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Izvleček: 

Digitalno inženirstvo je nov pojav, ki spodbuja inženirsko in gradbeno industrijo, da sprejme nove 

tehnologije in nov potek dela v smislu posodobitve in nadgradnje običajnih delovnih postopkov. 

"Digitalno inženirstvo" je danes sicer ena najbolj trendovskih besed v inženirstvu in gradbeništvu, toda 

ko gre za digitalizacijo in naložbe v digitalizacijo, se inženirstvo in gradbeništvo izkaže kot slabo 

digitalizirana panoga v svetovnem merilu. Informacijsko modeliranje stavb (BIM – Building 

Information Modelling) predstavlja orodja in postopke, ki povezujejo področje inženirstva in 

gradbeništva z digitalnim svetom in omogočajo prehod iz tradicionalnih metod na inženirski pristop, ki 

temelji na podatkih. Osnovni koncept BIM-a je sodelovanje in izmenjava podatkov in informacij skozi 

celoten življenjski cikel projekta, od zasnove do projekta, gradnje in vzdrževanja. Pogosto se BIM 

nanaša le na segmente, ki se ukvarjajo s stavbami in ne vključuje informacij in podatkov o temeljnih 

tleh. Segment geotehnike je v ospredju vsakega gradbenega projekta. Geotehnične preiskave tal 

predstavljajo enega od prvih korakov pri katerem koli gradbenem projektu, saj zagotavljajo podatke za 

oceno primernosti in izvedljivosti projekta. Proces zbiranja, upravljanja, izmenjave in interpretacije 

podatkov znotraj segmenta geotehnike in geologije ni popolnoma digitaliziran in še vedno sledi 

tradicionalnim metodam. V tej magistrski nalogi je skozi prizmo digitalizacije in BIM opravljen obsežen 

pregled postopkov zbiranja in upravljanja geotehničnih podatkov. Raziskava je predlagala integriran in 

standardiziran okvir za upravljanje podatkov za vključitev in izvajanje načel BIM v potek dela v 

projektivnem podjetju, da bodo geotehnični podatki na voljo, dostopni in izmenljivi v celotnem 

življenjskem ciklu projekta. 
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Abstract: 

Digital Engineering is a new phenomenon that is pushing the Engineering and Construction industry to 

embrace new technology and workflow to update and upgrade the conventional work methods. Though 

"Digital Engineering" is the biggest buzz word in the Engineering and Construction (E&C) industry but 

when it comes to digitisation and investment in digitisation, Engineering and Construction (E&C) 

industry one of the poorly digitised industry of the world. Building Information Modelling (BIM) is the 

tool and process that are linking the E&C sector to the digital world and making a move towards data-

driven engineering approach from the traditional methods. The basic concept of BIM is to collaborate 

and share data and information throughout the whole life-cycle of the project, from conception to design, 

build and maintenance. Often, Building Information Modelling (BIM) relates to work that directly 

corresponds to the superstructure leaving behind the information and data from the ground. The 

geotechnical engineering process is in the front line of any engineering project. Geotechnical site 

investigation is the first course of action for any engineering project to collect the data to evaluate the 

feasibility and constructability of a project. Data collection, management, exchange, and interpretation 

process in the geotechnical and geological engineering sector is not entirely digitised and still following 

traditional methods. An extensive review of geotechnical data collection and management process is 

conducted through the lens of digitisation and BIM in this research project. The research proposed an 

Integrated and Standardised Geological and Geotechnical Data Management framework to integrate and 

implement BIM principles into the workflow on an engineering company where data will be available, 

accessible, and exchangeable throughout the life-cycle of the project. 
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1 INTRODUCTION 

1.1 Background 

1.1.1 What is Digital Engineering? 

The term "Digital Engineering" is the new revolution of the Engineering and Construction (E&C) 

industry. The industry is moving towards the most significant change with the wave of digital 

engineering since the introduction of Computer-Aided Design (CAD) technology [1]. According to 

Aurecon – A leading engineering and design consultancy, the term "Digital Engineering" means  

"The art of creating, capturing and integrating data using a digital skillset" [1]. 

The current movement in the direction of automation and data exchange, known as Industry 4.0, is 

profoundly changing the Engineering and Construction (E&C) industry's view towards adopting new 

technology [2]. The industry is embracing technologies that are changing the decades' long tradition of 

work and project management. Nowadays, engineers are using advanced technologies to create 

drawings, simulations, and 3D models with advanced realistic data in a digitised environment. These 

advanced technologies can update and modify the traditional method of the engineering design process 

throughout the project life cycle. Industry-wide comprehensive digitisation is vital in ensuring a 

competitive edge in the built environment success to create or implement next-generation technologies. 

From planning, surveying, management, and design to budgeting, scheduling, manufacturing and more, 

all data needs to be, collected, processed, and managed in digital format and method. “Change” is often 

met with challenges, and the Engineering and Construction (E&C) industry need to be prepared for this 

upcoming industrial revolution. Though "Digital Engineering" is the biggest buzz word in the 

Engineering and Construction (E&C) industry in recent years but when it comes to digitisation and 

investment in digitisation, Engineering and Construction (E&C) industry remain one of the lowest-

performing sector in the world (see Figure 1) [3].  

According to the survey conducted by Mckinsey Global Institute (see Figure 1), Engineering and 

Construction (E&C) industry found to be the least digitised industry right after the agriculture and 

hunting [3]. In comparison to other sectors; Engineering and Construction (E&C) industry has been 

traditionally slow at adopting technology and digitisation process [4].  

As an industry, it values worth 6% of total global GDP [4] and impacts all of our lives on a daily basis 

by acting as a cornerstone of the economy. By the year 2030, worldwide construction investment is 

forecast to reach $17.5Tn, some 85% greater than 2014 levels [5]. Given the sheer size of this industry, 

even a small improvement would provide substantial benefits for society and the environment. The 

industry is awaiting a big shakeup through technological advancement, and "Digital Construction" is 
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going to be the key to the success of the digital revolution in Engineering and Construction (E&C) 

industry.  

 

Figure 1: Current Situation Of Construction Industry In Terms Of Digitisation [3] 

When it comes to Digital Engineering and Digital Construction, there is a general misunderstanding that 

both terms mean the same. But there are differences. "Digital Construction" uses digital tools to improve 

the practice of delivering and operating the engineering process. In simple terms, digital construction 

depends on the digital engineering actions that are carried through the design phase [6]. Digital 

engineering is about making a move towards data-driven engineering approach from the traditional 

methods. Where in the past 'document' such as drawings, schedules and specifications were written in 

paper, now this same 'document' is being digitally generated from well-structured information models.  

A digital transformation is now taking place in the Engineering & Construction (E&C) industry.  
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1.1.2 Evolution of Digital Engineering 

For many centuries, engineers have had at their disposal of sheets of papers to draw and to construct. 

The traditional method of engineering process has been developed for centuries and remained entirely 

unchanged with time. Usually, an architect or builder was solely responsible for the entire engineering 

project and could be considered as "project database" containing all approved information as well as 

information about identified project issues which must be solved [7]. Modern engineering design and 

drawing practice can probably be traced back to the development of graphic geometry, especially the 

work of René Descartes (1596–1650) and Gaspard Monge (1746–1818) [8]. Engineering drawing began 

to evolve more rapidly in the late 18th century and picked up speed with the Industrial Revolution of 

the 19th century [7].  

The process got digitised after the invention of Computer-Aided Design (CAD) in the latter half of the 

20th century [7]. In 1963, the first computer-aided design (CAD) with a graphical user interface was 

developed at the MIT Lincoln Labs by Ivan Sutherland. It initiated the way for human-computer 

interaction and was a significant breakthrough in the development of computational graphics [9].  The 

formerly called "brick and mortar" industry is entering the digital age after the introduction of the CAD 

systems. CAD systems modernise the engineering process. Instead of drawing on the papers, people 

start to use the CAD program. However, engineer and designer work in CAD on plans of the same 

building and the interdisciplinary conflicts are inevitable. Use of the CAD systems makes the design 

process easier, although it is time guzzling and not always useful [7].  Nowadays, the use of Computer-

Aided Design approach is the most applied tool in the daily work of engineers and architects. The shift 

from manual to digital practices has evolved over the past years and ultimately improving the efficiency 

of the engineering process by improving communications, collaborations, and production. 

The use of a two-dimensional CAD system is nothing but a direct replacement for paper drawings and 

light table, not noticeably changing the whole method [10]. Computer-Aided Drawings (CAD) are 

mostly worked as a 2D graphical representation of the project, which can be converted into PDF format 

for digital communication between project stakeholders. But at the end of the day, the printed form 

remains the primary means of communication in the construction industry  [12]. 

In the last two to three decades, as the graphic technology developed quite progressively, the industry 

moved towards 3D geometric modelling from the 2D visual representations.  Three-dimensional (3D) 

geometric design brings a new era of engineering drawing and analysis. Each 3D model contains basic 

two information: a mathematical representation of the structure of the shape and how it will look in real 

life in terms of colour, textures and with other attributes. Though the 3D CAD system brings a new 

horizon to the working condition of the engineers but as usual by tradition, Engineering and Construction 

(E&C) industry remained reluctant and slow to adopt this new procedure and innovative technology. 

Basically, the E&C industry realised that apart from the visualisation benefits, all the other engineering 
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procedures can be done smoothly with 2D drawings without investing more resources and time adopting 

new technology like 3D modelling. And this was the critical indication for this slow adaptation. CAD 

documents usually exclude the information that is necessary for practical design evaluation and 

construction at the downstream of the design process, such as bid and contract documents, bills of 

materials (BOMs), timelines, specifications, bill of quantities (BOQ), installation and maintenance 

guides. The industry realised that; 3D  modelling has some advance features and has enough potential 

to become a major technology in the near future, but the demand from the Engineering and Construction 

(E&C) industry is something more than just 3-Dimensional graphical representation [12]. 

1.1.3 Building Information Modelling (BIM) & Digital Engineering 

As the technology evolved, data-driven modelling in the form of Building Information Modelling (BIM) 

was introduced to the industry.  The introduction of BIM is a gigantic leap forward from the 2D/3D 

CAD system. The main difference between Computer-Aided Design (CAD) and Building Information 

Modelling (BIM) is the capability to combine information. BIM technology is associated with 

"Intelligent object" of a structure with added data such as spatial data (3D), metadata and information 

related to scheduling and cost (termed 4D and 5D, respectively) rather than the traditional CAD 

representation with lines and arcs [12].  Issa et al., [13] sums up the importance of the move to BIM in 

their article –  

"The transition to BIM is different from the move to CAD because CAD did not significantly alter 

business processes, but simply increased the speed at which centuries-old traditional tasks were 

completed through electronic means".  

The move to Building Information Modelling (BIM) symbolises much more than the simple 

digitalisation of the existing engineering operation. The basic concept of BIM is to collaborate and share 

information through the whole life-cycle of the project, from conception to design, build and 

maintenance [14].  

One of the mistaken beliefs about BIM is, people often thought BIM is a software. Software represents 

only a fraction of the whole BIM system. It is the process that controls and optimise the overall activity. 

The BIM process includes the work practices that utilise the software to make intelligent 3D models, 

manage information dynamically and at the same time improve collaboration, coordination and 

institutional framework that incorporates company's vision and business plan [15]. In the traditional 

work process, the architect, engineer, contractor, subcontractors, facility manager and client work in 

silos. Where, in an ideal BIM environment, everyone involved in a project work together. The process 

increases communication and collaboration at the beginning of a project and brings all stakeholders 

together earlier in the project timeline [15].  
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1.1.4 Geotechnical Data & Building Information Modelling  

Building Information Modelling (BIM) is an essential approach for digitalisation in civil engineering 

for infrastructure, construction, facility, and asset management operation. The use of BIM in the 

engineering project has grown dramatically in recent years. Quite often, Building Information Modelling 

(BIM) relates to work that directly corresponds to the superstructure leaving behind the information and 

data from the subsurface [16].   

Geotechnical data have immense importance in every engineering project. Most of the risks and 

uncertainties of an engineering and construction project arise from the unknown ground conditions. It 

is reported by the National Economic Development Office (NEDO), UK [14] that almost one-third of 

the construction project overruns their schedule by at-least a month due to uncertain ground conditions.  

The diagram (see Figure 2) generated by G. Morin [17], was inspired by Patrick MacLeamy's 'Effort 

Curve' which demonstrates that the decision made at a later stage of the project will incur higher costs 

compared to the ability to lower the expenditure if decisions can be made earlier in the design stage. 

 

Figure 2: MacLeamy's Effort Curve [17] 

This unforeseen scheduling situation is a relatively common phenomenon in the Engineering and 

Construction (E&C) industry that led to overspending in the project. Ground problems are one of the 

primary reasons for this delay. When something happens related to the unknown ground condition at a 

later stage of the project, they are difficult and expensive to resolve [14]. Reducing the risk from the 

unknown ground conditions should be the principal concern of the geotechnical design process. And the 

geotechnical investigation is the way to understand and collect the data about the ground in the first 
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place. Geotechnical investigation is the primary source of information to determine the suitability of a 

site for an infrastructure or building project [18].  

But despite having significant aspect and impact in structural and infrastructural projects, geotechnical 

data are mostly missing from the BIM process. As the whole notion of BIM is to reduce costs by 

identifying risks at the early design stage and reducing it throughout the lifetime of the project, the 

absence of the vital geotechnical data in the BIM ecosystem is quite significant and in turns costly as 

well [19].  

1.2 Problem Statement  

Engineering and Construction sector is a data driven sector and geotechnical engineering sector is at the 

front line of that data collection and management process. Data management is always a big concern in 

the geotechnical engineering sector. Geotechnical data is usually collected from doing field 

investigations and laboratory tests. These data came in various forms and formats. Managing, analysing, 

and transferring all these data smoothly into the downstream engineering process is a difficult and 

complex task.        

There is a clear need to adopt new technology and work practice in the field of geotechnical engineering 

to develop better data management process to improve productivity and efficiency. Addressing this issue 

will have a practical benefit for embracing and adopting new digital process like Building Information 

Modelling (BIM) into the geotechnical engineering sector and contribute to understanding the 

widespread phenomenon of digitisation. 

1.3 Research Objective 

This research emphasis on the importance of digitalisation in Geotechnical Engineering sector. It aims 

to identify the impacts of BIM Principles on geotechnical data collection and management. The specific 

objectives of this research are shown below:  

1. To conduct a comprehensive review of the existing research and previous implementation 

of BIM in geotechnical engineering. 

2. To perform a thorough assessment of geotechnical and geological data collection and 

management process specifically in Slovenian Engineering Industry. 

3. To develop a BIM Implementation Plan to incorporate BIM principles into geotechnical 

data management workflow.  

4. To develop a workflow for integrated geotechnical data collection, management, and 

modelling process. 
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1.4 Research Questions 

To achieve the research objectives, the research project has worked with the following questions: 

1. What is the current situation of the geotechnical data management system and how digitised 

are they? 

