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Abstract 

With regard to the flow of information and documentation as well as the level of detail in the implementation of risk management in 

construction projects, we see different degrees of professionalization. Risk assessment of identified construction project risks is largely 

intuitive and affected by the experience of the individual employee. Hardly any company carries out a systematic evaluation of the preceding 

risk list or systematic continuation into its system.  

Following a design-science research approach, we developed a conceptual framework for consistent risk management in construction 

companies that provides the basis for the application of BIM to risk management. The framework is based on a survey among 249 

construction companies and expert interviews. The result of the analysis is: Empirical data on risks from completed projects are not evaluated; 

The exact functioning of the risk management process in construction projects is often not clear; There is a lack of tools that allow 

documentation of risk management processes. The designed framework combines these three issues and consists of three modules helping 

the implementation of structured risk management. Module one is a risk catalogue based on the risk catalogue, published by the Institute 

for the Construction Industry. [1] Module two is the representation of the target process of risk management in construction projects, 

which was modelled, based on literature review and expert-workshops. Module three is an excel-based tool for the application of the risk 

management cycle. The framework was iteratively designed, improved and evaluated in workshops. The paper provides incentives for actors 

in the construction industry to improve their risk management and it presents a basis to apply the BIM methodology to risk management 

in a next step.   
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1 Introduction 

In 2015, an analysis of the failure of major projects in the construction industry showed that the topic of risk management and its influence 

on the construction process are decisive factors in the development of a construction project [1]. Alongside other aspects such as costs, 

deadlines and quality, risk management is crucial to the success of a construction project [2]. The risk management cycle, consisting of the 

identification, assessment, control and monitoring of risks, helps to identify deviations from planned targets at an early stage and to take 

countermeasures [3]. Proactive action can be taken, i.e. risks such as delays and cost increases can be avoided before they occur. Studies such 

as those by BBSR (2020) [4] and Stempkowski (2004) [5] show that systematic risk management can lead to positive effects such as lower 

cost fluctuations and quality deficiencies [5]. Unlike in other sectors, risk management has not yet been part of the core business in the 

construction industry. Little attention is paid to the identification and management of risks. As a study by Eilers et al. (2020) [6] shows, 

construction companies mostly apply company-wide strategies in risk management using Excel tools or in-house software solutions. 

However, the risk management of a project is usually not carried through to the execution phase. When assessing risks, the financial and 

scheduling implications are not considered in the tender submission. Risk assessment is largely intuitive and shaped by the experience of the 

individual employee. After project completion, the knowledge gained is only transferred to selected employees in a conversation at 

communication level. Hardly any company carries out a systematic evaluation of the previous risk list or a systematic continuation and 

feedback into its system.  

There is potential here in making risk management processes more consistent: regular identification of risks, adjustment of assessments and 

linking with other processes can make the risk management of construction stakeholders more effective. Digital information is the most 

important aspect in the process. The acquired data from projects can be analysed and used for products, processes and subsequent projects. 

In this paper, we show how the status quo at construction companies can be improved and give an outlook on how the BIM method can be 

integrated into the process.   



 

      

 

2 Research Method 

A survey of 249 construction companies by means of a questionnaire on risk management in their company serves as the basis for the analysis 

and as the data basis for the creation of the framework. This evaluation is supplemented by expert interviews with risk managers in the 

construction industry. Both surveys were conducted in 2019 - by means of online questionnaires and semi-structured interviews respectively. 

From these two surveys, the status quo regarding the application of risk management and the need for development regarding risk 

management is derived [7]. In addition, a literature analysis of risk management tools was conducted. In the first step, software tools for 

risk management available on the market were researched. In the second step, these were examined with regard to their functions and the 

degree of digitalisation [6]. The conceptual framework, which was developed in a design science research approach, is based on the analysis 

described.  

The development of the framework proceeded in a design cycle in three development cycles. In each development cycle, a workshop was 

held with 10-12 representatives of the construction industry. During the workshops, the contents developed so far were presented and 

discussed. Following the respective workshop, the experts' input was incorporated into the framework. The following figure graphically 

depicts the procedure in the design process.  

