser Scanners operate using three ranging principles including triangulation, pulse (time of flight) 

or phase comparison. The Laser Scanner rotates at a high speed and emits a beam with accuracy. 

This beam records about one million data points in a second and the data points develop a point 

cloud which is an image of the object’s surface. Depending on the size of the survey area, there 

are many set up positions around the object in order to obtain a comprehensive representation of 

the object. Laser scanning begins with extensive planning of scanner locations and target locations. 

A reconnaissance survey is carried out at this stage to establish the best stations so as to cover the 

entire stockpile whose volume is required. This is done in a way that ensures sufficient data is 

captured. The target location is set in a way that it can be spotted from several scanner locations 

and this is crucial for the registration process during point cloud data processing. The scanner is 

then positioned at the planned locations and the scanning is performed. 

2.2.7 Pre-processing of Point Clouds 

A 3-dimensional (3D) point cloud is a set of data points in a 3D coordinate system. These data 

points are usually defined by X, Y, and Z coordinates, and often are intended to represent the 

external surfaces of an object. 3D point cloud data can be obtained from various data sources such 

as laser scans, images, and videos through their respective equipment and technologies. The data 

acquisition and processing of point cloud data should be performed properly so as to fulfil the 

needs of the intended construction applications. The raw scans obtained through the laser scanning 

process have to be processed. The pre-processing stage includes indexing and data cleaning. This 

is carried out using software and involves three stages including registration of scans, filtration 

and modification of the point cloud (Rex & Stoli, 2014). 

2.2.7.1 Registration of Scans 

Registration is the process through which point clouds obtained through the laser scanning process 

are combined into a single point cloud image.  Laser scanning done to obtain point clouds normally 

involves taking multiple scans of the same area or object at various positions and these overlapping 

point clouds need to be aligned to form detailed and accurate representations of the surveyed area 

or object. According to Dong et al. (2020), Xu et al. (2019) identified the fact that point cloud data 

obtained through laser scanning requires registration in order to transform point clouds with 
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arbitrary coordinate systems into a common coordinate system that covers the entire scene 

completely. Registration of point clouds can be hindered by various factors including; outliers and 

noise induced by moving artefacts like swaying trees and vehicles, missed points due to gaps 

caused by obstructions, over lapping point clouds collected from different stations resulting in 

variable point distributions at the same position and large volumes of collected data being 

characterised by large computational costs among others (Dong et al., 2020). 

Dong et al. (2020) studied various methods that have been employed to ease the registration 

process and these methods are divided into two groups which are pairwise and multi view point 

cloud registration methods. Both groups employ the coarse-to-fine strategy. Under pairwise coarse 

registration, the registration methods include the hand crafted feature based methods, Four-points 

congruent set (4PCS)-based registration method, Probabilistic registration methods and Deep 

learning-based registration methods. Under pairwise fine registrations some of the methods 

include the ICP algorithm, the NDT Algorithm and its variants. Multi view point cloud registration 

methods include; Sequential pairwise registration-based methods and Joint registration-based 

methods. 

2.2.7.2 Filtration and Modification of Point Clouds 

Once the scans have been registered, they require proper cleaning in order to obtain point cloud 

data for the required stockpile. The data cleaning greatly affects the computation of the volumes. 

Raw point cloud data is often noisy and characterised by many outliers and it is important to 

remove them while preserving the required features. The unwanted or faulty points in the obtained 

point cloud are removed through filtration and modification. The main filtering approaches for 3D 

point cloud are grouped under four classifications including; statistical-based, neighbourhood-

based, projection-based and Partial Differential Equations (PDE)-based filtering (Han et al., 2017). 

2.2.8 Point Cloud Data Processing 

2.2.8.1 Point Cloud Software  

It is important to choose software that is compatible with the laser scanners used. The compatibility 

is investigated based on matching file formats and data types: file formats accepted for import are 

compared with the file formats outputted by the software attached to the 3D Laser scanning 

equipment. The choices of software used in point cloud data processing are dependent on the 
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equipment used to carry out laser scanning. Laser scanner software might focus on the 

‘registration’ process, post registration modelling, texturing or visualization. Laser scanner 

software might also be considered to include the software that controls the scanner during 

scanning. There are two main categories: software introduced by laser scanner manufacturers 

specifically for their own devices; and software built from the ground up to work with many 

compatible file format outputs. Then there are a number of choices based around cloud 

compatibility and the approach taken to deliver registration. 

