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Rock Engineering Research Foundation – BeFo 
Programme for Research, Development and Innovation 2017-2020 

1. Introduction
According to the statutes, the mission of the Rock Engineering Research Foundation (BeFo) is 
to “promote and conduct research and development in the field of rock engineering, 
including blasting and explosives technology, with applications in rock facilities above and 
below ground”. 

Many large projects involving underground facilities in rock are currently under construction, 
about to start, or are in the planning phase. There is a sizeable stock of facilities and mines 
requiring management, including tunnels, rock caverns, shafts and rock cuttings for 
transport, energy and mining activities. Existing stock also includes facilities that are being 
converted for new uses compared to their original purpose, which requires new investments 
and new measures relating to operation and maintenance. New construction and 
reconstruction, management of existing facilities, and meeting requirements for social, 
environmental and economic sustainability requires measures to develop knowledge and 
ensure a supply of skills. 

BeFo’s activities and research programme as a whole are aimed at promoting safe, 
sustainable and profitable rock construction that strengthens BeFo’s founders, the sector 
and society as a whole. To attain this aim, a holistic view is needed, and research fields must 
cross boundaries to other disciplines from those that relate directly to rock engineering.  

The foundation’s working methods aim to facilitate implementation of research results in 
the market. The projects that are granted funding are needs driven – the research 
programme has been produced in dialogue with BeFo founders and the universities of 
technology. The research projects are carried out in close collaboration between the parties, 
which makes it easier to disseminate results. 

CONTACT  
Rock Engineering Research Foundation – BeFo 
Per Tengborg 
Box 55545, 102 04 STOCKHOLM 
Visitor address: Sturegatan 11 
Tel: 0706-38 58 04 
E-post: per.tengborg@befoonline.org

www.befoonline.org 

mailto:per.tengborg@befoonline.org
http://www.befoonline.org/
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2. Organisation 

Since the foundation was set up in the 1970s, BeFo has been a stable and long-term actor 
that has been a driver in shaping a successful national research and innovation environment 
within the sector.  
 
BeFo’s founders comprise a broad group of companies and organisations with a common 
interest in developing rock engineering. They represent public agencies, owners, designers, 
contractors, energy producers and mining companies that are involved in planning and 
implementing different types of rock facilities and that are responsible for operating and 
maintaining them.  
 
As main financers, the major contractor organisations, the Swedish Transport 
Administration, the Swedish Nuclear Fuel and Waste Management Company (SKB) and the 
power industry through Energiforsk - The Swedish Energy Research Centre allocate funding, 
on behalf of the foundation, for research projects within the different areas of the 
programme. The projects will ultimately generate benefit for each organisation.  
 
BeFo announces three calls for applications a year (April, September and December), when 
project proposals and applications for funding are submitted. The aim of the project 
proposals is that the researcher will receive a statement from the BeFo Research Committee, 
with an assessment of relevance, feasibility and need for the project, which can be useful for 
any subsequent application for funding.  
 
Applications for research funding are evaluated and assessed by the BeFo Research 
Committee, which makes recommendations to the BeFo board regarding projects to be 
allocated funding. Within the framework of the research programme, the main financers 
may call for targeted applications in highly prioritised research initiatives within each 
organisation.  
 
The budget at BeFo’s disposal for existing and new research projects is of the order of SEK 10 
million per year. This means that BeFo can have 30-40 research projects running, of which 
over half are PhD projects. Research projects vary from short projects of one year up to 4-5 
years for PhD projects. 
 
BeFo is positive to co-financing, and a broad funding base normally strengthens an 
application, although this is not a requirement. 
 
More and current information about BeFo, dates of calls, and BeFo activities can be found on 
the website, www.befoonline.org. 
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3. Production of the programme and priorities 

 
Process 
This programme has been drawn up on the basis of continuous dialogue with the research 
community and the sector, and through specially arranged workshops with the foundation’s 
founders. The intention is to form a basis for, either individually or through collaboration 
with other expertise, formulating a project proposal for approval and prioritisation in the 
foundation’s Research Committee and subsequent decision on implementation, taken by the 
BeFo board. The programme is also intended to stimulate promising ideas that, in 
collaboration with BeFo, can be developed into feasible research and development projects. 
 