2. How is the geotechnical data collected and delivered?  

3. What is the collaboration level between the site investigation contractor and design office?  

4. Has the design office access to raw data from the site investigation to initiate preliminary 

geological modelling work?  

5. How many days did it take for the site investigation contractor to collect, analyse, and deliver 

data to the design office?  

6. Is the data delivered in pdf format or any other format like .xml, .xlsx, .txt, .csv or in AGS file 

format?  

7. Is there any Common Data Environment (CDE) or Central Database system available that has 

access from all the stakeholders? 

8. In the case of geological/geotechnical 3D model, 

a. The delivered data need to modify or not?  

b. Is there any way to update the model dynamically or update need to be done 

manually?   

9. How many work hours it took to modify the delivered data to use it for the design and 

modelling requirement?  

10. Is there any historical geotechnical database available to get information about the previous 

investigation?  

This questions along with all the supporting material and previous research reviews helped to 

conduct the thesis to reach its primary goal, which is to develop a BIM Implementation Plan and 

workflow in order to implement, optimise and digitise the geotechnical engineering process for an 

engineering consulting company.   

1.5 Scope & Delimitations 

The main scope of this thesis is to develop a workflow to implement BIM principles into the 

geotechnical engineering process.  

With the support of ELEA, iC a leading engineering consultancy in Slovenia, the focus of this research 

study is aimed at developing a BIM-based geotechnical data management system and workflow. Also, 

a BIM Implementation Plan is developed in line with the company's business strategy to execute the 

workflow.  
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There are some limitations to this research as well. The data is collected from the supporting company 

and in some cases, some data is also collected from the sub-contracting company who did the site 

investigation for the project. All the data provided by the company are accepted as valid and accurate 

data. The proposed research is intended only for the geotechnical engineering sector. The condition of 

all other related engineering disciplines was not considered for this study. Also, the case study for this 

thesis is designed based on the existing technological capacity and capability of the thesis supporting 

company, ELEA, IC(Slovenia).  
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2 RESEARCH DESIGN AND METHODOLOGY 

2.1 Research Design 

The research design is the general idea of how the research should be related to the research problem 

stated. It provides the framework that specifies the type of information that is going to collected, 

analysed and discussed to reach the research objectives [20]. Some authors describe research design is  

"The blueprint that is followed to complete the study and ensure that the study is relevant to the 

problem".  

Research design is categorised into two major groups: Exploratory and Conclusive.  

Exploratory and Conclusive Research Method 

Exploratory research is defined as research applied to explore a problem which is not evidently defined 

yet, or its scope is still uncertain. It allows the researcher to have a better understanding of the existing 

problems or concept but will not provide conclusive results [21].  

On the other hand, conclusive research is designed to provide information, that is beneficial in reaching 

a conclusion or decision making [22].  

Qualitative and Quantitative Research Method 

'Exploratory' research is associated with 'qualitative analysis' whereas 'Conclusive' research is linked 

with 'quantitative analysis' [23]. The qualitative research helps to understand hypothesis, concepts, 

thought or experience. This type of research provides insights on topics that are not yet analysed [24]. 

On the contrary, quantitative research practices to quantify the data and generally applies to test or 

confirm theories and assumptions [24].   

2.2 Research Method Adopted  

'Exploratory' research method is followed to conduct this research study. The choice of exploratory 

research method inevitably makes the 'qualitative analysis' approach most suitable as well. 

The research problem in this thesis is clearly the poor condition of digitisation in the field of the 

geotechnical data management process and slow adaptation of digital technology like Building 

Information Modelling (BIM) in the geotechnical sector.  

This research design is suitable to explore the impact of the new technological process like BIM in 

geotechnical engineering compare to the traditional work processes. 
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2.3 Case Study 

A case study is developed in association with Elea iC (Slovenia), an engineering design consultancy 

based in Slovenia to test and implement the acquired knowledge in this research.  

The goal of the case study is to develop a workflow to implement a BIM-based Geotechnical Data 

Management System to improve the existing work-process. 

2.4 Data Collection Method  

Data was collected from various sources for this study. On every step of the data collection procedure, 

it was kept in mind that, the validity and reliability of the collected data will have an impact on its value. 

All the data that was received for this thesis was checked adequately with sources for copyright 

infringement, stored in a secure place for cross-checking, and an appropriate reference schema was 

followed while using it.  

2.4.1 Document Analysis/Literature Review 

Literature review for this thesis is conducted to address research problems and questions by exploring a 

range of documented material and published documents which includes academic publications, industry 

and international organisations reports, written articles, articles published in online/offline magazines, 

blog, forums and websites.  

In this thesis, the literature review is a significant source of background information. It is aimed to 

establish a theoretical understanding of the current condition of digitisation in the engineering industry, 

specifically in the geotechnical engineering sector.  

In the first part of this thesis, literature review delivered a clear context of digital engineering, how it 

evolved to Building Information Modelling (BIM) and an overview of the condition of geotechnical 

engineering and Building Information Modelling (BIM). This information provided a strong background 

argument for the thesis to proceed further. After that, a brief description is presented, focusing on 

Building Information Modelling (BIM) and the importance of BIM in engineering.  

Later, a comprehensive review of data, the importance of data and data management, the geotechnical 

data collection process is conducted to identify the current industry status and establish research needs 

and demands. Examples of implementations of BIM methods in the geotechnical engineering process 

are also reviewed and analysed. The knowledge gathered from this review worked as a solid foundation 

for further analysis to achieve thesis objectives. 
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2.4.2 Semi-Structured Interview 

A semi-structured interview is a way of investigation implemented most frequently in qualitative 

research. The procedure follows an informal and open-ended interview tactic in order to address key 

themes rather than a specific set of questions which at the end allows a certain degree of flexibility to 

the interviewee and also to the interviewer [25].  

In this study, this method was used to ask questions to the engineers working at the company that is 

associated with this thesis. The main target of the interview session was to gather information related to 

the thesis question mentioned in chapter 1.4. The data collected from the interview sessions helped 

review the current working practice related to geotechnical data collection, management, and modelling 

process. The insights from the interview session helped to achieve the research objective number 2.   

2.4.3 Data Collection from the Company (Elea iC) 

A large volume of data is also collected from the associate company Elea iC to conduct the case study 

analysis. This collection of data includes:  

• Project details 

• Geotechnical field test data 

• Geological 3D model 

These data were reviewed and analysed to establish the new workflow and BIM Implementation Plan 

to reach the thesis objective 3 and 4.  
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3 KEY DEFINITIONS 

3.1 Building Information Modelling (BIM) 

Professor Chuck Eastman proposed the concept of BIM at around 1974. Initially, he termed the concept 

as "Building Description System (BDS)" with representation based on objects containing information 

[26].  

Quite a few definitions are frequently associated with the BIM acronym. While there is a general 

agreement on expressing that "BI" stands for Building Information, the "M" is often associated to 

various interpretations, the most popular being Model, Modelling or Management [27].  

There are many definitions of Building Information Modelling (BIM). The National Building 

Information Model Standard Project Committee [28], in the USA, defines BIM as:  

"Building Information Modelling (BIM) is a digital representation of physical and functional 

characteristics of a facility. A BIM is a shared knowledge resource for information about a facility 

forming a reliable basis for decisions during its life-cycle; defined as existing from earliest conception 

to demolition." 

According to the British Standard Institution (PAS 1192-5:2015) [29], BIM is defined as  

"Discrete set of electronic object-oriented information used for design, construction and operation of a 

built asset." 

Another definition of BIM was provided by NBS [30] and according to them  

"BIM or Building Information Modelling is a process for creating and managing information on a 

construction project across the project life-cycle."  

These definitions can illuminate the basic characterisation of the concept of Building Information 

Modelling (BIM), which is sharing information in a structured, intelligent, and effective way [31].  But 

there is a common misconception about BIM. People often misunderstood that BIM as an updated 3D 

CAD system. BIM is not just three-dimensional CAD. On the contrary, BIM is an idea that involved the 

generation and management of physical and functional attributes of a building, infrastructure, or a place 

in a digital form [32].  

3.2 BIM Implementation Plan  

BIM Implementation Plan is the strategy roadmap to implement BIM principles in an Organisation. It 

is a systematically structured approach to effectively introduce BIM methodologies, processes, 
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information standards, standard project roles and technologies in an organisation in a defined period of 

time [33].  

3.3 Workflow 

A workflow is a series of tasks that processes a set of data to complete a specific task repetitively and 

regularly [34]. Whenever data is passed in a structured and systemic way between humans and/or 

systems, a workflow is generated. The workflow should not be confused with a one-time assignment or 

a project. The keyword here is "series" and "repeatable". It is a string of tasks that happen in a series and 

a routine basis [35]. 

3.4 Data 

According to the Merriam-Webster dictionary [36], Data is defined as a 

"1. factual information (such as measurements or statistics) used as a basis for reasoning, discussion, 

or calculation  

2. information in digital form that can be transmitted or processed."  

Some researcher described Data as a representation of facts, ideas or commands in a formalised manner 

suitable for interaction, interpretation and analyse  [37].  

Data is a raw and unorganised fact that needs to be processed to be meaningful. 

3.5 Information 

Merriam-Webster dictionary [38] defined Information as  

"Knowledge obtained from investigation, study, or instruction." 

In other words, information is the set of data that has been processed and analysed [39]. Once data is 

processed in a structured and meaningful way, it becomes useful and reliable information.  

According to Brent Dykes [40], information is  

"Prepared data that has been processed, aggregated and organised into a more human-friendly format 

that provides more context. Information is often delivered in the form of data visualisations, reports, 

and dashboards." 

3.6 Difference Between Data and Information 

The meaning and value attached to data and information define the fundamental distinction between 

themselves. Information is the set of data that has already been processed, analysed, and structured in a 
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meaningful way to become beneficial [41].  On the contrary, data itself has no meaning. It is described 

as a 'raw' data, which means a collection of texts, numbers, and symbols with no context.  Data need to 

be stored, process and analyse according to the project requirement to become valuable information [42] 

(a)  (b) 

Figure 3: An Excel Logbook of borehole data, an example of data in engineering (a) & a Borehole log 

information, an example of information in engineering (b) [43] 

Figure 3(a) shows a logbook of borehole data collection from a particular location. This data presented 

in a way that; it just illustrated some number in a tabular form without any context. It only exhibits dates, 

borehole identification number and associated water level. But the information like where is the location 

of these boreholes or why data of water level was collected is missing from that presentation. That is 

why data is labelled as "raw data". The term "raw data" is used to characterise data in its most basic 

digital format.  

On the other hand, comprehensive information of a borehole is presented in Figure 3(b) which shows 

all the collected data in a structured way that gives a clear description and context of that particular 

borehole. For that reason, Figure 3(b) considered as information and Figure 3(a) considered as data. 

Information is generated from the data that is collected for a particular purpose. It creates meaning and 

enhances the reliability of the data [44].  

Another important feature of data is that it's isolated and does not depend on any other notion to exist, 

where information only exists because of data and is entirely dependent on it [41].  
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Figure 4: Data-Information Pyramid [45] 

Figure 4 shows that data is the foundation of the knowledge pyramid. In this pyramid scheme, it indicates 

that data creates information, information produces knowledge and knowledge delivers strategic success 

[45]. 'Data' and 'Information' are interconnected. Good data creates good information. Without data, 

there is no information nor any knowledge. The purpose of processing data and transforming it into 

information is to assist organisations in making informed decisions that lead to productive results [39].  

3.7 Data Management  

Data management is a subdivision of information management. Information management is  

"The collection, storage, curation, dissemination, archiving and destruction of documents, images, 

drawings and other sources of information" [46].  

On the other hand, data management refers to the practice of creating, obtaining, transforming, sharing, 

protecting, documenting and preserving data as a valuable resource [47].  

According to DAMA International [48], the organisation of data management professionals defines data 

management is the 

 "Comprehensive collection of practices, concepts, procedures, processes, and a wide range of 

accompanying systems that allow for an organisation to gain control of its data resources. Data 

Management as an overall practice is involved with the entire life-cycle of a given data asset from its 

original creation point to its final."  

Knowledge

Information

Data
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The procedure of data management involves file naming conventions and documentation of raw data. 

The process also makes sure that all data is readily accessible, accurate, comprehensive, and protected 

[49].   

3.8 Data Standardisation 

Data Standardisation is the process of bringing data into a common format that allows collaborative 

work and analysis within different platforms, technology, and methodologies. It is a process that 

transforms variable datasets into a common data format based on use cases and ensures that all the 

following activity is performed in a consistent way [50]. 

3.9 Common Data Environment (CDE) 

A Common Data Environment (CDE) is a collaborative system that has access to all the stakeholders 

within a project and used by all the stakeholder according to their duties and responsibilities under 

clearly prescribed protocol and standards.  It is an online place or platform to collect, store, manage and 

organise data and information in a BIM process [51].  

According to "The Designing Buildings Wiki" [52], CDE defined as,  

"The common data environment (CDE), is the single source of information used to collect, manage and 

disseminate documentation, the graphical model and non-graphical data for the whole project team (i.e. 

all project information whether created in a BIM environment or in a conventional data format). 

Creating this single source of information facilitates collaboration between project team members and 

helps avoid duplication and mistakes." 

3.10 BIM Ecosystem 

The definition of BIM ecosystem is described by author Ning Gu, Vishal Singh and Kerry London on 

their article 'BIM Ecosystem: The co-evolution of products, process and people' [53]. According to them   

"BIM as a systemic innovation entails interdependencies between technological, process, and 

organisational/cultural aspects, requiring innovation across the Engineering and Construction (E&C) 

industry. These mutual dependencies across the different aspects have created a BIM ecosystem in which 

BIM-related products, processes, and people form a complex network of interactions, influencing one 

another, determined by factors that are internal as well as external to the E&C sector. " 

3.11 Geotechnical Site Investigation 

Geotechnical investigation is the way to acquire geotechnical data from a specific project location [54]. 

Geotechnical site investigation evaluates and identifies the physical and mechanical properties of soil 
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and rock. The purpose of a geotechnical investigation is to examine the geological condition of the 

ground to identify potential problems to provide recommendation and parameters for further design and 

construction[55]. The design scope of site investigation depends on site-specific conditions, anticipated 

geology, historical information, and the construction proposal. 

The Association of Geotechnical and Geo-environmental Specialists (AGS) UK "Guidelines for Good 

Practice in Site Investigation" [56] states that 

"An early investigation allows the identification of any ground-related risks associated with a 

development so that they can be effectively managed and associated costs controlled".  

It also said that [56], 

 "Site Investigation should be seen as an investment which has the capacity to optimise design and hence 

add considerable value to a project." 

Zhang et al. [54] mentioned that geotechnical data usually collected from three main ways in a standard 

investigation, and they are:  

1. Desk studies 

2. Boreholes, trenches, and test pits   

3. In-situ and laboratory tests.  

In theory, site investigation should include the study of the site history, environment, interpretation and 

analysis of available and collected geological data, making recommendations on the 

favourable/unfavourable locations or alignments, and prediction of potential risks [57].  