2.2.8.2 Auto-Desk ReCap Pro 

Auto-Desk is a company that offers various software products. Reality Capture (ReCap) was one 

of the first point cloud registration software that was not developed for a specific scanner and 

hence it is widely used. The company does not produce scanners and mainly specialises in software 

used for processing of the data obtained. Although ReCap was very popular for point cloud 

processing, the company’s software portfolio focuses on modelling tools like AutoCAD, Revit, 

Fusion, BIM 360 and others. Bentley is its greatest competitor in Computer Aided Drawing 

software although Bentley is standard for rail and road projects. Bentley does some point cloud 

processing but not registration. Some of the import formats include; cl3, clr, e57, fls, fws, lsproj, 

las, jpg, pcg, prj, ptg, pts, ptx, rcs, rds(3d), txt, xyb, xyz, zfs, zfprj while the export formats include; 

e57, pts, pcg, rcp/rcs, fbx, obj, rcm, rcs and ortho/tif (Rex & Stoli, 2014).  

2.2.8.3 AutoCAD Civil 3D Metric Software 

Civil 3D is an engineering software package used by civil engineers and other professionals to 

plan, design, and manage civil engineering projects. These projects may fall under the three main 

categories of land development, water, and transportation projects; and can include construction 

area development, roadway engineering, river development, port construction, canals, dams, 

embankments, heavy civil applications (Autodesk, 2016). Civil 3D is used to create three-

dimensional (3D) models of land, water, or transportation features while maintaining dynamic 

relationships to source data such as grading objects, contours, and corridors. As an industry-

leading building information modelling (BIM) solution, Civil 3D is well known in the civil 

engineering community and widely used on a variety of infrastructure projects both large and 
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small. Due to the maturity and reliability of this commercial software the current industry, 

consulting and government agencies are actively using this software package.   

2.3 Literature Review Summary 

This chapter presented various concepts related to this research including materials management 

which is one of the most important aspects of project management that also has very high cost 

implications if not handled properly. Under materials management, various concepts were 

explained including how vital they are to a project’s success including materials planning, 

purchasing, delivery, safety and storage. Auditing of inventory was then introduced by explaining 

the last planner system along with its importance in ensuring project success. Various methods 

dedicated to materials auditing on construction sites were then discussed including the eye balling 

and truck load methods, the surveying techniques including the use of a total station and the laser 

scanning technology. Laser scanning technology was discussed in depth including its origins, 

principles of operation, associated software for data cleaning and analysis as well as its various 

application areas in the construction industry. Of all the aspects covered, the literature on laser 

scanning technology will be critical for purposes of this study particularly for in the automation of 

data acquisition and data processing to quantify the volumes of stockpiles. 
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CHAPTER THREE – METHODOLOGY 

This chapter highlights the various research activities that were undertaken, the tools, materials, 

techniques and procedures that were followed and used in order to achieve the research objectives. 

It is broken down into four sections namely: nature of data, data sources, data acquisition and data 

modelling/analysis.  

3.1    Nature of Data 

The data sources used for research can either be primary or secondary data sources. Primary data 

was collected and used while carrying out this research. Primary data sources are usually chosen 

and tailored specifically to meet the demands or requirements of a particular research. Also, before 

choosing a data collection source, things like the aim of the research and target population need to 

be identified. Data can be qualitative or quantitative in nature. Qualitative data is presented as 

words and descriptions for example the configuration of the storage area. Quantitative data on the 

other hand includes any data expressed in numerical form for example the point cloud.   

The data that was collected while undertaking this research included the digital 3-Dimensional 

representations of stockpiles of coarse and fine aggregate in the form of point cloud images 

obtained through 3D laser scanning. The 3D laser scanning process produces the XYZ coordinates 

of different points that make up the point cloud, vectors connected to each of the points which give 

the orientation of the points and some scanners also produce colour which is given as an RGB 

value and intensity which shows how bright the points are. Point cloud image file types might be 

of the ASCII or binary format. Common point cloud ASCII file formats are XYZ which is a text 

format, OBJ (with some proprietary binary exceptions), PTX (Leica) and ASC. Binary systems 

store data directly in binary code. Common point cloud binary formats include FLS (Faro), PCD 

(point cloud library), and LAS. Several other regularly used file types are capable of both ASCII 

and binary formats. These include Polygon File Format (PLY) and FBX. The file format produced 

by the laser scanner used for this study was FLS. 