Vision for 2035 
Our society is facing many difficult challenges – the climate threat, requirement for 
sustainability, including better utilisation of resources, pressure from a growing population, 
and urbanisation that must be managed – while we still want to retain a high standard of 
living. In many cases, construction that makes better use of the underground resource can 
provide attractive solutions.  
 
Tunnels for energy production, rock caverns for energy storage and waste management, and 
tunnels for communication and utility supply are examples of solutions that are expected to 
become more common in the future. Growing urbanisation means that the underground is 
starting to become congested, which places particular requirements on planning and 
implementation of underground solutions in urban areas. The mining sector is also facing 
major challenges, not least because of great depths. At the same time, the limits for what is 
an acceptable work environment and environmental impact are becoming more stringent, 
so there is a risk that the range of feasibility may decrease. If we are to attain and maintain a 
reasonable and sustainable balance, and to ensure efficient use of rock as a natural 
resource, we need to increase knowledge about mining and building in rock. 
 
We can see that the scale of underground construction is increasing considerably. Today, 
underground projects in rock in Sweden are carried out for more than SEK 7 billion per year, 
so this is an extensive sector. Improvements in efficiency through research and development 
are therefore very important. 
 
Based on a workshop and other discussions with the founders on the theme, ‘Future Goals 
and Visions’, a pattern has evolved of the development level and status of the sector in a 
longer perspective of about 20 years, i.e. until around 2035. What kind of rock engineering 
sector do we want, and how will it function in the mid-2030s? Key aspects like sustainability, 
environment and safety in rock facilities and construction activities, efficiency and 
maintenance will clearly be important. 
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A vision in a 20-year perspective for BeFo’s activities can be summarised as follows: 
 

- Placing new infrastructure and public facilities underground can stimulate new 
directions in urban development and planning. Robust, well maintained and 
smoothly operating underground facilities are an important part of a sustainable 
societal development. 
 

- By retaining global competitiveness for training and research in infrastructure 
construction, facility technology and rock engineering, combined with strong 
technical development of underground construction, a sustainable and robust 
societal development is promoted that benefits the national standard of living. 

 
- Well documented and proven risk-based methods will be used for planning, 

designing and building underground facilities and mines. The methods will balance 
project needs in a life cycle perspective in terms of production costs, function, ability 
to withstand extreme events, and operation and maintenance. Analyses will largely 
be carried out by engineers and urban planners working in collaboration. 

 
- In all areas of society, we are seeing faster developments in technology and 

comprehensive digitalisation, which are the drivers for new types of skills, service 
production, working methods and entrepreneurship. In time, robotics, datavision and 
measurement/sensor technology will enable automated robotic solutions for 
facilities under ground, not least in view of the existing ageing facilities. 

 
- Users are more likely to accept infrastructure and public facilities in rock if 

underground spaces are planned with more consideration for benefit, easy 
accessibility, directions, safety and aesthetics. 
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Holistic perspective for sustainability  
The concept of sustainable development was originally formulated in the Brundtland 
Report1: Sustainable development is the kind of development that meets the needs of the 
present without compromising the ability of future generations to meet their own needs. The 
report also identifies three dimensions to the concept of sustainable development: 

ecological, economic and social sustainability. The 
concept is illustrated in the diagram. If all 
components are included, the development, service 
or product is ‘sustainable’. 
 
Society expects that the sector will take 
responsibility for social, ecological and economic 
sustainability. This needs to make an impact in 
research, so that methods and materials are chosen 
on the basis of a holistic perspective. Greater 
collaboration between different skills and expertise 
will help to attain this.  
 

 
Environmental or ecological sustainability  
Environmental sustainability can involve working with climate-neutral methods and 
materials, and energy-efficient machines. Today, mines have come a long way with electric 
machines, but more efficient and thereby environmentally sound methods for extraction of 
rock and excavation must be developed. Building materials should also be chosen in relation 
to the sustainability aspect. Here, development and use of the Life Cycle Assessment can be 
a way to move towards environmental sustainability in underground projects. 
 