As a result, a large volume of geotechnical data usually gets collected from the investigation. For large 

infrastructure projects, the volume of collected data from the site is even more extensive. This sheer 

volume of data has increased the need for a proper and effective data collection and management process 

[54].  

3.12 ASCII File 

According to the webopedia [58], “ASCII is the acronym for the American Standard Code for 

Information Interchange. It is a code for representing 128 English characters as numbers, with each 

letter assigned a number from 0 to 127. Text files stored in ASCII format are called ASCII files”.  

For example, the ASCII code for uppercase A is 65. 
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4 STATE OF THE ART REVIEW 

4.1 Brief Overview of Building Information Modelling (BIM)  

4.1.1 Principles of BIM 

The fundamentals of BIM lie in co-operative working, data sharing and full life-cycle of data 

management [31]. It is a radical approach to engineering, construction, and maintenance operation.  

According to Gary Morin [17], BIM has three main principles, (see Figure 5). The details are in below:  

 

Figure 5: BIM Principles [17] 

• Process: BIM involves approved and repeatable practices, methods, and workflows, to allow 

data and information to be quickly captured, processed, managed and shared  [17]. 

• Collaboration: Collaboration is one of the fundamental principles of BIM. BIM allows 

dynamic cooperation between all the project stakeholders. Most of the benefits of BIM achieved 

by visualising and analysing data in context with information from various disciplines across 

the project. This collaboration ensures engineers see the big picture and helps make informed 

decisions  [17].  

• Whole Life: BIM is able to take care of the project throughout its complete life-cycle. BIM is 

not just for use during the inception or during the construction phase. BIM manages the project 

for its whole life. Data and knowledge collected over the life of the project so that it can be 

reused and refined. In a non-BIM environment, information is often missed and needed to be 

ProcessProcess

Whole LifeWhole Life

CollaborationCollaboration
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reproduced at each stage of the project. By managing data and knowledge, it can be used 

throughout the life of the structure and in future projects [17].  

4.1.2 Benefits of BIM Principles in Engineering and Construction 

The widespread growth of BIM is mainly due to the benefits in terms of cost and time savings which 

vows to speed up construction, improve collaboration among different stakeholders and reduce the 

possibility of unknowns and risks for all project participants [59]. BIM uses intelligent model enriched 

with information that enables visualisation, simulation, and collaborations between the project team.  

The benefits of BIM are immense in the Engineering and Construction (E&C) industry.  According to 

Charlie Cropp [59], the benefits of BIM can be categorised in 4 groups and these are:  

• Team collaboration and workflow efficiency: BIM models allow real-time information 

sharing, collaborating and versioning between all the participants involved in a project that 

traditional paper-based system cannot deliver. With the help of database or cloud-based storage, 

the BIM ecosystem allows all stakeholders to have insights about the project seamlessly. 

Everybody engaged in a civil engineering project, from the architects to the construction 

managers, always stays informed on the smallest change in the design process. As a result, all 

the specialists are able to access the information without the requirement of duplicating the data, 

which makes coordination and management far easier than with traditional design methods and 

increase the efficiency of the project significantly [59].  

• A platform for visualisation and simulations: BIM technologies enable project planning and 

visualisations of the entire project even before a single brick is laid on the ground. BIM 

simulations can also allow engineers and clients to visualise their projects in real-world 

situations which facilitates early modifications and thus minimise the time and cost to do clash-

detections at a later stage of the project.  

The 3D models are enriched with information that can be used for computer simulation program 

for visualisation and analysis needed by the architectural, structural, and mechanical engineers 

at different stages of the design and construction phases [59] 

• Effective Clash detection & risk mitigation: BIM platform allows effective coordination 

between designers, contractors and subcontractors. The BIM system helps engineers and 

designers to detect early clashes between electrical, civil, mechanical and plumbing works. It 

reduces the number of repairs or reconstruction works [59]. In the construction industry, where 

35% of costs are accounted by material waste and remedial work [60], using BIM to reduce the 

costs of doing reworks and increase the productivity can have impactful gains. 

• Assessment throughout the life-cycle of the project: The information in a BIM model is not 

just useful during the pre-construction and construction phase; it enables smooth operation of 
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the facility maintenance even after the construction of the project. This allows engineers to 

access the information during any need and helps themselves familiarise with the structure and 

its facilities more accurately. The information in a BIM model can be updated throughout the 

life-cycle of the project and continue to provide relevant and useful information to anyone 

requesting to upgrade, repair or renovate the facility [59].      

4.2 Brief Overview of Digital Data  

4.2.1 Importance of Data in Engineering & Construction (E&C) industry 

Data is the root of all engineering process. It has significant value in all aspect of a project life-cycle. 

From the inception of a project to the demolition, engineers rely on data and information. Data is 

everywhere. In fact, an article published by The Economist branded data as the "New Oil" of the modern 

era [61].  Every day, in general, the world creates 2.5 quintillion bytes of data – enough to fill 10 million 

blue ray disks.  [62].  

To put that into perspective, if those disks stacked on top of each other, the height of that will be four 

times higher than the Eiffel Tower. The Engineering and Construction (E&C) industry have its fair share 

in creating data in abundance. The E&C industry is accountable for undertaking some of the largest and 

most expensive projects on earth. Massive amounts of resources and work go into major construction 

projects which ends up by generating huge volumes of data. The engineering and construction 

companies are using this colossal amount of data to execute a broad range of tasks, including detecting 

risks early, making proactive decisions, and tracking projects to assess which practices are trending 

within their businesses [62].  

The significance of data in the Engineering and Construction (E&C) industry can be understood from 

the following example.  

In 2016, Skanska, leading construction company, started using sensors to track their employee, 

equipment, and material movement. It found that workers on site were walking up to six miles a day to 

procure equipment and materials. By tracking site workers location and movement data and comparing 

that information against worker activity data, Skanska was able to reconfigure the construction site to 

optimise the positioning of workers, equipment, and resource movement. As a result, the movement and 

walking of on-site workers were reduced by one third and thus boosting productivity by roughly an hour 

per worker per day [63]. 

This is just one example of using data to increase the efficiency and productivity of the engineering and 

construction company. Data and the management of the data is a continuous struggling concern for the 

E&C industry.  
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Shen et al. [64], mentioned that the lack of proper and effective data management system in Engineering 

and Construction (E&C) industry creates difficulty in accessing accurate data, information and insights 

in time. Most of the time, the vast number of digital documents produced during the planning and 

conceptualisation of an engineering project are neither stored nor linked to each other. Time to time, 

important data gets lost during the process, which forces the system to collect and re-enter the data into 

the system again. This leads to a considerable amount of waste in terms of time, human resources, 

money, and overall efficiency.  

The industry has been facing a paradigm shift to increase productivity, and efficiency at the same time 

to reduce the life-cycle costs and project timeline without deteriorating the quality of the entire project. 

In any building and infrastructural project, all related data and information are of great importance for 

the overall project success. The more complicated the project, the more critical it is to monitor the data 

process [65]. A single data source and an active data management system improves the efficiency of the 

project team and minimises the error which reduces the rework process drastically.  

A well-managed data is [66]:   

• In the right place: Stored in a secured place and can be moved between different 

platforms. 

• At the right time: Data can be accessed in real-time and helps take the right decision 

at the right time.  

•  Has the right format: Data should be checked, validated, and standardised.  

• Sharable: Data should be allowed to access by all the required stakeholder to get 

insights.  

The Engineering and Construction (E&C) industry is a data-driven industry and finding value in data is 

becoming crucial for the successful implementation of the engineering design process. To collect and 

process the vast amount of data that the E&C industry produced on a daily basis, engineering companies 

require to incorporate a dynamic 'Data Management and Collection System' which is a combination of 

technologies, procedures, and tools that assemble and distribute data and information needed to make 

right decisions at the right time. 
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4.2.2 BIM and Digital Data 

BIM has become a valuable tool with plenty of advantages for the Engineering and Construction (E&C) 

industry. Engineering projects that are utilising BIM have a better chance of success in terms of 

productivity, effectiveness value and management for every stage of the project life-cycle and beyond. 

Data is the centre of the BIM Process. Digital data is the core enabler of the whole Building Information 

Modelling (BIM) process that lets the advantages of BIM to be reached into its zenith [67].   

The report published by McKinsey & Company about the future of digital engineering and construction 

[3] claims that 75% of companies that have adopted Building Information Modelling (BIM) in their 

daily work procedures reported positive returns on their investment with shorter project life cycles and 

saving on paperwork and material costs.  It can be said that utilising BIM in the Engineering and 

Construction (E&C) industry caused quality work with greater speed and productivity and at the same 

time it minimises the total cost of the building operations in terms of design, construction and 

maintenance.  

To extract the full benefits of Building Information Modelling (BIM), it is important to collect and 

manage data from all the parties involved in the project in all the phases. Building Information 

Modelling (BIM) is becoming the single most reliable source to share data in design and construction. 

It can provide different objectives depending on the phase of a project, and if updated properly and 

dynamically, the BIM model can gather more and more data from the different stages of the project [3].  

Basically, the success of the Building Information Modelling (BIM) depends on the smart gathering and 

managing of information. And that information comes from the data that engineers, designers, and 

construction professionals collect throughout the project life-cycle. To put it briefly, it can be said that 

Building Information Modelling (BIM) is in-fact 'Data Modelling' [3].   

4.3 Brief Overview of Data management 

4.3.1 Principle of Good Data Management 

Intra-governmental Group on Geographic Information (IGGI), UK, identified the main activities 

involved in Good Data Management. The main goal of the IGGI, UK guidance is to advise on managing 

data as a valued resource [68]. The principles are:  

• Data Policy 

• Data Ownership 

• Data Documentation 

• Data Quality, Standardisation & Harmonisation 

• Data Life-cycle Control 
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• Data Stewardship 

• Data Access & Dissemination 

 

Figure 6: Principles of Good Data Management [68] 

Figure 6 exhibits the activities that needed to be checked and maintained for a good data management 

system. The diagram represents the layers of requirements that needed to be performed to move from 

one step to another to accomplish a better data management.  

Firstly, a data policy is needed to be set up to define the data ownership. That data ownership will allow 

the organisation to start documenting the data. Once the documentation process is started, then it is 

required to set up a standardisation procedure to improve the data quality and harmonisation within the 

existing system. Like this, each layer of activity is needed to be performed for a good data management 

system.  The details of the activities are:  

• Data Policy: The first step for a good data management is to establish organisational data policy 

which includes – the specific reason for data collection, the goal of data management and the 

usage framework [68].  
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• Data ownership: One of the main attributes of a good data management system is clear 

identification about the proprietorship of the data that is being managed. Usually, the 

organisation who commissioned the collection of data is the owner. The data owner has legal 

rights, intellectual property rights and copyrights over the data even where the data were 

collected, collated, or distributed by another party [68].  

• Data Documentation: All datasets should be identified and documented to expedite their 

following identification, management, and usage, and to avoid collecting the same data more 

than once [68]. As Dr Roger Chandler once said [43],  

"Only Enter Data Once and Get Someone Else to do it." 

Proper data documentation also helps to trace back any anomalies in the data sets.  

• Data Quality, Standardisation & Harmonisation: Good Data Management also ensure the 

quality of data that is collected, managed and suitable for further exploitation. It is crucial to 

establish the level of data quality within the data management system that is required for the 

various decision-making process. To capitalise on the potential and use of datasets, data owners 

should: 

• Use standard data definitions and formats 

• Define quality standards and apply the appropriate validation processes to each dataset. 

• Adopt formal Query and Change Management procedures. 

• Data Life-cycle Control: Good Data Management system involves the whole life-cycle of data 

to be managed carefully [68]. From the time data is collected or acquired until the end of a 

project and even beyond, the data owner needs to have a clear understanding of how the data is 

being managed in order to sustain the data quality and value [69]. It is also important to ensure 

that data is archived and maintained adequately until it is no longer needed and need to be 

deleted [68].  

• Data Security: Data security is an industry-wide important issue. Especially in the current 

digital era, organisations must ensure appropriate and standard security protocol in the 

management system to keep the data safe. This includes technological security procedures 

alongside observing best management practices regarding user access and authority to access 

various types of data within the system [69]. 

• Data Access & Dissemination: Organisations should establish a clear framework about who 

gets access to the data and at what capacity. Access to data should be granted to persons that 

only involved with the organisation or in the case of third-party access, the right to use data can 

be agreed upon and subject to in line with organisation's strategy and policy [68].  
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Contrary to the common belief, a data management system is not a simple database system. It is indeed 

a comprehensive system where it integrates database as a tool with data collection procedure, to a 

workflow that defines how the data is going to be used in the downstream operations of an organisation. 

These principles provide a foundation for building a strong, consistent, and unified data management 

system with the integration of software, hardware, and workflows. 

4.3.2 Benefits of Data Management 

In theory, ideal data management requires a single source of all collected data that governed actively, 

stored securely, and available to its stakeholders in real-time. Data impacts everyone in the project life-

cycle. An integrated data management system with state-of-the-art technological support can deliver 

data that is easy to understand and easy to share between partners. That will ensure that data isn't only 

accessible but also actionable [70]. 

The benefits of data management are:  

• Improved Efficiency: The value of information is only as good as the source, and data is the 

source of all the information. If data is collected, managed, updated properly and is accessible 

to the involved parties in real-time, it will help the engineering and construction company to be 

more informed and help to achieve better performance. At the same time, if the data is inaccurate 

and mismanaged, it can waste time and resources.  

• Quality Improvement: A good data management system improves the quality of the data that 

is produced, collected, and managed by an organisation. Therefore, required data can be 

obtained quickly from searching, which can aid to faster and improved decision-making policy 

[71].  

• Cost-Effective: A structured data management system helps to get rid of unnecessary data 

duplication. By storing and making data accessible and referable, it ensures data owning 

organisation a cost-effective solution for data mining [71].  

• Reduce Risks: An effective data management system reduces the risk of losing vital and 

valuable information by backing up the data in a secondary source. Thus, save the company a 

huge risk of losing data on critical time [71].  

• Learning from Historical Data: Historical data has a great impact on the engineering and 

design industry. Every day the industry generates a lot of data. With the help of a good data 

management system, the engineering and construction company can have a better insight of a 

project location early in the inception stage and assess the value based on the historical data.  

Learning from the historical data and insights will surely save time to make critical decisions 

and bring value to the project life-cycle. [71].  
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4.3.3 Present State of Data Management in Industry 

Data collection and its proper management is a big concern for this industry. Figure 7 indicates the 

current condition of data management in E&C industry [72].  Everyday this industry creates abundance 

of data but unfortunately 96% of this data remained unused. The info-graph also depicts that, most of 

the collected data is not properly stored; some even got lost during the process. As a result, all the 

collected data are hardly used for further analysis and most importantly it is really time consuming to 

search for the required data from the sheer volume of stored data. For a data driven industry like E&C, 

it is a huge waste of resources, time and at the end - money.  

So, a single source of project data that is properly collected and managed, easy to use, has easy access 

among stakeholders, standardised and secure is going to increase the overall work efficiency and 

decrease the wastages.  