Empirical volume measurements were carried out as a means of comparison with the volumes 

obtained through 3D Laser scanning. The primary data that was collected for this purpose included 

the dimensions of the stockpiles since materials that are stockpiled are normally cone shaped and 
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at times trapezoidal in shape. After obtaining the required dimensions through measurement, the 

volumes of the stockpiles can be computed.   

3.2 Data Sources 

The study population consisted of building construction sites in central Uganda, i.e. in Kampala 

District, Kawempe Division. The construction sites from which data was collected were 

residential, commercial and institutional construction sites. These sites were chosen for this study 

as the construction industry in Uganda is more active and consumes more coarse and fine aggregate 

in these domains relative to other domains in the construction industry. The study involved 

tracking of quantities of different stockpile sizes including small, medium and large stockpiles. 

The volume of the material to be studied i.e. aggregate is known to be impacted by its moisture 

content which in turn varies based on the material source or where it was stored. However, it was 

assumed that moisture content has little influence on the volume of the material in this study.   

Sampling is carried out as it is impractical to study all construction sites within the study population 

due to constraints like time, money and other resources. The study sample constituted all stockpiles 

of coarse and fine aggregate located on each of the construction sites selected. Convenience 

sampling was used as the study was focused on obtaining accessible construction sites making use 

of coarse and fine aggregate in their operations. All stockpiles with considerable amounts of 

aggregate were considered. The credibility and validity of the research findings was increased 

using triangulation where by stockpile volumes were obtained through two methods i.e. laser 

scanning and Empirical computations. Additionally, different sizes of stockpiles were to studied 

under three categories i.e. small, medium and large with 2 stockpiles per category making a total 

of 12 data points obtained from 6 construction sites with in Kampala.   

3.3 Data Acquisition 

This subsection covers all tools, materials, techniques and procedures for research activities i.e. 

collecting data and analysing it for the study. The equipment that was utilised in carrying out data 

acquisition on this project includes a terrestrial laser scanner, the computers for storing the 

downloaded data, various software for extracting data and cleaning it up as well as measuring tape 

for measurement of stockpile dimensions. 

3.3.1 Laser Scanning of Stockpiles 
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3.3.1.1 Equipment and Tools 

3.3.1.1.1 3D Laser Scanner 

3D Laser Scanners are non-contact devices that capture millions of discrete data points to measure 

an object or space using laser infrared technology that produces detailed 3D images in minutes. 

The images comprise millions of 3D data points, known as a point cloud (Sepasgozaar et al., 2017). 

The basic principle of operation of a 3D Laser Scanner involves the emission of a light signal 

(laser) by an emitter and reception of the return signal by the receiver. The emitter is mounted on 

a body that rotates around a vertical axis and contains a mirror, in turn that rotates on its horizontal 

axis. The mirror has a function of reflecting the laser and directing it towards the point detected. 

The movement of the body and the mirror occur at very high speeds and hence allowing the 

acquisition of point cloud data at a rate that can reach one million points per second. 

A laser scanner might be manual levelling, self-levelling or automatic levelling. A manual 

levelling laser scanner requires the user to level the unit by turning thumb screws while looking at 

the bubble vials. However, a self-levelling scanner automatically finds and maintains the level 

within a specified range. It might also have bubble vials that enable one to use the thumb screws 

to carry out some initial levelling after which the machine takes over and does the fine levelling. 

The difference between self-levelling and auto-levelling scanners is that most self-levelling 

scanners have an internal pendulum that does the levelling while the automatic levelling lasers 

have electronic motors that do the levelling. Self-levelling and auto-levelling scanners are able to 

continue levelling themselves if the setup or platform becomes jarred accidentally.  

3.3.1.2 Procedure for 3D Laser Scanning 

The laser scanning process begun with planning which involved identifying the optimal set of 

scanning locations to capture the desired objects while satisfying various scanning criteria and 

specifications. The instrument stations were planned prior to the operation in such a way that the 

scans could have balance and overlap between them. Poor planning might lead to discarding of 

acquired data and rescanning which are both time consuming and expensive. FARO 3D laser 

Scanners have a GPS system that can be used to coordinate the instrument position. The laser 

scanner was setup and automatically levelled over the planned stations. After making the necessary 

settings such as creating a project, enabling the GPS system, choosing the preferred profile of the 
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scans (Scan type and quality), and the scanning process was started. After scanning at all the 

planned stations, the raw scans were transferred from the 3D Laser scanner’s SD card and stored 

on a computer. 