Social sustainability  
Social sustainability includes health and safety, justice and equality. A well-planned 
underground construction can release land previously occupied by roads and railways for 
other uses, such as housing, workplaces or recreational areas. Creating secure and safe 
environments in rock facilities is an issue for the future, where the goal is zero accidents. For 
a safe work environment, automation and robotisation may be necessary to avoid accidents 
and incidents. In the longer perspective, this makes ‘zero entry’ possible, where no people 
work underground in mines or in underground construction projects. 
 
Efficiency in processes 
One part of the economic dimension is efficiency in the processes, which will improve the 
financial aspects of underground construction, i.e. ‘more rock facilities for the money’. 
Improved efficiency means that processes are clarified for planning, design, construction and 
maintenance, so that the sector can develop better tools and working methods for attaining 
well-defined goals with reduced labour input.  

                                                           
1 Report of the World Commission on Environment and Development: Our Common Future. http://www.un-
documents.net/our-common-future.pdf 

http://www.un-documents.net/our-common-future.pdf
http://www.un-documents.net/our-common-future.pdf
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‘FIA, Renewal in the Civil Engineering Industry’ has gathered the sector, from developers to 
suppliers, around the insight that change and renewal are both necessary and possible. The 
overall objective has been to build more facility for the money, and generate stable and 
sustainable profitability for the suppliers. The Swedish Transport Administration has 
therefore implemented ‘PIA, Productivity and Innovation Development in the Civil 
Engineering Industry’, which focuses on their activities and includes a specific ‘Productivity 
Programme for Rock Constructions’. These programmes have identified the need for 
efficiency improvements. 
 
The maintenance aspect is important, to secure safe and long-term operation. A useful tool 
for assessing choice of material and design is the LCC analysis (Life Cycle Cost). Input data 
must be developed as support for application, particularly reference tables of historical 
measures (e.g. original investment costs and maintenance carried out) and further 
development of methods for permit assessments. With the help of the tool, underground 
facilities can be designed for rational and efficient maintenance.  
 

4. Infrastructure for research, development and demonstration 
New ideas concerning products, methods and processes need to be developed through 
testing and demonstration under realistic conditions. Traditionally in BeFo projects, this is 
often done in conjunction with the construction phase in real-life projects. This can entail 
various restrictions, such as pressure of time, lack of accessibility in both time and space, and 
a difficult work environment, which can limit the value of the test and the demonstration.  
 
An alternative is to use special rock facilities for research, development and demonstration 
where there are realistic conditions or where these can be simulated. The Äspö laboratory, 
which for many years was a research facility for SKB, is now a test and demonstration facility 
available for academia, companies and technical instutions, and this is being continually 
developed.  
 
BeFo is encouraging the use of test and demonstration facilities to help realise innovations 
and implementation of new technology within the infra field, mining and the power industry. 
 

5. Research fields 
In the following section, the current, partly overlapping, research fields are described. In all 
areas, projects may focus on basic development of understanding and knowledge, while 
other are directly aimed at practical application.  
 

1. Underground planning 
2. Construction process 
3. Investigation and characterisation during planning, implementation and operation 
4. Rock reinforcement and design 
5. Grouting and water- and frost-proofing  
6. Rock excavation and mining operations  
7. Operation and maintenance 
8. Materials – function and durability  
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Social, economic and environmental sustainability, including safety and work environment, 
are key elements in all the research areas and are crucial for the development of the sector 
and society. However, they are not seen primarily as separate research fields, but rather 
aspects that are very relevant in all eight, more specialised, research fields. The aspects must 
therefore always be analysed, considered, illuminated or managed in some way within every 
research project. The general aim is to place greater emphasis on a holistic approach and 
sustainability.  
 
The expected results, seen from a sustainability perspective, must also be presented in the 
research application. In cases where the expertise for relevant sustainability aspects for the 
research field is lacking, applicants must show how the research project can incorporate 
sustainability in the application, the project implementation, and in the final results. 
 