 

Figure 7: Current Industry Condition on Data Related Issues [72] 

4.3.4 Data Management and Building Information Modelling (BIM) 

Data is everywhere but managing that data is the hardest part, especially in the Engineering and 

Construction (E&C) industry. Investing in effective data management system was not given high 

precedence before. It is crucial to improve the data management process to turn data into a valuable 

resource for the industry. The future of E&C industry is driven by a holistic, digital approach of 

information and data management. An integrated approach in data management helps engineering and 

construction professionals to improve project management strategies, procurement method and overall 
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control in project planning and execution. Combining on-site and off-site data collection and 

management process between all the stakeholders is already a big challenge in this industry. The 

challenge is even greater if the on-site data management system still depends on traditional paper-based 

documentation.  Industry experts identified that construction site workers were losing on average 

5.5hours in a week just looking for the right information on the job site [70].  

For an industry which is heavily labour and human-resource oriented; the lack of accessibility of the 

right information at the right time is a great concern and a major cause of inefficiency.  Data management 

in the design and construction phase is comparatively a small part of the total project life cycle but the 

right data can significantly improve the design and management of the infrastructure.  

A digital project model enriched with data, generated throughout the development phase can support 

any future change and modification after the handover of the project. A detailed digital model 

incorporate with proper data input and management strategy makes any infrastructural project more 

efficient and successful in terms of saving money and time from the cradle to the grave of that project 

[73].  

Building Information Modelling (BIM) is playing the key role to integrate and manage the enormous 

amount of data produced by the E&C industry. Building Information Modelling (BIM) is all about 

sharing and managing information. The "B" in BIM Stands for Building. The journey from physical 

scaled models to Computer-Aided Design and then from 2-Dimensional graphical model to 3-

Dimensional informative model can be considered as the development of the "Building" modelling 

period.  Now it moved passed the B (Building) in BIM and are in the stage of information and data 

management [73]. 

BIM revolutionised the way the industry share project information and collaboration. In an ideal BIM 

environment, data is open and accessible to its stakeholders across the project life-cycle. This digital 

movement makes the importance of data, and data accuracy along the BIM streamline is the biggest 

challenge [73] in the E&C industry.  

To obtain the full BIM capacity in the Engineering and Construction (E&C) industry, a digital flow of 

information from design to operation, management and demolition must be represented within the BIM 

model. At the same time, a structured data management system based on BIM principles needs to be 

created to allow design, construction, and facility management professional to update and revise the data 

continuously and consistently [73].  

Till now, the focus of the Building Information Modelling (BIM) circled around the information 

management at a document or model level. But it is important to recognise that data is as important as 

the model. A well-structured data collection, management and implementation process can stimulate the 

full advantage of the BIM process, and at the end, it will deliver better design, better construction 
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coordination, accurate information at handover, efficient facility management and more importantly 

financial rewards at each step of the project life span [73].  

 

4.4 Brief Overview of Common Data Environment (CDE) 

 

Figure 8: Basic Concept Of CDE [74] 

Figure 8 shows the main theme of Common Data Environment (CDE), where a data cloud act as a 

nucleus of the engineering project. Compare to the traditional work process where everyone involved 

need to contact each other for the required information, in a CDE based system, everyone gets the desired 

data and information from one single source. From the definition of CDE it was established that, CDE 

is that single source.  

4.4.1 Characteristics of a Good CDE 

Figure 9 illustrates the key characteristic of a good Common Data Environment (CDE) [75]. The details 

are:  

• Easy to Use: As CDE is the single source of information of a project so it should be easy to use 

so that everyone involved in a project can use it properly.  

• Accessible: Usually CDE systems are online cloud based, this allows stakeholders to get access 

freely without being present in an office. This attribute increases the overall productivity of a 

project because people can pass the information in real time through CDE.  
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• Integrated: A CDE must work with other related technological systems, process, and 

workflows. The objective of using CDE is to create a circular information movement to increase 

the collaboration process.  

• Standardised: A CDE is a standardised system. That means it follows a standard protocol of 

input, output and sharing mechanism.  

• Secure:  A Common Data Environment (CDE) is a secure place for storing confidential 

project documents and information. It also keeps track of users’ information so that in any 

unfortunate events it can trace back and solve the problems. 

 

Figure 9: Characteristics of CDE  [75] 

4.4.2 Benefits of CDE 

The benefits of using CDE are:  

•  Reduces the time spent on searching and sharing for required information.  

•  Enhance the coordination, collaboration, and cooperation between stakeholders 

•  Improve the quality of data management, data transparency, and the overall work process 

•  Decrease the risk of data loss and rework process.  

SecureStandardisedIntegratedAccesibleEasy to Use 
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5 GEOTECHNICAL DATA COLLECTION AND MANAGEMENT PROCESS 

5.1 Importance of Geotechnical Data 

Site investigation data help engineering professionals defining the probable effects of the earth on a 

man-made structure at the site.  The collected data is analysed and design requirements for foundations, 

earth retaining structures, earthworks and soil grading are developed. Since data about the type of soil, 

total quantities available and the location of the material are the key factors to the engineering works, 

the highest accuracy in geotechnical and geological investigations is of great importance. The quality of 

geotechnical data is vital to understand the ambiguity and unusual subsurface conditions before the 

beginning of a project as opposed to being surprised in the mid-project [76]. The possibility for 

encountering financial and time losses can be astronomical for a project if the ground investigations are 

not properly carried out and properties of the soil and rock are not adequately identified.  

Goldsworthy et al. [77], mentioned that inadequate ground investigation data is one of the main concerns 

for foundation failure in construction, which can cause significant cost overruns and delay the project. 

"Foundation Failure" is just one of the many geotechnical ground failures that can cause catastrophic 

disaster to any infrastructural and building project. Other ground failure instance can be categorised as 

landslide, slope failure, settlement and many more. This is the magnitude of the role of geotechnical 

data in an engineering and infrastructural project.  

The quality of geotechnical data, the collection process, along with the effective data management 

system is the initial step towards curtailing the uncertain behaviour of the ground. Uncertainty is part of 

the engineering decision making process. All engineers deal with uncertainty and unknown factors while 

designing and constructing. Though from the geotechnical and geological point of view, the risk factor 

is significantly higher in dealing with these uncertainties. Einstein and Baecher [78] on their article 

penned down about it concisely,  

"In thinking about sources of uncertainty in engineering geology, one is left with the fact that uncertainty 

is inevitable. One attempts to reduce it as much as possible, but it must ultimately be faced. It is a well-

recognised part of life for the engineer. The question is not whether to deal with uncertainty, but how?"  

The collection and dynamic management of detailed geotechnical data is the basis of a successful ground 

engineering operation. The collected data is stored, managed, validated, and analysed to understand the 

ground condition and derive the soil parameter as an input for the downstream engineering design 

process. The Engineering and Construction (E&C) industry has shown tremendous technological 

advancement in analysis and design, but most of the time this road to triumph gets compromised by poor 

quality collection and management of subsurface data[79].   
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T.R Stacey on her article "Design – A strategic Issue" [80] explained that the engineering design process 

as a cycle consists of 10 steps. She also divided these ten steps into two categories, "defining the design" 

and "executing the design", with an iterative relationship with the implementation step. The engineering 

design cycle model by T.R Stacey is exhibited in the following Figure 10. 

 

Figure 10: Engineering Design Cycle [80] 

According to this cycle, geotechnical data collection is an integral part of the "defining the design" 

category within the group "uncertainty minimisation". And the key to minimising the uncertainty lies in 

the quality of data collection and management procedure  [80].  

A robust data collection and management process combining with suitable software toolsets to visualise 

and analyse is important for generating the maximum value and understanding of the data, including 

limitations. Incorporating and visualisation of geotechnical data in the 3D model provide a clear context 

and perspective to understand the spatial relationships of the data. Stephen Few, a world leader in the 

field of data visualisation, told that [81],  

'Numbers have an important story to tell. They rely on you to give them a voice.' 

Data is just a collection of numbers that gets collected from the ground investigation. Data visualisation 

is the way to describe the narrative of that ground geology and properties. 3-Dimensional BIM modelling 
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is the tool that helps engineering data to manage and visualise. Three dimensional geotechnical and 

geological model can identify the key gaps in the information. It can also emphasis on whether to 

conduct a further investigation or not. Understanding the collected data with a clear perspective and 

addressing the information gaps in the early stages can significantly increase productivity and reduce 

the risk of surprise later as the project progress.  

The world is being transformed by new and effective ways of collecting, sharing, analysing, and 

monitoring data. But the importance of geotechnical data is considerably undervalued and not fully 

utilised for the decision-making process. The data is collected nonetheless, but few efforts have been 

given to store and appropriate management of that collected data. It is stored primarily for compliance 

reasons rather than manage in an integrated way so that it can be shared between the stakeholders and 

actively mined for information to use it throughout the project lifetime. A dynamic geotechnical data 

collection and management system enriched with a 3D model can significantly increase the value of 

geotechnical data in the design and decision-making process.  

5.2 Traditional Method of Geotechnical Data Collection 

Geotechnical investigation is a lengthy, manual and rigorous process [54]. The traditional method 

involves a third-party contractor to conduct the site investigation on behalf of the design consultant [14]. 

A successful site investigation operation is carried out by the joint effort of a geotechnical engineer and 

the ground investigation service provider [57]. The geotechnical engineer is responsible for designing 

the investigation site from where and how the data is going to be collected, and the investigation 

contractor is responsible for providing reliable factual data from the investigation [57]. After the 

completion of the laboratory tests and fieldwork which involves in-situ tests and sample collection for 

the laboratory test, the geotechnical report is prepared and submitted to the specialist engineers for 

downstream project operation [54].   

The entire procedure usually takes a long time and the changing scenario in terms of design and 

construction aspects during this period is always a big concern. In the case of refinement or getting some 

specific data after the submission of the investigation report is often not possible due to time and budget 

concern. At best, the engineer can ask for extra investigation delaying the whole project; otherwise this 

could lead to unexpected ground condition and increase the potential risk for the whole project [82]. 

According to Child et al. [83], the traditional geotechnical investigation process follows a linear 

waterfall method (see Figure 11). 

In this way, the data is forwarded to the subsequent phase after the work on each phase is completed. 

When the work reached the last phase, the data collected from the investigation is archived. The whole 

process is divided into separate layers which creates significant delays in data receiving on a regular 

basis.  Moreover, data passes through different isolated stages, needs to enter multiple times and goes 
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through a different storing mechanism. This enables risks of errors, and often data even get lost during 

phases [84].  As a result, the credibility of the data becomes questionable, which makes the work of the 

downstream engineers incredibly challenging. For this reason, most of the time, geotechnical data is 

hardly utilised in the life-cycle production and management of a construction project [85] 

 

Figure 11: Traditional Waterfall Method of Geotechnical Investigation [83] 

5.3 Present State of Geotechnical Data Exchange Format and Standardisation 

As Engineering projects are becoming grandeur, the geotechnical aspects of it are becoming more 

complex as well. The geotechnical engineering sector covers several fields of expertise such as geology, 

geomechanics and hydrology. Geotechnical site investigation produces a significant volume of 

geotechnical information by collecting data from boreholes, in-situ, and laboratory tests. These valuable 

geotechnical data are extensive and are stored in different forms and formats. For example, a simple 

borehole data can be stored in image Format (.jpg), digital file format (.pdf), text format (.txt, .docx, 

etc), spreadsheet (.xls, .csv) or in database format (xml, gINT). 

This data formatting issue is increased by tenfold when multiple data collector contractors works with 

their individual style of format. These contractors are responsible to collect filed data by doing field and 

laboratory tests and send those data to the design office. Sometimes field and laboratory tests are done 

by different contractors as well. In this case, the reporting format for those data depend on the respective 

contractors. The design and engineering office received field data in various format. Moreover, the 
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design and engineering office have their own data format, which is mainly based on their use of analysis 

and modelling software. Comprehending and extracting data from these variable reporting formats is a 

daily struggle for geotechnical professionals, let alone analysing and transferring data to other 

engineering entities [86].  

Data exchange is necessary to continue any engineering process. Data usually produced in different 

stages by different entities and that data needed to be passed to the following counterparts for further 

analysis. But this data incompatibility and data interoperability issues are affecting project productivity 

and efficiency and making it hard to exchange data in a regular basis.   

There is no standardised data exchange policy or format for interchanging geotechnical data in practice. 

Data is usually exchanged in different digital and hardcopy formats [86]. A standardised data exchange 

format can certainly improve work efficiency, data quality and eventually reduce costs. 

Some countries are taking initiatives to standardised geotechnical data collection, storing, managing and 

exchange process. The first initiative is taken by the Association of Geotechnical and Geo-

environmental Specialists (AGS) of United Kingdom back in 1992[87]. This format is known as AGS 

Format and it is based on American Standard Code for Information Interchange (ASCII). The objective 

of the AGS Format is to provide a medium for transferring geotechnical, geo-environmental and 

geological data between stakeholders [88]. The AGS format is now in its fourth edition after undergone 

multiple updates based on the industry requirement [89]. The format is now widely used in UK and at-

least 15 countries internationally [89].  

Another data standardisation format is developed by University of Florida, USA and COSMOS (The 

Consortium of Organizations for Strong-Motion Observation Systems, a pilot XML23 based exchange 

standard for Geotechnical Virtual Data Centre) with the funding from the US Federal Highway 

Administration [90]. The format is known as DIGGS format. The elaboration of DIGGS is- Data 

Interchange for Geotechnical and Geo-environmental Specialists. The project involves development of 

a XML-based Geography Markup Language (GML) geospatial standard schema for the transfer of 

geotechnical, geological and geo-3environmental data within an organization or between multiple 

organizations. The format was also developed with the help AGS, UK.[91]. The DIGGS format is 

software neutral and non-commercial. DIGGS is designed to help geotechnical and geological 

professionals who wants to send or receive geotechnical, geological, or geo-environmental information.  

These formats can be used for transferring all geotechnical, geological, and geo-environmental data 

throughout all project stages offering immense advantages in terms of workflow efficiency, data 

accuracy and validity, archiving, management, and consequently cost savings.  
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5.4 Present State of Database Management System in Geotechnical Sector 

Engineering Data Management System (EDMS) start gaining momentum in the field of civil 

engineering in the early 1980s [92]. However, at that time, the application of data management system 

in geotechnical engineering sector was not so well-known [93]. According to Ishii et al. [94], the first 

database based data management system for the geotechnical sector was deployed in 1988 for the Tokyo 

Metropolitan Government (TMG). The TMG Geotechnical Data Information System integrated a 

relational database into a computer system, and it can retrieve and graphically represent borehole, deep-

well, and groundwater data.  

In the early '90s, automatic data collection systems in geotechnical investigations and experiments were 

rapidly increased [92]. As a result, data from a typical geotechnical investigation project which involves 

field data, laboratory tests and analysis becomes massive in volumes. One of the biggest challenge faced 

by geotechnical engineers in the modern era was to collect, store and analyse large volumes of data [95]. 