3.3.2 Empirical Measurement of Stockpile Dimensions 

3.3.2.1 Tools for Empirical Stockpile Measurement 

The stockpile dimensions were obtained using a surveyor’s tape. The dimensions that were to be 

measured were identified based on the approximate shape of the stockpile which was either 

trapezoidal or cone shaped. These were recorded manually using pen and paper where sketches of 

the said stockpiles were drawn to indicate their respective dimensions that were later used in 

volume computation. 

3.3.2.2 Procedure for Empirical Stockpile Measurement 

Normally, the sides of the stockpiles were of an uneven grade especially since parts of the stockpile 

had already been used for construction. This necessitated a quick movement around the stockpiles 

to tidy them up so as to make the measurements taken close to accurate. After tidying up the 

stockpile, the stockpiles were thoroughly measured using the tape and these values were 

appropriately recorded in a notebook against the corresponding sketch of the stockpile. 

3.4 Data Analysis 

This section discusses the point cloud data processing procedures and the software used for data 

processing. It is very important to make the right software choices to obtain the required results 

with high levels of accuracy. Some of the software commonly used for point cloud processing 

include; Topcon, Scan master, Autodesk Recap, Autodesk Revit, Civil 3D, AutoCAD metric and 

many others (Zakaria et al., 2019). The Autodesk Recap and Civil 3D metric software were used 

for data processing when carrying out this research. There are basically three main steps 

undertaken to process the data obtained from the 3D laser scanner for volumetric analysis of the 

stockpiles. These include: Indexing, Data cleaning and Computation of the volumes. 

3.4.1 Procedures for Construction of 3D Objects 
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A 3-dimensional (3D) point cloud is a set of data points in a 3D coordinate system. These data 

points are usually defined by X, Y, and Z coordinates, and are often intended to represent the 

external surfaces of an object. 3D point cloud data can be obtained from various data sources such 

as laser scans, images, and videos through their respective equipment and technologies. The data 

acquisition and processing of point cloud data should be performed properly so as to fulfil the 

needs of the intended construction applications. The pre-processing stage, also known as the 

indexing and data cleaning stage involved three processes including registration of scans, filtration 

and modification of the point cloud. This was all carried out using the Autodesk Recap Pro 

software. 

3.4.2 Laser-based Volumetric Computation Procedure 

After a point cloud was cleaned in Autodesk Recap Pro, it was exported as a Unified RCS file 

from Recap Pro and then imported into the Civil 3D metric software. In the Civil 3D metric 

software, surfaces were created from the point cloud data to model the compression surfaces of 

the stockpiles. Once the compression surfaces were created for a stockpile, the base surfaces were 

also created to enable computation of the volume of the stockpile. The volumes of the stockpiles 

were then computed using the volume dashboard tool in Civil 3D Metric.   

3.4.3 Empirical Volumetric Computation Procedure 

Being either a trapezoidal prism, a triangular prism or cone shaped, the manual computation of the 

stockpile volumes were carried out using the formulas shown in Equation 1, 2 and 3. These 

formulas were used under the assumption that the shapes were regular.   

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑎 𝐶𝑜𝑛𝑒 = 𝜋𝑟2 ℎ

3
              (1) 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑎 𝑇𝑟𝑎𝑝𝑒𝑧𝑜𝑖𝑑 = 𝐿 × 𝐻 ×  (
𝑃 +𝑄

2
)    (2) 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑇𝑟𝑖𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑃𝑟𝑖𝑠𝑚 =
1

2
× 𝑎 × 𝑏 × 𝐿       (3) 

 Where: h/ H – Height, L- Length, P - Base Width, Q – Top Width, a – Base Length of triangle b 

– Base Height of triangle 
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CHAPTER FOUR – DATA ANALYSIS, FINDINGS AND DISCUSSION 

This section includes the steps that were followed by the researcher to analyse the data and findings 

from research carried out on construction sites in Kampala from which she was able to draw 

conclusions and give recommendations. Data analysis included inspecting, cleaning, transforming 

and modelling data with the goal of discovering useful information, informing conclusions and 

decision making. The researcher explains the findings and answers the specific objectives of the 

study. 

Data was collected from 6 construction sites as planned and the researcher was able to obtain point 

cloud images of 13 stockpiles from said construction sites including 7 stockpiles of coarse 

aggregate and 6 stockpiles of fine aggregate. 3 stockpiles of coarse aggregate were small, 2 were 

medium size and 2 were large while for fine aggregate, there were 2 stockpiles for each size. The 

collected data therefore provided a basis on which the potential of laser scanning technology in 

auditing of continuous construction materials on sites could be ascertained. 