 

Figure 1: Design-cycle of the conceptual framework [own visualisation]   

3 Conceptual framework 

The results of the survey and the expert interviews serve as the basis for the creation of the framework. They provide the data basis for the 

development of modules 1 to 3 of the framework.   

1.1 Results of the analysis 

In summary, the interviews and the survey revealed that risks identified at an early stage, have a positive influence on the course of the 

construction project. Through risk management, customers are retained, costs are saved and potential for improvement can be generated for 

subsequent projects. In addition, greater transparency is created through information such as costs, deadlines and qualities and other risks, 

that are important for the entire construction phase. By scanning relevant construction processes and implementing risk management, 

systematic work is created and this results in higher employee motivation. Disadvantages of using risk management are, for example, too 

much effort for the risk management process with a small project size. A very risk-affine behaviour can make the bidder's competitive offer 

too unattractive if every risk is considered in terms of money and time. A balance should be found here. Risk management demands openness 

and a tolerance for mistakes from the staff. However, the feedback from the experts and from the survey was that there are no disadvantages 

by using risk management [6]. Furthermore, when analysing different software tools, we did not find a solution for the application of risk 

management using BIM at component level. Therefore, we conclude that a development of a suitable interface for the application in a software 

is necessary. We are developing the solution as part of the ongoing research project "BIM-based risk management" as a risk management 

tool for application in the context of BIM [7].   

Overall, the analysis showed that three aspects lead to improvements in the project business when applying risk management in the 

construction industry: Risk catalogues as a basis for risk identification, a handbook for the implementation of risk management processes 

and a digital application for risk management (hereinafter referred to as risk management tool), which closes the gap in the software 

possibilities. The conceptual framework takes up these three aspects and offers a suggestion for implementation.  

The first step in linking risk management with the BIM method is to model the risk management processes and link them with the other 

project processes of a construction project. Three modules are necessary for the linkage. Module 1 is the risk catalogue, which is necessary 

as a basis for the development of the subsequent steps. Based on the risk catalogue, module 2 models the target process of risk management, 

which is necessary for the application of different actors and sub-processes of a construction project. In module three, the findings from the 

previous modules are summarised and a user-friendly solution for application in construction projects is developed. 



 

      

 

2.1 Modul 1: Risk catalogue for project risk management in a construction project 

Module one is a risk catalogue based on the risk catalogue published by the Institute for the Construction Industry [8] and created by the 

working group Risk Management for Companies in the Construction Industry. Within the framework of a workshop, the developed basis of 

the risk catalogue was discussed with experts from the construction industry, which serves as the basis for the tool. Subsequently, the 

catalogue, developed in 2009, was expanded by the individual practice partners with explanations of their digital tools, aids and associated 

documents for each risk. Due to the fast development of digital tools, the original catalogue was expanded to up to date standards. About 

one third of the risks included were expanded or adjusted in this way. The risk catalogue was developed through a design thinking process. 

In this way, benefit, feasibility and marketability were equally taken into account. The workshop served to understand and observe the 

problem. A prototype of the catalogue was then developed, refined with the experts and finally brought into its final form. The results and 

requirements are divided into the client's view and the construction company's view and have been incorporated into the risk management 

tool. The risk catalogue is subdivided into the individual superordinate project phases, such as the bidding phase and the execution phase, 

and is subdivided into the categories of technical, scheduling, commercial, legal and other risks for each phase. Each risk type is assigned a 

number for each phase. The number is used for later documentation and risk tracking for analysis and collection of empirical values for 

subsequent projects. The following figure shows the structure of the risk catalogue using the example of technical risks for construction 

companies in the bidding phase. In total, the risk catalogue for construction companies contains 158 risks. The complete catalogue can be 

downloaded here:  

https://biminstitut.uni-wuppertal.de/fileadmin/biminstitut/Download-Bereich/BIM-

basiertes_Risikomanagement/Risikokatalog_Bauunternehmen.pdf 

 

Figure 2: Presentation of the risk catalogue [own visualisation]  

This risk catalogue provides a construction company with a basis for identifying risks. It can be used as a kind of checklist to identify risks 

in all phases of a project as well as in all substantive areas. It can be adapted to the individual circumstances of a company and constantly 

expanded.  