That phenomenon increased the demand for a dynamic data management system for geotechnical data 

that will provide a high degree of data portability, a standard data storage format, and easy access to 

engineers and researchers [92].  

To achieve these objectives, Lee et al.[92], developed an EDMS for geotechnical data based on using 

the dBASE III Plus database management software. A special feature of that EDMS was the dual use of 

a characteristics files to store attributes of the instruments and tests, as well as to serve as an index for 

accessing data in the several files that existed [92]. 

In the last two decades, geotechnical database management system has developed quite drastically; from 

spreadsheets to Microsoft Access to SQL based system with improved security and reliability [95].  

Johnston et al.[96] described the Australian Soil Resources Information System (ASRIS) database in 

their article in 2003. The database assembles the best publicly available information of soil profile data, 

digital soil and land resources maps, and climate, terrain, and lithology datasets across the Australian 

region.  

The Australian Soil Resources Information System (ASRIS) database compiles almost all the publicly 

available information available across the state, and territory agencies into a national database of soil 

profile data, digital soil and land resources maps, and climate, terrain, and lithology datasets. These 

datasets are described in detail in this paper. The database was established as a national soils dataset, to 

function as an important input into future management decisions [96].  

Highway and transportation departments and local infrastructure agencies across countries started to 

develop their own Engineering and Geotechnical Database management system around 2000 [97]. In 

the USA, almost all of the Department of Transportation (DOT) have their own departmental 
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geotechnical database management system to help the engineering design and decision-making process 

[98]. The use of the data management system within the geotechnical sector permits data to be securely 

stored, shared across departments, and easily retrievable [98].  

In the United Kingdom (UK), the highway agency has a geotechnical data management system that 

includes boring log data and geotechnical assets inventory and rating information [98]. This database is 

becoming one of the largest geo-referenced geotechnical and drainage asset management tools in the 

world, with 220,000 observations on over 45,000 geotechnical structures, 200 mapping layers, 114,000 

photographs and sketches, 20,000 geo-referenced files, 15,000 downloadable reports and more than a 

million drainage assets [14].   

5.5 An Overview of Application of BIM Principles in Geotechnical process 

There are not many cases of adaptation of BIM principles in the field of geotechnical engineering. Very 

recently few engineering companies took the initiative to implement BIM principles in their 

geotechnical work process [99].   

Silvertown Tunnel project is one of the best examples of using BIM technology to geotechnical 

investigation and data management to improve the overall work efficiency and productivity. The tunnel 

connects two cities in England, Silvertown and North Greenwich. The rout of the tunnel goes through 

heavily industrialised areas of London with various ground conditions, exiting roads, foundations and 

other subsurface structures [17].  

Atkins, a leading engineering and design consultancy company, was commissioned to design the project. 

They realised that, due to the complicated ground condition, they needed a better way to visualise and 

understand the subsurface conditions in context with existing structures and wider site challenges to 

reduce the overall project costs and risk [17].  

The company decided to take an approach that involved collecting the existing geotechnical knowledge 

from previous projects around the area in a geotechnical data management system and at the same time 

developing a 3D ground model of the site and ground conditions [17]. With all this information, an 

integrated 3D geotechnical model was developed with the intention of constantly refining the 

geotechnical data and model throughout the whole process from preliminary investigation, full site 

investigation, design and onwards [17]. Historical and geological maps from the British Geological 

Survey (BGS) were also linked into the data management system, building up a stack of known 

information around the site [17].  

By having easy access to past information in combination with the environmental and geotechnical data 

allowed the engineers and designers to design a refined site investigation which built upon the existing 

knowledge [17]. The system also enabled the geotechnical data from the management system to be 
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visualised within the 3D model which allows the engineers the ability to quickly combine, organise, and 

manage geotechnical data in the context of the existing and proposed above and below ground structures 

[17]. The integrated model helped the engineering and design team to visually understand and assess 

the design alignment, identify potential construction obstacles, and determine what new additional site 

investigations were needed or not. By analysing the historical and available data within the BIM model, 

the engineers reduced the number of exploratory boreholes required for the site investigation, which in-

turns reduced project time and cost for the client [17]. The new site investigation data was continuously 

added to the geotechnical data management system and used to further refine the 3D geotechnical model 

to enable a better understanding of the ground conditions. The 3D model also helped to automatically 

generate earthworks and contamination measures for project costing and risk assessment [17].  

The author Gary Morin told that [17], the design company observed the use of a fully integrated, 

multidisciplinary model, including subsurface geology, to be of significant value for both the 

geotechnical engineers and the wider design teams. By visualising ground conditions in a design context, 

the engineers and designers potentially reduced project risk and costs during construction [17].  

Valeria et al. [99], in their article, presented the application of BIM principles in the geotechnical design 

process which was implemented in the development project of the historical centre of Sant'Agata de' 

Goti in the south of Italy. The paper explains the consequences of the BIM approach to the design of a 

soil nailing process to stabilise a side of the Sant'Agata de' Goti hill. A 3D model enriched with 

information of the geometry was created from the data collected from all the boreholes performed for 

the geotechnical investigation [99]. The author shares some key advantages of using BIM principles into 

a geotechnical process, which he gained during this project. They are [99]:  

• Dynamically update and manage soil data during the complete site investigation process.  

• Use of a central database for on-site and laboratory test results helps create the geotechnical 

model which increase the work efficiency. 

• Calculation of volumes, profile analysis and exportation of results into other interoperable BIM 

platforms becomes very convenient and useful. 

In the article "Application of BIM in Geotechnics – Case Study on a Deep Excavation Project" [100], 

the author presented the benefits of using BIM for an underground basement temporary works design in 

Jakarta, Indonesia. The author mentioned that implementation of BIM in this project, particularly for 

the geotechnical section helped engineers to understand the complex geometry of the permanent 

basement structure. BIM provided a macro view of the overall design process by identifying the critical 

areas and helped to produce a better and improved design [100]. It also enabled effective communication 

between all the parties involved in the project, which increased the early identification and resolution to 

potential design deficiency and construction problems. This early detection ultimately increased 

productivity and reduced costly rework at a later stage [100].  
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Kessler et al. [31], mentioned that CH2M, a leading engineering and design consultancy, undertook a 

research project to look at the viability of 3D subsurface modelling to provide a fully digital interface to 

store, visualise and interrogate ground conditions. CH2M wanted to create an "information hub" where 

they can integrate all the subsurface data and interpretation across the project site. The company wanted 

to use this "hub" to detect areas of uncertainty or risk at an early stage to emphasis subsequent ground 

investigation to construction locations. CH2M expected that this integrated model would help them to 

reduce the costs associated with uncertain ground condition issues down the line of the construction 

project. The ultimate target of that research project was to develop a "live" ground model, where relevant 

data will be kept available on-demand in suitable formats and can be easily shared throughout the project 

life-cycle [31]. The author also stated that, in the geotechnical sector, where relatively traditional, 2D 

methodologies are still common, the development of an integrated 3D "information hub" had been 

distinctly more challenging. By accomplishing this monumental task, the company improved the 

management of "Big Data" in major infrastructure projects [31].  

Construction of The Farringdon rail station, part of the Crossrail project, which is UK's largest 

infrastructural development project is one of the successful implementation examples of BIM principles 

to produce intelligent 3D geological model [101]. The Farringdon 3D geological model provided a 

degree of a comprehensive understanding of the ground condition that enabled optimum use of available 

ground investigation data. The 3D model provided a coherent conceptual ground model with 

information about sand and gravel deposits and faulted multi-layered aquifer, which had potentially 

significant effects on groundwater control [101]. The model demonstrated with a high level of accuracy 

of identifiable geological information that had been found not to be feasible using other, commonly 

used, traditional 2D methods. The author mentioned that the use of BIM methods significantly helped 

to target ground investigation, constrain design, and control risk [101]. 
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6 CASE STUDY 

A case study is developed to implement BIM methodologies and BIM principles in the management and 

collection of geotechnical data within the geotechnical and geological engineering and design group at 

Elea iC (Slovenia). The case study is designed based on the methodology mentioned in chapter 2.  

The chapter is divided into five segments. On the first part, a roadmap is developed to implement 

principles of BIM within the current work-process of the company. The following chapters basically 

followed the BIM implementation plan to establish a workflow for BIM-based Geotechnical Data 

Management System. In the next chapter, the existing work process of the company for the geotechnical 

and geological data collection and management process is critically reviewed. The target of reviewing 

the current state of a business process is to identify the areas that can be improved. This review helped 

to understand the company's ongoing working practice towards the geotechnical and geological data 

collection and management process. 

The next chapter is focused on determining organisational goals in terms of improving the current work-

flow that the company practised. This chapter helped to identify and focus on the issues that are in line 

with this research work. In the last part, a work-flow of the BIM-based Geotechnical Data Management 

process is developed with the support of ELEA iC (Slovenia).  

6.1 BIM Implementation Plan  

This chapter highlights the steps of how to implement BIM concepts in an engineering organisation.  

The literature review (see chapter 3.12, 4.2.2, and 4.3.4) clearly describes the focus of the E&C industry 

that has encircled the 'what' and the 'why' of BIM. Given the context, this chapter attempts to answer the 

'how' question. It focuses on how to implement BIM methodologies to transform and complement 

current practice to create and support effective performance within an engineering company.  

In this chapter, chronological implementation steps have been developed and proposed for the BIM 

implementation strategy within the company [102]. This is a comprehensive roadmap with objectives 

to establish the BIM methodologies.  
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Figure 12: Steps of BIM Implementation Strategy [102] 

Figure 12 presents the steps for successfully implementing BIM in an organisation. The details of the 

steps are:  

• BIM Capability Assessment: In this step, it is required to critically analyse current work 

practices, capabilities, and people skills. 

• Goals & Objective: Finalising the organisational BIM goals, what the organisation wants to 

achieve and what are the objectives to reach that goal. 

• Formulating Strategy and Process: This step deals with defining standards and 

methodologies, modifying current work practices and workflows. 

• Hardware and software assessment: Assessment of the company’s hardware and software 

conducted in this step. The successful implementation of an integrated data management system 

depends on the company’s technological capability in both the hardware and software 

department.  Assessment of hardware and software will guide the organisational decision on 

new investment to upgrade existing hardware and software sector is needed or not. 
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• Training and Education: Training and education are necessary towards a productive 

implementation of BIM. Software and hardware training, BIM protocol education, new 

workflow adaptation and guidance are the scopes of this step. 

• Pilot Project: A pilot project can be initiated to identify the benefits and issues, improve and 

familiarise with the new workflow and develop the strategy for the final implementation. 

• Execution: In this step single schedule execution of a live project and deployment of the project 

team with an assigned role is performed.  

• Monitoring: Monitoring the new work process, analysing progress parameters, modify the 

workflow if needed, is conducted within this step. 

6.2 BIM Capability Assessment 

As mentioned in chapter 6.1, the stage “BIM Capability Assessment” is about a thorough review of the 

current work practice of the thesis supporting company Elea iC, (Slovenia) regarding geotechnical data 

collection, management, and 3D modelling process. The assessment is conducted to evaluate the 

company’s standings on incorporating BIM principles in their current geotechnical and geological data 

management workflow. The details of the assessment method are described in chapter 2. 

A project that is successfully completed by the company had been selected as a case study to review the 

existing workflow. Besides this, three interview sessions had been conducted to get more insight about 

the work process and the problems related to data and data management that the engineering 

professionals from the company encounter during the completion of the project. The details of the 

interview sessions are attached in the appendix 10.1 & 10.2.  

The objective of this review session is to understand the overall work process to get an overview of the 

workflow, analyse existing workflow related to the geological and geotechnical data collection, 

management, and modelling process to identify critical issues. 

As this research project is about data management in geotechnical engineering; the case study for this 

thesis is constrained within the domain of geotechnical and geological engineering sector.  For this 

reason, the following review is examined through the lens of geotechnical and geological aspects only. 

6.2.1 The Case Study Project  

The project chosen for the analysis is the “2
nd

 Railway track Divača – Koper (Slovenia) or 2TDK 

Project”.  
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Figure 13: 2nd Railway track Divača – Koper (Slovenia) or 2TDK Project Alignment (Source: Elea iC, 

Slovenia) 

Figure 13 shows the geological model of the project alignment. The 2nd railway track Koper ‐ Divača 

(2TDK) represents the infrastructure project, which included building the model also in the BIM 

environment. The railway is part of the V. Pan‐European transport corridor in south‐east Europe, 

connecting the Mediterranean with Middle Europe. The planned railway track between the village of 

Divača and the port city of Koper is about 28 km long, from which 20 km are driven through 8 tunnels, 

along two viaducts and on the open alignment. The newly-built railway line Divača-Koper will be 

divided into the following lots: Divača-Črni Kal, 15.061 km long and Črni Kal-Koper, 12.135 km long. 

The first geological and geotechnical investigation phase was undertaken between 2009 and 2010 for 

determining the conditions for the Building Permit Design. An additional set of investigations was 

carried out in 2017 and 2018. Between 2019 and 2020 the Execution Design has been performed, which 

included building the geological 3D model along the whole alignment and the geotechnical 3D model 

along the tunnels’ alignment as part of the BIM model. 

The project setting is placed in a geologically varied area, defined by several thrusts and thrust faults. 

The most significant is the Črni Kal thrust zone, with the known view ‐ “Karst Rim – Kraški rob”, where 

the carbonate rocks are thrusted on flysch rocks, forming a steep step in the topography. The oldest rock 

formations along the new railway alignment are Cretaceous limestones (Sežana formation, Lipica 

formation) and the limestones of the so‐called karstic group, uniting the carbonates form the upper 

Cretaceous and Paleogene. These are the Liburnian formation (Cretaceous‐Palaeocene), Trstelj beds 

(Palaeocene) and Alveoline nummulite limestones (Eocene). The Transitional layers between the 

Alveoline nummulite limestones and Flysch layers (Eocene) are formed as thin layered marly limestone 

and marlstone. Flysch represents clastic sedimentary rock with alternation of claystone, marlstone and 

sandstone, interrupted by rare layers of calciturbidites. Most fault zones and accompanying structures 
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are a result of the thrusted nature of the area. The most known thrust faults are Petrinja thrust fault, 

Škrklovica thrust fault, Kastel thrust fault, Socerb thrust fault, Osp thrust fault and the before mentioned 

Črni Kal thrust fault (Celarc et al., 2010, 2018). The area between the villages of Divača and Črni Kal 

(T1 and T2 tunnel alignment area) are formed form permeable karstic rocks, with the characteristic 

surface as well as underground karstic formations. 

The details of the project are retrieved from the Project Manager of Elea iC, Slovenia 

6.2.2 The Overall Work-Process 

It is found that, in Slovenia, the overall work-process for an engineering project is divided into five main 

phases. Every project, especially infrastructure projects, such as 2TDK project, passes through these 

five phases to become a reality from the conception.  