4.1 Preliminary Data Analysis 

Preliminary Data Analysis was carried out using the Autodesk Recap Pro Software. This stage of 

data analysis included indexing and data cleaning. Indexing in Autodesk Recap Pro is the process 

of stitching scans together and involves two steps which are importing of the scans and registration 

of scans. 

4.1.1 Importing of Scan Files into Autodesk Recap Pro 

The scan files that were obtained from the laser scanner’s SD card were imported into Autodesk 

Recap Pro as ‘.fls’ files. Before importing the scans, a new project was created and named. Options 

to either add files or folders were available for the new project but the folders option was chosen 

since the raw data was in the form of folders. Each folder that was selected was automatically 

imported into the project and any extra folders were added promptly. Adding folders to the project 

automatically triggered the indexing process. This process took a few minutes to a few hours 

depending on the number and size of the scan files to be imported.  
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4.1.2 Registration of Scans 

After the scans were imported, the software prompted registration of the scans. Scans could be 

registered manually or automatically. Automatic registration is possible for scans that possess 

overlaps and common points. The auto registration option becomes available once all files have 

started importing and clicking the ‘Auto Register Scans’ option in the bottom right corner of the 

application begins the registration process. Once initiated, any files that are yet to be imported will 

complete and the registration process will then begin.  

 
Figure 4: Auto Registration of Scans 

Manual registration is done when the software fails to identify common points to merge the scans 

automatically. The procedure for manual registration includes identifying and selecting at least three 

matching points or features on a plane in each image. It is important that the points are selected 

precisely before merging the scans for accurate results. After successful registration of the scans, the 

‘index scans’ option appeared on the screen and this was the final step in the indexing process after 

which, an option to launch the project was given. When selected, this option opened the project as a 

detailed and unclean 3D point cloud image of the scanned area. 
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Figure 5: Unclean Point Cloud 

4.1.3 Cleaning of Point Cloud Images 

Point cloud data requires proper cleaning in order to accurately obtain data for the required 

stockpile. The data cleaning process also has a profound effect on volume computation. During 

data cleaning, objects that are not part of the stockpile were removed in all angles to ensure that 

only the relevant part of the point cloud that is, the stockpile remained. This was done using the 

window and fence options in Autodesk Recap Pro that enabled clipping out of the unwanted points 

and creating a new region to represent the stockpile area. The project navigator option in the 

software also enabled hiding of the unassigned points which were not part stockpile region. This 

ensured that unwanted points were hidden but not deleted in case they are later required for any 

other purpose. Figure 6 below shows a cleaned version of the point cloud in figure 5. The stockpile 

in figure 6 is hence ready for export. 

 
Figure 6: Cleaned Point Cloud Image of Stockpile (Fine Aggregate) 
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4.1.4 Exporting of Clean Point Cloud Images 

After the point cloud image was thoroughly cleaned, it was ready for export. This was done by 

clicking on the export icon and selecting the locations where the files were to be exported. The 

save as option was then provided and using this option, the files were exported in the unified rcs 

file format which is means all the data would be stored within a single file. After choosing the file 

format, the point cloud images were successfully exported. 

4.2 Detailed Data Analysis 

4.2.1 Importing of Point Cloud Image into Civil 3D Metric 

At this point, Autodesk Recap Pro was closed and a brand new drawing was opened and renamed 

in Civil 3D metric. The drawing units were then checked to ensure that they corresponded with 

the desired units which were meters and the angular units were degrees. After ensuring the drawing 

was set to the required units, the point cloud was inserted into the Civil 3D environment. This was 

done by clicking on the insert ribbon tap, then the attach option. This enabled searching for the 

location of the rcs file that was initially exported from Recap Pro. After locating the file, it was 

opened and no adjustments were made to the insertion points, scale and rotation. The point cloud 

was hence imported into Civil 3D. 

4.2.2 Creating a Surface from the Point Cloud (Compression Surface) 

The next step after importing the point cloud was building a surface from the point cloud. This 

was done by clicking the ‘create surface’ menu and choosing the create surface from point cloud 

option. The point cloud from which the surface was to be created was then selected and named 

stockpile and it was set that the entire surface of the imported point cloud was to be used by default. 