3.1 Modul 2: Target process risk management 

Module two was modelled on the basis of literature research and expert workshops. The basis for linking risk management processes with 

the BIM method is a consistent use of the risk management process that already exists. This means that the relevant process steps are known, 

clearly described and practised. The survey of the practice partners and other construction companies and clients showed that the risk 

management process has not yet been applied as standard, but rather that only individual sub-steps are implemented or that no structured 

procedure takes place. For this reason, the risk management process was first considered and modelled separately from the BIM method, a 

so-called support process.  

The second step towards linking with the BIM method is the modelling of the risk management processes and their linking with the other 

project processes. For this purpose, the described risk management process was represented with the help of process modelling based on the 

structure of Business Process Modelling Notation 2.0 (BPMN 2.0) [9]. Each step of the created risk management process is broken down 

in more detail in further levels of the process model. The process "Identifying risks and opportunities", for example, is divided into the 

process steps "Describing risks/opportunities", "Defining a brief description", "Determining cause and effect of risks" and "Assigning a 

risk/opportunity category". In this way, all process steps are interlinked and clearly presented. In a second step, the modelled risk 

management processes are then linked to the other processes of the presented project, e.g. cost control. In this way it becomes clear, on the 

one hand, at which point in the project risks have to be identified, assessed and controlled and, on the other hand, which processes provide 

information in order to be able to better assess risks. Input and output documents describe where the information that is valuable for risk 



 

      

 

management comes from. The risk strategy specifies for the process step of risk identification, for example, in which categories risks are 

identified, from which sum these should be considered and whether only project or also company risks should be observed. The risk 

identification process produces a list of identified risks, which in turn serves as the basis for the risk assessment step. Here the aspects that 

need to be assessed can be determined.  

 

Figure 3: Support process risk management, excerpt: Overview [own visualisation]  

In order to be able to present the risk management process clearly and easily understandable, the support process is displayed as a process 

model. This makes it possible to present the complex processes and information clearly and to map them using catchy symbols.   

4.1 Modul 3: Riskmanagement-Tool 

Module three is an Excel-based tool for applying the risk management cycle. The framework was iteratively designed, improved and 

evaluated in workshops. In the investigations of the status quo, it became clear that hardly any company is currently working with risk 

management software and the application of BIM is not advanced enough to link risk management directly to the method. The Excel tool 

therefore offers a possibility that, despite the need for development in the field of BIM, can be used directly by construction companies and 

clients and at the same time enables the digital recording and evaluation of information. The Excel tool includes a variety of macros and 

automations to simplify the processing and compliance of the systematisation of the information by the respective employee. The Excel 

format was chosen for ease of use in individual companies. The tool can be easily adapted to the individual needs of the company in order to 

increase the motivation of the use by the employees and to enable the integration into the respective work processes in the different 

companies. The following figure shows an excerpt from the tool.   



 

      

 

 

Figure 4: Screenshot of the risk management-tool [own visualisation] 

The tool shows typical risks of construction companies and facilitates, the identification as well as the complete risk management process for 

the own construction project, based on the developed risk catalogue. The project information from the tool is evaluated after project 

completion and the transparent flow of information, regarding risk management in the construction project, is improved and made accessible 

to those involved in the construction. Through systematic data collection, the information gained can be used as empirical values for 

subsequent projects and thus increase the achievement of quality, cost and deadline targets in the long term. In addition, the experiences can 

be fed back to the respective departments in order to optimise the internal process of project handling. In this way, the tool offers a solution 

to the problems identified in the context of the stocktaking in the current implementation of risk management, both in construction 

companies and with clients. The tool serves as a template for further developments and should be understood as an active working tool. The 

entry is made for each individual risk, and each individual risk is evaluated according to neutral, risk or opportunity. Neutral individual risks 

are not transferred to the overview. Risks with danger or chance are transferred to the overview in which the risks are evaluated, controlled 

and monitored. In the assessment, the probability of occurrence and the extent of damage are determined in terms of costs and schedule 

deviations, in the control the measures such as transfer, avoid or mitigate and in the monitoring the success of the selected measures. 