  

Figure 14: Five Main Phases of an Engineering Project in Slovenia (Source: Elea iC, Slovenia) 

Figure 14 shows the main five phases of an engineering project in Slovenia. The details of the phases 

are:  

• Conceptual Design Phase: This phase is the inception phase of any project. From the 

geotechnical perspective, a basic 3D geological model is developed in this phase to understand 

the geology, geomorphology, and the natural issues of the project landscape. The data for the 

basic geological model are usually collected from already available information such as 

geological survey map, online national geological information database and historical data.  
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Besides this, a small-scale site investigation is also performed with geological mapping, minimum 

number of boreholes, trenches, pits, and laboratory tests to collect information.  All these data, 

information, and 3D model aided engineers to design a full-scale geotechnical site investigation. This 

small-scale site investigation represents the basis for choosing borehole locations and raster, as well as 

the extent and the program for in-situ and laboratory testing.  

• Building Permit Design Phase:  This is the most important phase for any engineering project. 

In this phase, a detailed site investigation is performed to collect all the necessary data to help 

the designers and engineers to design the whole project. From the detailed ground investigation, 

the characteristic of the ground and the geo-mechanical properties of the ground are defined for 

design purposes. Also, geological information like main structures with their characteristics and 

hydrogeological conditions along the investigated area is identified and included into the project 

design. All these data are incorporated within the basic 3D model from the Conceptual Design 

Phase to make it enriched with information. This model then helps to interpret all the collected 

information and downstream design and engineering process. In the end, a detailed design of 

the project is conducted in this phase. 

• Tender Design Phase: The detailed design that was developed in the Building Permit Design 

phase is then finalised and submitted for the tendering purposes. Usually, Tender design phase 

and Building Design Permit phase correlates with each other. If needed, some additional 

investigation is performed before finalising the detailed design. The 3D model gets continuously 

updated with new information alongside.  

• Construction Phase: The final design is sent to the construction site for the execution in this 

phase. The design team needs to continuously monitor and document the construction site with 

actual ground condition data. If additional in-situ or laboratory tests are needed, then it is 

performed, and the design is adapted to the new ground situation.  

• Post Construction Phase: In some projects, post-construction monitoring is needed as well to 

check the groundwater level and ground movement condition.  

Geological and Geotechnical Group Workflow 

The geotechnical and geological working groups prepare the investigation program together and 

collaborate during the design phase.  

The responsibility of the geological working group within the company is to collaborate with 

geotechnical engineers and designers to plan the site investigation, collect and manage the site 

investigation data, create a geological 3D model, analyse the geology of the project location, identify 

key issues such as fault lines, ground characteristics. The geological working group is also responsible 

for data analysis in order to determine the geological and geo-mechanical characteristics of the 
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investigated area as the basis to establish design parameters. These design parameters are incorporated 

within the geological 3D model for a better visualization, understanding and interpretation.  

The geological working group is also responsible for data analysis in order to determine the geological 

and geo-mechanical characteristics of the investigated area as the basis to establish design parameters. 

These design parameters are incorporated within the geological 3D model for a better visualization, 

understanding and interpretation.  

Preliminary desk study is conducted by the engineers in order to develop a basic geological 3D model 

with the help of existing survey data and data from previous investigation phases along the extended 

investigation area. This model is used to plan and design the detailed site investigation program. 

Consequently, a subcontractor company is awarded the work to conduct the site investigation on behalf 

of the company.  

Generally, the sub-contractor company submits the data every 7-14 days before submitting a final report 

at the end of the investigation. Data is then analysed and interpreted by the geological team and included 

into the geological 3D model to make in data enriched. The 3D model is used for preparing geological 

sections and exporting data in a different format to accelerate the following engineering workflow.  

The geotechnical working group on the other side, uses the interpreted data and characteristics values 

to conduct numerical analysis and perform different geotechnical design based on the project 

requirements.  

Figure 15 shows the combined workflow of the geological and geotechnical working group in Elea iC. 

One of the key tasks in this workflow is the development of the geological 3D model enriched with 

geotechnical data and other design parameters. This 3D model basically works as a core data managing 

and visualisation tool for the whole process. Related engineering data can be imported from various 

sources to develop the model and exported for further analysis.  
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Figure 15: Combined Workflow of Geological and Geotechnical Working Group 
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6.2.3 Current Data Exchange Format 

 

Figure 16: Data Exchange Format 

Figure 16 shows some data file format that are being used and exchanged in the day to day work process 

within the geotechnical and geological working group in Elea iC. These group of data format can be 

divided into two segments: Active data and Passive data.  

Active data format allows the data file to integrate with the software directly. If the file is in correct 

format the software can extract data and information without any reformatting. .xls, .xlsx, .csv, .txt, .ifc 

are the most common active data format.  

Passive file format is the file that needed to be formatted before integrating with the software for further 

analysis. Passive files are mostly used to sharing information. .pdf, .jpeg, .jpg, are the most common 

passive file format.  

Managing data with variable format is a tough job. It raises the issue of software interoperability and 

smooth data interchanging between stakeholders. Especially for a large infrastructure project such as 

2TDK project, where multiple site investigation contractors were employed to get the ground data and 

information.  

These sub-contractors usually have their own style of reporting format. Even though they use the same 

active file format such as .xls or .csv  for delivering the data but due to the lack of standardised reporting 

format these data arrive in Elea iC in different style depend the on the sub-contracting company.  
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Figure 17: File format in Workflow process 
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As a result, the company needs to spend a lot of time and resource to reformat those data according to 

the requirement of the software they use. For example, the company uses “Leapfrog works” software 

for 3D geological modelling. This software requires specific format for data input. If the data is 

standardised then, the company professional can develop the model without spending time in formatting 

and reformatting the data they received from the contractors.  

But as the company received data in various style and format, they must go through all the works that 

reducing the overall productivity. Besides this, most of the time the sub-contractor company sends 

reports only in passive data format such as: pdf file format. In this case, the engineers at Elea iC needs 

to go through all the report and transform key data into active file so that they can use it in the software 

for further analysis. Figure 17 shows the formats of engineering files that are being exchanged in the 

current workflow of the company.  

Huge volume of data is being created everyday by the engineering company. Managing and exchanging 

of that data and information in E&C industry is an important task. A BIM-based Data Management 

System with standardised data exchange format can significantly improve the overall data management 

and related work-process and at the same time it will increase efficiency and productivity.  
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6.2.4 Key Insights from the Review 

 

Figure 18: Key Insights from the Review 

Figure 18 shows the key insights that were extracted from the work-process review. After reviewing the 

overall work-process, it has been found out that in every phase, a vast amount of geotechnical and 

geological data has been generated. This data is essential to make vital decisions about the project. 

Storing and management of these data are the utmost important during the whole project life. It is also 

crucial that it might take a long time to jump from one phase to another.  

For example, in the project 2TDK, the Conceptual Design Phase started around 2007. Then it took 

almost ten years to perform additional investigations before moving to the next phase and two more 

years to start the Tender Design Phase and then to the Construction Phase. From inception to execution, 

it took around ten years. All the data and information related to the project needed to be stored and 

managed for this long time. If the data is not stored securely and without imposing any data management 

plan then there is always the risk of losing data, misplaced data by subcontractor or design office and 

change of management and engineering professional which may cause discontinuation of the available 

information.  

Data StorageInteroperability

Key Insights Data Security

Data Loss
Sub-contractor 
Dependability 



Rahman, M.T. 2020. Geotechnical Data Management in BIM Environment. 

Master Th. Ljubljana, UL FGG, Second cycle master study programme Building Information Modelling – BIM A+. 

For the collection of the geological and geotechnical data, the company is mainly depends on the sub-

contractors. The site investigation is conducted by the sub-contractors according to the plan provided 

by the company. Sometimes, for a large infrastructure project like 2TDK, the site investigation works 

are also be divided among several subcontractors. Usually, these sub-contractors submit their own 

format of reports and data. As a result, the company receives acquired site investigation data in different 

formats. For data management, this represents additional works in data harmonisation instead of data 

analysis, modelling and interpretation. Sub-contractors usually send data every 7-14days. Therefore, 

from day one of the site investigation process, there is no real-time access to data collection for the 

design and engineering office.   

Besides this, different entity within the company use different software for their respective design and 

analysis process. For a project like 2TDK, different groups of engineers such as geological engineering 

group, geotechnical engineering group, structural engineering group work together to build the project. 

Each group has its own set of software which uses different file formats for generating outcomes. As a 

result, the collected data needs to be modified multiple times by different users, which is time and effort 

consuming.  
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6.2.5 Key Insights from the Interview Sessions 

 

Figure 19: Key Insights from the Interview Sessions 

The goal of the interview session with the company professionals was to get an insider view of the 

current implementation and practice of BIM methodology in the geotechnical and geological sector. 

Four crucial issues were identified that are affecting the BIM implementation within the geotechnical 

and geological working group (see Figure 19).  

The company is using BIM principles successfully in their workflow, specifically in the architectural, 

tunnelling and structural sector for quite some time. But when it comes to geotechnical and geological 

workflow, implementation of BIM methodology is still in the initial stage.  

One of the main issues for the less digitisation in the geotechnical and geological sector is the “lack of 

coordination and communication” between the engineers, contractors, and the sub-contractors. The 

design and engineering company depends on sub-contractors to collect data from the project site, and 

contractors to build the project they design. The sub-contractors and construction company specializing 

in Slovenia are used to work in a traditional method. Especially the site investigation conducting 

companies are not fully digitised, and most of the time, they are not fully aware of the benefits of the 

digitisation system. There is a big gap between the use of digital technology in the design office and by 

the subcontractor’s data acquisition and delivery method. As a result, the data is continuously being 

collected using the traditional method and delivered in a non-effective way.  

That brings the second most important issue “People”. People working in the Engineering & 

Construction (E&C) industry are one of the key elements controlling the radical changes in this industry. 

Co-ordination People

Communication Standardisation
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People are chained with their work habit and reluctant to adopt any change in their work practice. It is 

hard to pursue the working people to shift from their regular workflow to a completely new one. Even 

though the new method can improve productivity and efficiency, people love to stay in their own 

shadow. This hesitant to shift to a new process is also motivated by the client’s attitude towards finance 

and time. Clients are not prepared to invest more time for the project preparation as well.  

Data standardisation is another big issue when implementing BIM principles in the geotechnical and 

geological engineering sector. Data standardisation is about making sure that data is consistent, which 

means each data type has the same content and format in the time of storing and exchanging. For 

example, in the Slovenian engineering industry, every company conducting site investigations has their 

own workflow and file format for data acquisition and delivery. Besides this, every laboratory uses 

different symbols and formats for defining the same geo-mechanical parameters. 

So, when a large infrastructure project like 2TDK, has multiple numbers of site investigation contractor 

company performing in-situ and laboratory measurements, the design and engineering company 

received the same geological and geotechnical data in various forms. 

Besides this, the data is mostly delivered as a passive format, such as reports in Pdf format. The lack of 

active data files like xlsx or csv represents another concern for the company. Active data file in 

standardised formats can be included in the analysis without modifications. As a result, the design and 

engineering company needs to invest more time to modify and transform the data from passive to active 

forms according to their downstream engineering workflow.  

6.2.6 Research question Answered  

The research questions (see chapter 1.4) were also asked and answered by the interviewee. The details 

of the research questions are presented in the appendix 10.2. The research questions also helped to get 

more details about the data collection, management, implementation and practice of BIM principles and 

methodologies within the geotechnical and geological working group of ELEA, iC(Slovenia). 

6.3 Major Issues Identified 

A thorough review of the work process within the geotechnical and geological working group has been 

conducted to identify the crucial issues. After reviewing the work-process and interview sessions with 

engineering professionals to evaluate the current BIM practice within the geological and geotechnical 

working group in Elea iC (Slovenia), some key insights have been identified (see chapter 6.2.4, & 6.2.5). 

Out of all the issues, two major issues have a significant impact on the implementation of BIM principles 

in the geological and geotechnical industry (see Figure 20), which are presented in detail.  
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Figure 20: Two Major Issues 

Based on all the literature review and case study analysis, data is the primary factor in the engineering 

and construction process. The Engineering & Construction (E&C) industry is a data-driven industry and 

in every moment the industry is producing an enormous amount of data that need to be processed and 

analysed for further engineering works. For any engineering project, geotechnical and geological data 

are the frontline activity that need to be collected and analysed before moving forward with the project. 

These geotechnical and geological data is ultimately the deciding factor of the feasibility and the 

constructability of the engineering project.  

Geotechnical site investigation is conducted to acquire the information about the subsurface conditions 

at the proposed construction site. With proper planning and management, a well-planned site exploration 

for subsurface characterisation can decrease any unexpected surprises during and after construction 

[103].  For that reason, qualitatively data collection and management procedure are the first step to attain 

this objective. It is crucial to have a proper vision with clear goals defined prior to planning a data 

collection and management program [79]. Large volumes of subsurface data, information and associated 

test data are generated during the geotechnical site investigation stage. Handling this sheer volume of 

data is not an easy task.  

The current practice of data management mostly depends on paper-based filing systems that are often 

difficult and hard to access by users [104]. In some cases, electronic reporting systems were used; 

however, misplaced files, faded paper records, sudden loss of online records, incomplete documentation, 

and a lack of awareness that certain data even exists are common actors in producing inefficiency in the 

workforce.   

Data Management Data Standardisation
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From the work-process analysis, it was found that the company mainly depends on the sub-contractors 

for data acquisition. For a infrastructure project, there are several subcontractors conducting the site 

investigation, who submit a detailed report after completing the investigation. This whole process can 

take weeks, and usually, during this time, the design office does not have real-time access to any data 

or information regarding the site. The data is sent in batches and in periodically to the design office.  

Moreover, there is always a possibility of variable changing scenarios related to the final project. Like 

for the project 2TDK, it took ten years just to move from Conceptual Design Phase to Building Design 

Permit Phase. This linear process of data collection, management and application create isolated stages 

which only focus on the local information of the entire project and leads to incompetence, low 

productivity, and it is time consuming.  

The industry requires a dynamic method of geotechnical data collection and management process which 

will provide access to data and information from the very beginning, support collaborative works 

between all stakeholder and continue to the whole life cycle of the project and even beyond that. 

Additionally, the pressures to accelerate project delivery only amplify the need for more efficient and 

productive data collection and management system for an engineering company. 

A proper data management system requires proper data management policy and standardisation. After 

the work-process review and interview session with Elea iC professionals, it has been found that the 

lack of standardisation in data is one of the biggest concerns in Slovenian engineering work practice. 

The company depends on various sub-contractors to collect geological and geotechnical data from the 

site. Besides this, laboratory tests are also one of the major sources of the data collection process, and 

the company and contractors also send ground samples to different laboratories to perform soil and rock 

tests and analysis.  Unfortunately, all the laboratories use their own format and symbols to interpret the 

test results. Same goes for the sub-contractors. As a result, the company received geological and 

geotechnical data in various formats.  

The company also requires data exchange between different professional groups that are working for 

the projects. Each group of engineering has its own software for design analysis, and they require data. 