Filter options like Planar Average and Kriging Interpolation were given but since all the filtering 

had already been done in Recap Pro, the no filter option was chosen and the surface was created. 
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Figure 7: Compression Surface Created in Civil 3D Object Viewer 

4.2.3 Creating the Base Surface for the Stockpile 

At this point, only the top surface of the stockpile had been created and a surface representing the 

bottom of the stockpile also had to be created. This was done by selecting the surface and choosing 

the properties panel where the surface style was changed to border only. To extract the geometry 

of the surface, the extract from surface option was chosen and extract objects option was selected 

from the drop down. The software then prompted extraction of the border which created a 3D 

polyline representing the base of the surface. A surface was the built from that 3D polyline by 

opening the surfaces menu and choosing create surface, naming the surface as base and choosing 

the contours and triangles style from the style drop down. Here, the surface had been created but 

data had to be added to it. This was done by selecting the modify ribbon tab, then modify surface, 

the add data option and then add break lines. The base surface was chosen as the surface to be 

modified and the break lines were added to the base surface which represents the bottom of the 

stockpile.  

 
Figure 8: Base Surface of Stockpile in Civil 3D Object Viewer 
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4.2.4 Volume Computation in Civil 3D Metric 

After creating the compression and base surfaces, the volume between the surfaces was calculated. 

This was done by selecting the ‘analyse’ ribbon tap and choosing the volumes dashboard option. 

The ‘create a new volume surface’ option was selected and this provided a drop down menu. Here, 

the volume surface was named volume, its style was set to no display and the base surface was 

entered as base while the stockpile surface was entered as the comparison surface. Civil 3D then 

calculated the volume by sampling the points that made up both surfaces. A cut/fill report was then 

created by Civil 3D showing the 2D area of the stockpile as well as its volume among other things 

as shown in Figure 12. The volume of the stockpile is given in cubic meters under the Net column. 

The other cut/ fill reports for all stockpiles studied are shown in the Appendices of this report.    

 
Figure 9: Cut/ Fill Report for Large Fine Aggregate Stockpile indicating a Volume of 23.31 

Cubic Meters 

4.2.5 Empirical Volume Computations for Different Stockpiles 

The empirical volume computations were carried out based on the manual measurements carried 

out on site and the results obtained from these calculations are shown in Table 1 below for coarse 

aggregate stockpiles of all sizes looked at and in Table 2 for the fine aggregate stockpiles. Due to 

the fact that stockpiles found on ground were quite irregular in appearance, the shape chosen was 

that which was closest to the actual appearance and configuration of the stockpile. However, 

measurements done on site were carefully carried out so as to obtain values that were 

approximately close to the actual volume of material. 
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Table 1: Empirical Calculations for Coarse Aggregate Stockpiles 

Stockpile 

Name and 

Size 

Shape Dimensions (m) Volume 

(m3) 
Length Height A b Diameter 

Coarse 

Aggregate 

Stockpile 

1- Small 

 Triangular  

Prism 

 4.32  0.83  2.15  N/A  N/A 3.854 

Coarse 

Aggregate 

Stockpile 2 

- Small 

Cone  N/A  1.16  N/A  N/A  6.7  13.632 

Coarse 

Aggregate 

3- Small 

Size 

Cone N/A 1.54 N/A N/A 5.90 14.034 

Coarse 

Aggregate 

Stockpile 4 

– Medium 

Cone  N/A  1.48  N/A  N/A  7.61  22.438 

Coarse 

Aggregate 

Stockpile 5 

–Medium 

Size 

Cone N/A 1.89 N/A N/A 7.49 27.758 

Coarse 

Aggregate 

Triangular 

Prism 

11.24 1.41   3.884 

(Average) 

N/A N/A 30.778 
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Stockpile 

6- Large 

Coarse 

Aggregate 

Stockpile 7 

– Large 

Cone shape 14.40 1.7 

(Average) 

5.92 3.05 N/A 109.792 

 

Table 2: Empirical Calculations for Fine Aggregate Stockpiles 

Stockpile 

Name and 

Size 

Shape Dimensions (m) Volume 

(m3) 
Length Height a b Diameter 

Fine Aggregate 

Stockpile 1- 

Small 

Half Cone N/A 1.15 N/A N/A 4.66 3.268 

Fine Aggregate 

Stockpile 2 – 

Small 

Cone N/A 0.88 N/A N/A 2.34 1.261 

Fine Aggregate 

Stockpile 3- 

Medium 

 Cone  N/A  1.63  N/A  N/A  4.30  7.890 

Fine Aggregate 

Stockpile 4 – 

Medium 

Cone N/A  1.15 N/A N/A 4.91 7.258 

Fine Aggregate 

Stockpile 5- 

Large 

Cone N/A 1.43 N/A N/A 8.42 26.541 
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Fine Aggregate 