The tool for construction companies begins with a request for project information. Then, in individual worksheets, the phases of project 

selection, bid processing, execution phase and warranty phase are worked out according to risk categories in the risk catalogue that is being 

compiled. All activated risks are summarised in the "Overview" worksheet. The overview sheet of the documentation serves to illustrate the 

identified risks, the respective measures and gives an overview of the contractual target of the construction project with the actual deviations 

in costs, deadlines and quality. From this, knowledge can be gathered for subsequent projects and experience can be fed back to the respective 

departments. In addition, the findings can be used to optimise work processes and align the corporate strategy. The information can show 

optimisation possibilities in every area of a company. [3] 

4 Discussion   

A lack of risk management has already been described in the literature as a reason for the failure of construction projects. The basics of risk 

management in the construction industry are given by Girmscheid [2], for example. As the analysis of the status quo shows, there is 

currently no guidance for companies on how these aspects can be implemented in practice. This is where the conceptual framework comes 

in. The paper gives the actors in the construction industry incentives to improve their risk management, and it provides a basis for applying 

the BIM methodology to risk management in a next step. We have also developed a recommendation for action based on the previous results, 

which is available for download for interested users on the BIM Institute page. [10] The recommendation for action is subdivided into the 

individual process steps of risk management. Each process step provides ideas and possible actions for implementation. The implementation 

can be realised according to the individual possibilities of each company. At the same time, the recommendation for action serves as an 

opportunity to evaluate the previous implementation of risk management.  

The developed framework serves as a basis for the application with BIM. The information for risk management and BIM can be combined 

in two ways. The first way is to integrate all the required information into an open data model, and the second way is to establish a link 

between the generated information captured by the BIM method and the risk management processes. Not all BIM-related software can 

support the generation and management of risk information and IFC has not yet defined a framework for risk information. [11] BIM can 

act as a central database. The relevant required information can be exported via the BIM coordination platform. By entering information, it 

can be filtered from the risk management tool so that risk management and BIM can be combined. The advantage of linking the IFC model 

with risk information is that the risk information is component-related and can, for example, be analysed process-dependently/status-

dependently during construction progress control. By combining BIM and risk management, the user obtains a more accurate and detailed 

database through the collection of digital information.   



 

      

 

Three principles are important for the application of BIM in connection with the risk management process. The principles of integration, 

dynamics and accuracy ensure a smooth process in the application: 

The integration of digital data and information into the respective process steps must be possible for a smooth flow in project processing. 

Through this, a database can be built up over the complete life cycle of the property and the information can be accessed by the respective 

participants. [12] In addition, the exchange of information in the individual phases and between the different users is facilitated. The data 

should be stored in a predefined structure and provided with appropriate access rights. Each participant submits their information and 

transfers this information to the BIM collaboration platform using their own application software via a specific interface. The integration of 

information runs through the entire risk management/project workflow process. The entire process forms an integrated, interactive whole. 

The different modules are interdependent and influence each other. [13] 

Due to the constant change from the information base, all processes must be able to adapt and develop dynamically. The BIM method makes 

the changes digitally readable and adaptable. For example, the BIM-based rule check verifies the actual state of the construction project and 

makes the conditions available digitally and visually. The exact project status is imperative for successfully applied risk management. [12] 

Accurate information and data are most necessary conditions in the application of risk management. The applications of digital tools by 

different project participants often cannot directly exchange information due to different formats and standards. Using IFC standards, 

information is standardised and defined on the BIM collaboration platform to ensure completeness and accuracy of information exchange by 

different participants. [14] Information generated from the BIM model includes, for example, component-related quantities, qualities and 

all attributes that are necessary for determining the risk assessment or risk control. 