Interoperability between software is a major issue that results in time delay in projects. If there is a 

standardised data exchange format available to share between all the stakeholders of a project, then the 

work process will be more effective, and the work will be more productive. Data standardization is the 

process of generating data into a common format that will allow collaborative work between all the 

stakeholders, smooth data exchange for better analysis and analytics and use of digital technology in a 

harmonised way.  
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 A data management system can work efficiently only when there is a smooth transaction of data that 

allows consistent and coordinated upstream and downstream process. That is why “Data Management” 

with proper “Data Standardisation” is chosen as one of the major issues.  

6.4 Organisational Goals 

 

Figure 21: Organisational Goals 

Figure 21 shows the organisational goal within the geotechnical and geological working group of Elea 

iC (Slovenia). During the interview sessions, it was asked to narrate the organisational goal regarding 

BIM and data management within the geotechnical and geological working group. The target was to 

identify the goal and to layout objectives to achieve this target. According to the Head of Team Tunnels 

and Geotechnics, the goals are:  

1. Improving the work process by incorporating digital technology such as BIM. 

2. An improved data management system to get better data for the downstream engineering 

process which will ultimately help to take faster decisions.  

6.5 Formulating Strategy and Process 

This chapter is about laying out strategy and workflow to address the major issues mentioned in chapter 

6.3. The objective of this work-process is to achieve the organisation goals (see chapter 6.4). 

The objectives are:  

1. Proposing a model for BIM-based geotechnical data collection and management process 

2. Proposing a framework/workflow to establish data standardisation for data exchange between 

stakeholders.  

Effective Work Process

Better Data & Faster 
Decision
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6.5.1 BIM-based Geotechnical Data Collection & Management Process 

Background  

This chapter is focused on evaluating critical components of developing an effective geotechnical data 

management system. The critical components are [104]:  

• Data Collection 

• Data Management Model 

• Data Exchange 

These three critical points create questions about how to approach them. The important questions are:  

• How to reform the geotechnical investigation process? 

• How to develop an intelligent digital ground model enriched with geotechnical data? 

• How to integrate the downstream engineering process with newly developed data 

management and collection system? 

Child et al. [105], suggested a circular data management model for geotechnical engineering process 

(see Figure 22). The model was developed by keeping data as the centre of all activities. The model also 

provided constant access to all stakeholders and at the same time, allowing controlled collaboration with 

other disciplines. In comparison with the traditional linear isolated stages where data is kept in silos; in 

this circular model, data remains available during the project life-cycle. Data is allowed to go through 

modifications and improvement throughout the project, and accessibility became much more flexible 

than the traditional method. As a result data delivery became an ongoing process rather than an isolated 

individual act and smooth integration and sharing of geotechnical data within the geotechnical process 

became a reality  [105].  
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Figure 22: Circular Data Management System [105] 

For this thesis research project, a geotechnical data management system is proposed and developed 

based on the model mentioned above. The developed model is customised according to the requirement 

of the thesis supporting company Elea iC, and it is developed keeping in mind the company's existing 

technological capacity. The developed model integrated the BIM Principles (see chapter 4.1.1) and 

addressed the critical components mentioned above to reach the research objective 2. 

6.5.2 Proposed BIM-based Data Management Model 

A BIM-based operational model for geotechnical data collection and management process is developed 

in this chapter. Two important factors were considered while developing the model. They are:  

1. It is considered that third party subcontractor will be conducting the site investigation on behalf 

of the design and engineering office. 

2. The integration capacity of the existing upstream and downstream BIM tools and analysis 

software that is being used in the company with the proposed model. 
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Figure 23: Proposed BIM-based Geotechnical & Geological Data Management Model 

Figure 23 exhibits the overall structure of the proposed model. In this model, data is at the centre of the 

entire operation and workflow. In this proposed model, data is available throughout the life of the project 

compared to the conventional method where data and information passed only after the completion of 

each stage. In this model, access to data is constant, which allows smooth, controlled collaboration with 

other disciplines as well.  

The model is divided into two specific zones, and they are:  

• Data Cloud Zone  

• BIM Model Centre Database Zone 

The first zone is called 'Data Cloud Zone'. A cloud-based online storage/database will be developed, 

which will work as a geotechnical database to organise and manage geotechnical data. The 'Data Cloud 

Zone' will operate as the Common Data Environment (CDE), which is one of the essential aspects of 

the BIM process. The access to this zone will be given to subcontractor, performing the site investigation 

for uploading of the geotechnical data on a regular basis.  

A workflow will be developed in association with the subcontractors to establish a data collection and 

reporting framework so that the data can be available from day one of the ground investigation 

procedure.  
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Figure 24: Proposed Work-process Schema Between Subcontractor and Design Office 

Figure 24 shows the proposed schema between the subcontractor company and the engineering 

company, which will govern the data collection and data reporting workflow. A standardised format 

will be developed for the delivery of the data into the cloud. Subcontracting companies will be requested 

to follow the workflow and the format while awarding the contract.  

The second zone is labelled as 'BIM Model Centre Database Zone'. A BIM-based 3-Dimensional 

geotechnical and geological information model will be developed, which will work as a central 

information database for all the downstream engineering process.  

The two zones will be connected at all the time by seamless data exchange.  Data needs to be checked 

and validated by the responsible authority before exchanging. A standardised data exchange format and 

validation policy will help the smooth integration between these two zones. Therefore, the unified 

integration and sharing of geotechnical data within the geotechnical investigation workflow can be 

implemented. All this will lead to the successful interpretation of ground conditions and characterisation 

of the site.  

The entire workflow process is divided into six segments. The segments are:  

• Preparation:  This stage can be compared to the 'Desk Study' stage of the geotechnical site 

investigation procedure. An initial model will be developed in this stage with the help of 

historical information, publicly available data, and data from previous projects. This initial 

model can be a relatively simple model which may include information about topography, route 

maps, mining maps, geological maps, ordnance survey maps, and environmental data.  
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• Planning: In this stage, the site investigation plan, specification and investigation spectrum will 

be developed in accordance with engineering standards.  

• Investigation: The field investigation is conducted in this stage according to the plan prepared 

before. The collected field data will be submitted to the data cloud on a daily basis and in real-

time. Real-time data will be uploaded with the help of a digital handheld device. A standardised 

formatted data will be uploaded to the cloud within the agreeable timeframe. The laboratory test 

result will also be added to the cloud when the lab result will be available.  This will ensure that 

data is available from the beginning, compared to the traditional method where field data is 

available as a final report after completing the whole process.  

• Analysis: In this stage, the acquired data will be analysed by the responsible geotechnical 

engineer and geologist. Any anomalies will be reported, and if needed, the investigation process 

will be modified as well. The good thing about a circular model is that data can be analysed as 

it comes by; no one needs to wait for the complete investigation process to be completed to 

analyse the data. All the stakeholders will have access to the data and analysis process. In this 

way, site investigation can be optimised, which in turn decrease the cost and increase 

productivity.  

• Integration: The geological data, geotechnical data and laboratory’s test result would be 

continuously uploaded into the cloud system and then integrated into the BIM model. As a 

result, the geological 3D model is also continuously updated and enriched. The data is shared 

with other disciplines for the necessary geotechnical and structural analysis.  

• Delivery: By this time, the geological 3D model gets enriched with necessary data and 

information and almost all the collected data is stored in the cloud in a standardised format. At 

this stage, the data are ready for further downstream reporting, archiving and analysis works. 

This will facilitate the use and reuse of geological and geotechnical data in the design and 

construction of an engineering project.  

These are the details of the stages of the work process but the process need not end there. The process 

is developed, keeping in mind the three BIM Principles:  

• Process 

• Collaboration  

• Whole Life 

The workflow and operational model will follow these principles to establish a dynamic geotechnical 

data collection and management system. As more data will be collected, the geological 3D model will 
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be refined continually and continuously. The geotechnical data model will be combined with the 

complete project model to check against updates and changes to help minimise unexpected risks.  

Data will remain the core of this system with access to collaboration between all the participants. Also, 

collected data will be stored and made available in the form of a digital archive. In this way, all the 

future project will get valuable information and insights from the past development which will act as a 

valuable resource in the decision-making process, and by doing this, it will also justify this circular 

method of operation.  

The key benefit of a circular model is that the steps are not linear, rather it can overlap each other. The 

engineers can plan and modify the investigation any time they want after checking the data they 

received. This way the site investigation process can be optimised to get the best outcome.  This model 

will certainly improve the investigation quality which will deliver better data and reduce they time and 

money.  

6.5.3 Proposed Workflow 

A workflow (see Figure 25) is developed based on the proposed (see chapter 6.5.2) BIM-based Data 

Management Model to show the functionality and work-process of the stakeholders towards developing 

a 3D geological and geotechnical model from site investigation data.  

The Data cloud which is a Common Data Environment for the whole data management process is the 

core of the workflow. The geotechnical and geological group upload and download all the required data 

from the cloud. The sub-contractor will also be given the access to upload the data directly at the cloud 

by following the standardised format. A standardised data format is the key enabler here for the smooth 

transaction between all the stakeholder. The yellow file icon on the diagram represent the standardised 

file format. The details of the standardised data format are explained in the following chapter (see 

chapter 6.5.5). 
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Figure 25: Proposed Workflow 
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6.5.4 SWOT Analysis of The Proposed Workflow 

A SWOT analysis is a method that determines and defines the Strengths, Weaknesses, Opportunities, 

and Threats of any organisation or work-process [106]. To evaluate and identify the critical attributes of 

the proposed BIM-based Data Management workflow a SWOT analysis is performed. The details of 

this analysis are exhibited in the following diagram (see Figure 26) 

The proposed BIM-based Data Management System has attributes of its own. The SWOT analysis helps 

identifying those attributes. The main strengths of this proposed model are: this BIM-based model works 

as a single source of information for all the project related data and information. This enables better 

accessibility between stakeholders including sub-contractors. In this model, the sub-contractors have the 

access to upload data directly into the cloud. This allows real time data submission from the site with 

appropriate hand-held device. The single source model also increases the collaboration between other 

engineering entities within the company. Data will be available throughout the whole engineering 

process in this working model. With better accessibility and collaboration, data will be more valuable 

and will create better information. Consequently, this will lead to faster decision making and ultimately 

saving money in the process.  

 

Figure 26: Proposed Work-flow SWOT Analysis 
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Data standardisation is the main weakness of this model. The model works smoothly only if there is a 

standardised data available throughout the whole process. A standardised data ensures fast integration 

of the data in the upstream and downstream engineering process without spending precious time in 

formatting and reformatting process. Interoperability among different software for analysis is also a big 

concern. Different engineering working groups work with various software with their own format for 

input and output operations. Incorporating a standardised data format can rescue this problem as well.  

Incorporating BIM-based Data Management system will digitise the geotechnical engineering sector. It 

will ultimately create an opportunity to develop a holistic BIM-centric work process from geotechnical 

engineering to structural engineering and eventually till asset management operations within the 

company. 

Change is always a challenging process. Especially in engineering, people tend to stick to the method 

they are used to and reluctant to change. As a result, it is hard work to transform a traditional work 

process into something radical and new. However, change is inevitable and sometimes it is necessary 

for better productivity and efficiency. A new workflow together with better training and education will 

support professionals to get familiar with the new process and adopt new methodologies.  

6.5.5 Proposed Standardised Data Exchange Format 

AGS data format, which is developed by “Association of Geotechnical & Geo-environmental 

Specialists, (UK)” is suggested as the standardised data format for the proposed workflow and data 

management system.  

Figure 27 exhibits the implementation of AGS data exchange format within the proposed workflow that 

is developed earlier (see chapter 6.5.3). This format allows smooth integration and exchange of data 

within the proposed BIM-based Data Management System.  

AGS Data Format 

‘AGS Data Format (.ags)’ is a text file format offers a standard way to transfer ground investigation, 

laboratory testing, monitoring data reliably between the stakeholders of a project independent of 

software, hardware, or operating system. It’s a format that allows seamless sharing of geotechnical, 

geological and geo-environmental data within the Engineering & Construction (E&C) industry [107].  
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Figure 27: Proposed Data Exchange Format Workflow 
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AGS File Format 

The AGS file format has two components, the “data dictionary” and “a set of rules for transmitting the 

data”. 

The AGS data dictionary, which is developed by the “Association of Geotechnical & Geo-environmental 

Specialists, (UK)” is now accredited by a large number of engineering organisation especially in Europe 

and Asia [86]. The dictionary identifies and defines the common geotechnical, geological, and geo-

environmental data. An example of the data dictionary is provided below (see Figure 28), which exhibits 

direct shear test related attributes.  

 

Figure 28: AGS Data Dictionary Sample[86] 

The AGS data is expressed in the ASCII file format, which is a text file. A set of rules is provided for 

the data integrity and data processing for the AGS format. These rules governed the data format.  

Some fundamental rules are [108]:  

• The data file shall be entirely composed of ASCII characters 

• Each data file shall contain one or more data GROUPs. Each data GROUP contains related data. 

• UNITS line must be placed immediately after the HEADINGS line 

The detailed AGS data format rules are added in the appendix 10.3.  

AGS data format consists of data in a series of defined ‘Headings’ in a tabular form that describe all 

aspects of the geotechnical site investigation [88]. Each table consists of a ‘Group name’, column 

‘Headings’ and data ‘Variables’.  

Data groups are used to structure data in a consistent and logical manner. It also uses “fields” within 

each data group to identify specific items, such as borehole id, references, date, and sample depth. 
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Figure 29: AGS Data Format Group Sample [88] 

Figure 29 also shows a sample format of AGS file. It was also considered in the AGS rule book that, the 

data file should only contain fundamental data which helps reducing file size and faster data transfer. 

Besides this, the data file cannot be considered as resultant data or final data unless it was published by 

an authority [109].  

Why AGS data Format? 

The reason for choosing AGS data format as the standardised data format for the proposed data 

management system are below:  

1. Workflow Comparison 

Figure 30 exhibits the workflow from on-site data entry by site investigation contractors to the creation 

of 3D geological model by the design and engineering company. It clearly shows that the data needed 

to entry and re-entry multiple times to create the end result. Multiple manual data entry manoeuvre 
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increases the chance of data entry error and data loss. Besides this, the data transaction is mainly done 

by hardcopy and pdfs. The process takes lots of time and ultimately costs money.   

 

Figure 30: Workflow Based on Existing Data Collection Method 

On the other hand, Figure 31 shows a workflow based on CDE and standardised data format as a medium 

of exchanges. By using hardware and software that support AGS file format as a medium of transaction, 

the work steps can be reduced drastically, and work-process can be improved significantly. Site 

investigation data can be entered directly from the site by using AGS format supported handheld devices. 

Data needed to be entered only once and can be used multiple times without doing any formatting or 

reformatting.   

 

Figure 31: Workflow Based on Proposed Method 
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Data then uploaded into the Common Data Environment (CDE) or data cloud on the same day of the 

investigation. This way, the design and engineering office is able to get access to the field data almost 

in real-time and start working on the downstream engineering and modelling process.  

2. Software Compatibility 

AGS data format is being integrated with major engineering software. Especially in the field of 

geotechnical and geological engineering, the number of software that support AGS file format for direct 

data entry is increasing rapidly. The AGS file supported software is providing a wide range of options 

for the collection, reporting and visualisation of geotechnical data. 