Stockpile 6 – 

Large 

Trapezoidal 

Shape 

7.4 1.55 3.55 1.58 N/A 29.420 

4.2.6 Results and Discussion 

Table 3: Volume Computations for Different Sizes of Coarse Aggregate Stockpiles from 

Civil 3D and Empirical Measurements 

Stockpile Size Volume Obtained 

from Software (m3) 

Volume Obtained 

through Empirical 

Measurement (m3) 

Percentage 

Difference (%) 

Small 1 3.66  3.85 5.06 

Small 2 13.18 13.63 3.35 

Small 3 13.19 14.03 6.17 

Medium 1  20.12 22.44 10.90 

Medium 2 28.70 27.76 3.33 

Large 1 29.76 30.78 3.37 

Large 2 114.72 109.79 4.39 
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Figure 10: A graph showing the Percentage Difference between Volume Obtained from 

Software and that Obtained through Empirical Measurement of Coarse Aggregate 

Stockpiles 

 

From Figure 10 above, it is evident that the results obtained through laser scanning and empirical 

measurement of stockpiles are within the same range for coarse aggregate stockpiles of different 

sizes. The percentage difference in volumes obtained using both methods ranges from 3.33% to 

6.17% for various sizes of stockpiles including the small, medium and large ones. However, one 

of the medium sized stockpiles obtained a large percentage difference of 10.9% which was out of 

this range. This was because unlike the other coarse aggregate stockpiles that were located in the 

less busy areas on site, this particular stockpile was located in quite a busy area where cars and 

people frequently made movements in the scanner’s line of sight. This caused significant 

registration problems which could have led to the higher percentage difference obtained. This 

implies that the quality of the scan taken affects both the registration process and the volume 

computation process. From these results, the accuracy of the laser scanner is not largely affected 

by the size of a coarse aggregate stockpile but rather, the main issue that affects accuracy in this 

case is the scanning process itself being destructed by activities on site.  Therefore, it is important 

that these operations are carried out at less busier times on site so as to obtain accurate results. 
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Table 4: Volume Computations for Different Sizes of Fine Aggregate Stockpiles from Civil 

3D and Empirical Measurements 

Stockpile Size Volume Obtained 

from Software (m3) 

Volume Obtained 

through Empirical 

Measurement (m3) 

Percentage 

Difference (%) 

Small 1 3.21 3.27 1.85 

Small 2 1.29 1.26 2.35 

Medium 1 8.34  7.89 5.54 

Medium 2 6.80 7.26 6.54 

Large 1 32.61 26.54 20.52 

Large 2 23.31 29.42 23.17 

 

 

Figure 11: A graph showing the Difference between Volume Obtained from Software and 

that Obtained through Empirical Measurement of Fine Aggregate Stockpiles 
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Unlike the coarse aggregate stockpiles where there weren’t significant changes in the percentage 

differences obtained for different stockpile sizes, that wasn’t the case for the fine aggregate 

stockpiles. For the smaller size stockpiles, the percentage differences were really small at 1.85% 

and 2.35%. However, when it came to the medium sized stockpiles, the percentage differences 

increased to 5.54% and 6.54%. For the large stockpiles, the percentage differences were 

significantly large at 20.52% and 23.17%. This trend was due to the fact that the smaller size 

stockpiles were obtained from a less busy site and therefore, there weren’t many disturbances and 

just 2 scans were taken for each of them to obtain their point clouds. This also meant their 

registration took place without issues. The medium sized stockpiles however required more scans 

to be carried out and were located at busy areas on site where a number of movements were going 

on that affected scan registration subsequently. However, the larger stockpiles of sand had 

significantly large percentage differences because their locations and highly irregular shapes made 

it quite difficult to obtain accurate empirical measurements. However, the scanner was able to 

properly capture both stockpiles without the need to physically access the stockpiles. 