The exchange of digital information between project participants is mandatory. Furthermore, the client can include the conditions made in 

the risk management tool as a basis in the AIA. A distinction should be made here between the project phases of project development, 

planning, realisation, operation and dismantling. Each phase is divided into the risk categories technical, scheduling, commercial, legal and 

other. The client defines measures, responsibilities and bases for each individual risk. This information can be requested from the contractor 

by the AIA in order to implement dynamic risk management. Here, of course, the exchange of data internally and to the project participants 

must be taken into account. Risk information may contain internal information such as costing approaches. Here, the management should 

specify which information may be passed on to the stakeholders and which information is only used internally.  

For the application of BIM for the risk management process, processes must be concretised, digitalised in the companies and responsibilities 

defined. Forms in the company and in the individual project phases must be digitised and linked to software options. Checklists and required 

documents should be regularly maintained through experience and market adjustments and centrally stored for each employee. 

5 Conclusion   

This paper presents a conceptual framework for the application of risk management in construction projects. The development is based on 

surveys of the status quo of the application of risk management. By using the risk management tool, the critical processes in a construction 

project are analysed and the support process is integrated into them. This results in an overview of the critical processes for the different 

phases from the respective perspective of construction companies or owners. Helpful tools and documents are formulated for each of these 

processes. The overview serves to link and highlight potentials for the use of BIM. Advantages of using BIM applications and digital tools 

in the risk management process are better risk assessment, digital information management, information can be accessed promptly and 

regardless of location, and the evaluation and further processing of the digital data. [15] 

When using the risk management tool in the various project handling processes, there is a high degree of potential for using BIM in the risk 

management process. When using the tool in the risk assessment form, the extent of damage must be determined for the area of costs and 

deadlines. Through the BIM applications quantity takeoff, cost planning and cost determination as well as scheduling, the assumption 

becomes more concrete and transparent for the project staff. The 3D modelling of the construction project is built up in the planning phase 

and attributes are defined to support the prefabrication process. In addition, shell and finishing dimensions are generated from the models, 

which serve as the basis for the bill of quantities and costing. Deadlines and costs can thus be determined in a simplified way and have a 

sound basis. 

The integration of the BIM method also has a positive supportive effect on the risk control and risk monitoring of the individual risks in the 

risk management tool. Tablets are often used in construction site operations. These allow access to the documents, checklists and work aids 

in the cloud. In addition, barcodes are sometimes stuck into each room on the construction site and the site manager has the option of 

retrieving the attributes and information important for the room via tablet. The complete defect management is created daily via the site 

manager's tablet and the information is stored in the cloud. The areas of construction site logistics, modularisation, systematisation of 

building products and components are currently the focus of integration into execution. The various digital tools as well as the multitude of 

BIM applications offer higher certainty about the actual state and conditions on site here. [16] 



 

      

 

In the next step, the results presented here will be transferred by the authors into software in order to develop a self-defined BIM use case 

"Risk management in construction from the perspective of a construction company". The BIM use case is created using the "Guideline for 

structuring and building BIM applications". [17] For the use case, the first step is to import a schedule and connect it to the 3D model of 

an IFC file. The use case then begins, for which programmed forms are used for the application of the risk management process in the 

construction process. The developed forms are all linked to each other as well as to the schedule and the 3D model. In each form, further 

properties and risk information can be added as a result to the 3D model or the respective selected construction element, or the user can have 

properties such as volume and area displayed in the form, e.g. for risk assessment. The process starts with the construction progress control 

and the user can enter data to get to the first form of the risk management process. The advantages of the implementation are that one has 

a transparent and seamless exchange of data and information between the scheduling and the digital construction data model. This links the 

risk management processes with real-time data and provides a well-founded data basis for documentation, for example, that can then also be 

used for construction diaries or communication with the client. [7] 
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