 

Figure 32: List of Software that supports AGS File Format [110] 

Figure 32 shows a list of geotechnical and geological software that is currently supported AGS file 

format for Data Integration.  

“Leapfrog Works”, the software that is currently operated by Elea iC (Slovenia) for geological and 

geotechnical 3D modelling is also supporting AGS file format for data integration.  
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6.5.6 Integrated Data Management Framework   

 

Figure 33: Schema of An Integrated and Standardised Data Management System 

A schema on an Integrated and Standardised Data Management System based on the proposed BIM-

based data management model (see 6.5.2) and standardised data exchange format (see chapter 6.5.5) is 

shown in Figure 33.  

The schema shows that a standardised data exchange format incorporated with a BIM-based Data 

Management system can significantly improve the overall work process. In this system, data needed to 

be entered once following the designated standard. The data is almost readily available and accessible 

to all the stakeholders. Nowadays nearly all major engineering software support AGS data format. So, 

the interoperability issues between different type of analysis and modelling software can be solved by 

using software that support AGS format. 

The main objective of an integrated model is to develop a system where the engineering office and sub-

contractors can work collaboratively and efficiently. The engineering office depends on the sub-

contractors for the collection of ground data and information. The engineering and contractor office 
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need to work as a team to optimise the current work process. The integrated model only works when all 

the stakeholders work together to update and upgrade their existing work method.  

The benefits of an Integrated & Standardised Data Management System are:   

1. Elimination of repeated data entry 

2. Data is consistent throughout the process 

3. Easily traceable data for troubleshooting 

4. Data can be transferred quickly and in real-time 

5. Data can be directly imported into the software 

6. Improve interoperability and collaborations between project stakeholders. 

7. Data can be archived and retrieved for future use   

8. If implemented correctly, an Integrated & Standardised Data Management system can 

considerably improve work efficiency and increase the quality assurance of client deliverables, 

enabling project teams to spend less time in data entry and more time in finding the engineering 

solution for the project.  
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7  DISCUSSION 

The primary goal of this thesis project was to develop a framework for geotechnical data collection, 

management, and modelling work to integrate with the Building Information Modelling (BIM) Process.  

From the literature review, it was found data is the primary driver of the Engineering & Construction 

(E&C) industry. E&C industry is one of the major producers of data in the world. Every day it creates 

an enormous volume of data for engineering work-process, but unfortunately, 96% of this data remained 

unused, and some even get lost in the middle. Every day on average, 13% of working hours per 

professional is spent on finding the right data and information at the right time [72]. Managing the data 

is always a big concern in this industry, especially in the geotechnical and geological engineering sector.  

Another big issue in the E&C industry is lack of digitisation in its work process.  The industry is one of 

the cornerstones of the world economy, which values worth 6% of total global GDP, but when it comes  

to digitisation, this industry is one of the poorly digitised industry. The love for the traditional work 

method is rooted so profoundly among the professionals of this industry that it is tough to impose any 

changes.  As a result, the industry cannot cope up with the digital revolution that is moving so rapidly 

that it is running behind. A big shakeup in terms of embracing new digitised workflows is inevitable for 

this industry. Building Information Modelling is the tool and process that are linking the E&C sector to 

the digital world. Though some of the engineering entity like structural engineering sector already 

invested time and resource to incorporate digital technology within their work process. But 

unfortunately, geotechnical and geological engineering sector lagged behind.  

The geotechnical engineering process is in the front line of any engineering project. Geotechnical site 

investigation is the first course of action for any engineering project to collect the data to evaluate the 

feasibility and constructability of the project. But this collection and management of geological and 

geotechnical data are not entirely digitised yet. Especially in Slovenian engineering industry where the 

design and engineering company relies on sub-contractors to collect the site investigation data, the work 

process is still very traditional, which follows the linear reporting method. The data transaction by 

following this method is slow and requires multiple manual entries of data in each stage. This data 

entering and re-entering process is a significant source for data loss and less productivity in work.  

To overcome this data management issue, a BIM-based integrated Data Management System is 

suggested. The proposed data management system follows the main principles of BIM – “process”, 

“collaboration” and “whole-life”. The presented data management system follows a circular method 

where data is the centre of all process. Data remain accessible to all stakeholders for the whole life of 

the project.  

For smooth collaboration among the stakeholders, a standardised data exchange format is suggested for 

interchanging data. AGS data format is chosen as a standard data exchange format for the proposed 
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system. The AGS data format allows seamless data integration possibility from the data collection to 

data modelling and even further engineering analysis.   

The proposed Integrated and Standardised Data Management system requires a collaborative venture 

between site investigation contractors and design office. Usually, the sub-contractor is responsible for 

data acquisition on behalf of the design and engineering office and report it back. This proposed data 

management system is a holistic approach, where sub-contractors and design office both require to 

update and upgrade their existing work method.  This change will require an initial investment on 

software and hardware to upgrade and extensive training sessions to educate engineering professional 

about the new workflow and methodologies.  

The proposed BIM-based Integrated and Standardised Data Management system will drastically 

improve work proficiency. It allows sub-contractors to collect and send data in real time to the design 

office by uploading the standardised data file to the data cloud. The design and engineering office can 

directly integrate the data without reformatting to the modelling and analysis software. This method 

reduces the multiple manual data entry manoeuvre and allows data consistency throughout the project. 

Once the system is implemented collectively, it will decrease the data entry time, reduce the possibility 

of data loss, and increase the overall work efficiency.  Data will be readily available at the right time so 

to help take better decisions that will eventually save money.  
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8 CONCLUSION & RECOMMENDATION 

The Engineering and Construction (E&C) industry is going through a digital revolution. Digital 

Engineering is shaping up the future of engineering industry to be more effective and more productive. 

Digitisation is helping the Engineering and Construction industry to utilise the full potential of their 

existing resource and work process. Building Information Modelling (BIM) is the tool and process that 

are linking the E&C sector to the digital world and making a move towards data-driven engineering 

approach from the traditional methods. The basic concept of BIM is to collaborate and share data and 

information throughout the whole life-cycle of the project, from conception to design, build and 

maintenance. The E&C industry is already among the least digitised sector in the world, and within the 

E&C domain the geotechnical engineering sector is even far behind.  In this research project an extensive 

literature review has been conducted to get the insights of geotechnical data management process and 

where it stands in terms of digitisation.  

One of the major goal of this thesis work was to give a clear context about the digital engineering, how 

engineering industry is evolving and adopting new technologies, how BIM is helping connecting digital 

technology to the Engineering and Construction (E&C) industry and at the end what is the current 

situation of geotechnical engineering and the integration of digital technology within its work process. 

The holistic review about the digital engineering and digitisation in geotechnical engineering sector in 

terms of data management laid the foundation and helped to establish the problem statement and finalise 

objectives of this research project.  

The focus of the literature review was to give an overview of data, data management, BIM and how 

BIM is an important tool to optimise the current workflow of data management procedure in 

geotechnical engineering sector. Data is the core of all engineering process. But often data get mixed 

with concept of information. Data needs to be processed to become information.  Basically, information 

comes from data and that is it can be said that better data provides better information.  

The Engineering and Construction (E&C) industry produce enormous amount of data every day. Data 

management is always a big concern in the Engineering and Construction (E&C). Specially, the 

geotechnical engineering area, as the ground investigation process is in the front line of any engineering 

project. Geotechnical site investigation is the first course of action for any engineering project to collect 

the data to evaluate the feasibility and constructability of a project. Geotechnical data have immense 

importance in every engineering project. Most of the risks and uncertainties of an engineering and 

construction project arise from the unknown ground conditions. But despite having significant aspect 

and impact in structural and infrastructural projects, geotechnical data are mostly missing from the BIM 

process. As the whole idea of BIM is to reduce costs by identifying risks at the early design stage and 

reducing it throughout the lifetime of the project, the absence of the vital geotechnical data in the BIM 

ecosystem is quite significant and in turns costly as well. To address this data management issue in 
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geotechnical and geological engineering sector, a BIM-based data management workflow is developed 

with the support of Elea iC, a prominent engineering design and consultancy firm in Slovenia. The 

developed data collection and management workflow will transform the current linear data management 

method that is currently practiced specifically in the Slovenian E&C industry. An implementation 

strategy is also developed and suggested to gradually transform the existing workflow to the newly 

developed one. AGS data transfer format is chosen as a standardised data to interchange the data 

between stakeholders. Standardised data is the key to smooth data exchange. Without a standardised 

data exchange format, the data management system is unable to perform efficiently. A step by step 

strategy is formulated so that, the company can adapt the new work method effectively and without 

creating chaos. The goal of the proposed BIM-based Geological and Geotechnical Data Management 

framework is to integrate and implement newly developed workflow within the engineering company 

where data will be available, accessible, and exchangeable throughout the life-cycle of the project. The 

integrated and standardised data management system will eliminate the repetition of data entry process 

and keep the data consistent among stakeholders. As a result, it will significantly improve the work 

efficiency and reduce the overall time and cost of the whole project.  

The recommendation will be to provide adequate workshop and education program for the professionals 

to make them familiarise with changing work process and to train them so that they can adapt the 

framework. The second recommendation will be to develop a pilot project to implement the newly 

developed method. The pilot project should be developed, executed, monitored and evaluated as per the 

strategy before implementing the whole process within the company.  
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10 APPENDIX 

10.1 Appendix 1 

List of Interviewee from the Company Elea iC  

1. Marko Žiber 

Head of team Tunnels and Geotechnics, iC Partner 

2. Tina Živec 

Project Manager 

3. Sandi Kastelic 

Geological Engineer 

10.2 Appendix 2 

List of Questions for the Interview 

Interviewee Questions 

Marko Žiber 

Head of team Tunnels 

and Geotechnics, iC 

Partner 

 

1. What is the overall opinion about the BIM in Geotechnical and 

Geological Sector? 

2. What is the missing Point and what is needed to overcome this? 

3. What is Elea’s vision about BIM and Geotechnics? 

4. What is Elea’s mission about BIM and Geotechnics?  

5. As a Partner in Elea, what is the goal you want to achieve in terms 

of BIM implementation in Elea?   

Tina Živec 

Project Manager 

1. What is the current workflow within the geological working 

group?  

2. What is the use of Leapfrog Model?  

3. What is the downstream application and use of the Leapfrog 3D 

Model?  

4. What is the other software that are used?  

5. What is the process for information collection?  

6. What is the process that geotechnical and geological team 

currently follow to work together?  

7. Please explain the overall work process of an engineering project 

8. Please answer the research questions of the Chapter 1.4 

Sandi Kastelic 

Geological Engineer 

1. Please answer the research question of the Chapter 1.4 

2. What is the current workflow within geotechnical working 

group? 
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3. What type of software you are using for analysis purpose? 

4. What is the current process of collecting information?  

5. Please explain the overall work process of an engineering project.  

 

10.3 Appendix 3 

The following rules must be used when creating a data interchange file. 

• Rule 1 

The data file shall be entirely composed of ASCII characters. The extended character set may be 

used. 

• Rule 2 

Each data file shall contain one or more data GROUPs. Each data GROUP contains related data. 

• Rule 3 

Within each GROUP, data items are contained in data FIELDs. Each data FIELD contains a single 

data VARIABLE. Each line of the data interchange file can contain several data FIELDs. 

• Rule 4 

The order of data FIELDs on each line within a GROUP is defined at the head of each GROUP by 

a set of data HEADINGs. 

• Rule 5 

Data HEADINGs and GROUP names must be taken from the approved Data Dictionary. 

• Rule 6 

The data HEADINGs fall into one of 3 categories: KEY / COMMON / ADDITIONAL 

KEY fields must appear in each GROUP, but may contain null data (see Rule 15). These are 

necessary to uniquely define the data. *HOLE_ID should always be the first field except in the 

"**PROJ" GROUP, where "*PROJ_ID" should be the first field. 

• Rule 7 

All data VARIABLEs can contain any alphanumeric data (ie. both text and numbers). Numerical 

data should be in numerals. Eg. 10 not TEN. (See also Note 2). 
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Note that all numerals must be presented as a text field. 

• Rule 8 

Data GROUP names, data field HEADINGs and data VARIABLEs must be enclosed in double 

quotes ("..."). eg. for inches or seconds (") must not appear as part of the data variable. 

• Rule 9 

The data field HEADINGs and data VARIABLEs on each line of the data file should be separated 

by a comma (,). 

• Rule 10 

Each GROUP name shall be preceded by 2 asterisks (**). Eg. 

"**HOLE" 

• Rule 11 

HEADINGs shall be preceded by 1 asterisk (*). Eg. 

"*HOLE_ID" 

• Rule 12 

No line of data HEADINGs or data VARIABLEs shall exceed 240 characters. The character count 

should include delimiting quotes and commas. Eg. 

"*HOLE_ID","*HOLE_NATE"    = 23 characters 

• Rule 13 

A line of data HEADINGs exceeding 240 characters can be continued on immediately following 

lines. A data HEADING must not itself be split between lines. A comma must be placed at the end 

of a HEADINGs line that is to be continued. Eg. 

"*HOLE_ID","*SAMP_TOP","*SAMP_REF","*SPEC_REF", 

"*CLSS_LL","*CLSS_PL","*CLSS_BDEN" 

• Rule 14 

A line of data VARIABLEs exceeding 240 characters must be continued on immediately following 

lines. Data VARIABLEs can be split between lines. A VARIABLE continuation line shall begin 
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with the special name "<CONT>" in place of the first data VARIABLE. (PROJ_ID or HOLE_ID). 

The continued data is then placed in the correct field order by inserting the appropriate number of 

Null data VARIABLEs before it. Note that each line of data in a GROUP should contain the same 

number of VARIABLEs. Eg. 

"**GEOL" 

"*HOLE_ID","*GEOL_TOP","*GEOL_BASE","*GEOL_DESC","*GEOL_LEG" 

"501","1.2","2.4","Very stiff brown CLAY with","" 

"<CONT>","","","extremely closely spaced fissures","CLAY" 

• Rule 15 

Null data VARIABLEs must be included as 2 consecutive double quotes (""). Eg.,"", 

• Rule 16 

Data GROUPs can be repeated within a file with different HEADINGs. 

• Rule 17 

The number of data HEADINGs per GROUP shall not exceed 60. 

• Rule 18 

If non-standard units are to be used for any data VARIABLES in a group then a UNITS line must 

be placed immediately after the HEADINGS line. An entry must be made for each data VARIABLE. 

Null entries ("") must be used for data VARIABLES that are in standard units. The non-standard 

units must be entered between " ". The line must begin with the special name <UNITS> in place of 

the first data variable. (PROJ_ID or HOLE_ID). Eg. 

"**GEOL" 

"*HOLE_ID","*GEOL_TOP","*GEOL_BASE","*GEOL_DESC" 

"<UNITS>","FEET","FATHOMS","" 

• Rule 19 

Each data file shall contain the "**PROJ" GROUP. 