Most of the accuracy problems identified from these results indicate that the accuracy of volumes 

obtained through laser scanning is not affected by the equipment itself but rather a number of 

environmental factors like movement of people, cars and others during the scanning process. Most 

coarse aggregate stockpiles measured for this study were not largely affected by this due to the 

fact that the sites were they were found were not very busy and additionally, the site engineers 

ensured that I carried out the operations with minimal disturbances. However, this wasn’t the case 

for the large sized stockpiles of fine aggregate. Finally, it should also be noted that expecting no 

difference in the volumes would not be realistic at all as different methods were used to obtain the 

data (Raeva et al., 2016). 
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CHAPTER FIVE – CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

The purpose of this study was to investigate the potential of laser scanning technology in auditing 

of continuous solid construction materials on construction sites. It was carried out on 6 building 

construction sites that were identified in Kampala District, Kawempe Division. Three of these sites 

were institutional, 2 were residential and 1 was commercial. Point cloud images of all stockpiles 

of coarse and fine aggregate found on these sites were obtained through 3D laser scanning. Point 

cloud data was extracted from the laser scanning equipment, cleaned using Autodesk Recap Pro 

and volumes were calculated from the cleaned data using Civil 3D Metric. Empirical 

measurements were also carried out to test the accuracy of the equipment. The volumes obtained 

through laser scanning were then compared against volumes obtained through empirical 

measurement as a means of testing the accuracy. 

The results obtained indicated that the percentage differences between values obtained through 

laser scanning and empirical measurement for coarse aggregate were ranging from 3.35% to 5.06% 

for the small stockpiles, 3.33% to 10.9% for the medium stockpiles and finally, 3.37% to 4.39% 

for the larger stockpiles. For fine aggregate, the smaller stockpiles had percentage differences 

ranging from 1.85% to 2.35%, the medium sized stockpiles’ percentage differences were ranging 

from 5.54% to 6.54%. The large stockpiles had percentages differences ranging from 20.52% to 

23.17%. From these results, it can be concluded that there was no specific trend when it came to 

accuracy obtained for different stockpile sizes of coarse and fine aggregate when using the laser 

scanning technology. Therefore, size of the stockpile has minimal effect on the accuracy obtained 

when using laser scanning technology.  

It should be noted that despite the great reduction in accuracy for the larger size fine aggregate 

stockpiles, the factors that led to this were not associated with accuracy of the equipment but rather 

environmental factors like continuous movement of people, cars and other objects on site due to 

ongoing site activities and difficulties faced in manual measurement of these materials due to their 

locations on site and generally, the configuration of the stockpiles. 

Laser scanning technology has high potential to be used for auditing of continuous solid materials 

on construction sites because transitioning to 3D scanning allows faster and precise measurement 
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of stockpiles, the use of the 3D Laser scanner is fully automated and requires minimal manual 

work and the equipment is user friendly and hence, practitioners would require minimal training 

in order to understand how to operate it and later, process the data they obtain from it.   

5.2 Recommendations 

The following recommendations are suggested with regards to the use of laser scanning technology 

in auditing of continuous solid construction materials on construction sites; 

 It is recommended that the concept of laser scanning discussed in this study is applied alongside 

drone technology to capture stockpiles of materials on construction sites as then, the scans will not 

be affected by the ongoing construction activities on site. Additionally, with drone technology, 

only a few scans would have to be taken to capture even the larger stockpiles unlike with terrestrial 

laser scanning. 

Further studies are recommended to investigate the applicability of this technology in producing 

as built drawings of already existing buildings, tracking the amount of works that have been carried 

on site for example in walling exercises and quantifying of discrete construction materials like 

bricks and blocks among others. The equipment should also be tested on other continuous solid 

materials like terrazzo stone, stone dust, and murrum among others. 

It is also recommended that a sufficient number of scans is taken for larger stockpiles so as to 

obtain accurate results and that scanning is carried out at the less busy times on construction sites 

so as to prevent disruption of the scanning process and subsequent reduction in the scan quality. 

A computer with high processing power is also recommended to be used for processing laser 

scanning data as it makes the process faster and therefore, more efficient. 
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APPENDICES 

Appendix 1: Coarse Aggregate Small 1 

 

Appendix 2: Coarse Aggregate Small 2 
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Appendix 3: Coarse Aggregate Small 3 

 

Appendix 4: Coarse Aggregate Medium 1 
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Appendix 5: Coarse Aggregate Medium 2 

 

Appendix 6: Coarse Aggregate Large 1 
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Appendix 7: Coarse Aggregate Large 2 

 

Appendix 8: Fine Aggregate Small 1 
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Appendix 9: Fine Aggregate Small 2 

 

Appendix 10: Fine Aggregate Medium 1 
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Appendix 11: Fine Aggregate Medium 2 

 

Appendix 12: Fine Aggregate Large 1 
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Appendix 13: Fine Aggregate Large 2 

 

Appendix 14: Laser Scanning Operation being Carried Out Indoors 
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Appendix 14: Laser Scanning Operation being Carried Out Outdoors 

 

 