For impact in the sector, it is not enough that developers, designers and contractors work to 
improve sustainability. It needs to be incorporated already in the research and development 
phase, where new approaches, designs and solutions are formulated. Greater emphasis on 
sustainability in research is not only expected to lead to the research and development 
results being assured for sustainability, but also stimulate a specific sustainability approach 
in research and promote a holistic view in the sector.  
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1. Underground planning 
 
Cities are growing and densifying, which is very evident in Sweden’s large cities. A denser 
urban structure can promote sustainable urban development but also requires good 
accessibility to everything the city has to offer. Here, carefully planned and implemented 
underground solutions can promote a good living environment. 
 
It is the municipalities that have main responsibility for planning how land and water are to 
be used. It concerns creating an attractive urban environment, while meeting national and 
regional climate and environment goals. By placing certain functions underground, the land 
above ground can be used better, while helping to build a well-functioning society with good 
living conditions. 
 
Needs 
The underground is a finite resource even if it can be expanded to deeper levels. Good 
planning is therefore important, where existing facilities are documented to prepare for 
future underground facilities, and to reserve space for future needs. Without such long-term 
underground planning, there is a risk that the most attractive positions will be blocked by 
developers who build according to the ‘first come, first served’ principle. The risk then is that 
long-term societal interests are ignored, and that attractive positions are used up and block 
other, perhaps more important, purposes. Reuse of existing facilities for other purposes is 
also an example of resource management, such as conversion of underground bunkers to 
museums. 
 
The physical planning is done by the municipalities, which have a monopoly over planning. 
There is currently a shortcoming regarding the long-term planning of the underground and 
the necessary integration of what is built above and below ground. An international concept 
for this type of plan is the ‘Underground Master Plan’. We are currently lacking such a plan 
in Sweden, but there are good examples from other places, such as Helsinki and Singapore.  
We see a need for research and development in underground planning and integration with 
other municipal planning.  
 
Research and development is also needed to produce various data sources for underground 
planning, such as digital tools that work in 3-D to describe and link areas, including the 
uncertainties relating to rock construction that planners need to consider. There is currently 
no general method for managing these issues. 
 
In the planning process, the consequences of the planned changes must be described, and 
should cover social, economic and environmental aspects. The social impact description 
needs to show the conditions that arise when people spend time underground, and there is 
currently not much research, either in Sweden or internationally, in this area. For example, 
the lack of daylight and ability of users to orientate themselves in relation to their 
surroundings underground must be considered. This is why the design and decoration must 
be adapted to people’s experiences and create positive and attractive environments.  
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2. Construction process 
 
Here, the construction process relates to the phases from design of a facilty to the 
completion of the as-built documentation. 
  
Many rock projects will be realised in the coming decades. At the same time, the sector is 
experiencing delays and escalating costs in many implemented projects. There are many 
reasons why it is difficult to make accurate assessments in the early phases.  
 
A study of important success factors in rock construction showed that it often depends on 
the relationships between different parties in the planning and construction process. New 
forms of collaboration between the different parties in the construction process have been 
tested, partly within the framework of FIA (‘Renewal within the Civil Engineering Industry’), 
and with the common interest in building facilities that meet everybody’s expectations, i.e. a 
final product that meets the specifications within the planned budget and that suppliers can 
use as a reference in future projects. Communication and collaboration in the sector, and 
between the sector and society, politicians and the general public, must be improved.  
 
Needs  
Examples of needs are to develop better forms for remuneration, quality control, risk 
assessment and risk allocation specific to rock tunnel projects. Risk aspects must be adapted 
to the interactive process required because rock conditions are not fully known in advance. 
Functional requirements have entered the sector’s documentation in recent years, and 
guide the construction process.  
 
Construction with the Observational Method means that initial design of reinforcement and 
sealing measures may be adjusted if deviations from predefined limits of acceptable 
behaviour are exceeded. There is a need to develop remuneration forms that are better 
adapted to this methodology and that clearly define the risk allocation and responsibility 
when the design gradually changes.  
 
How do we define the specification for the structure, and how is this verified? Remuneration 
forms and risk allocation have been shown to be particularly important in conjunction with 
grouting. This can mean that construction documents must describe more clearly the 
respective responsibilities of the client and contractor (function, quantity, time, etc) in 
different phases.  
 
There is a need for a general discussion on forms of planning and implementation of rock 
projects based on experiences so far, and on ways to optimise the entire process. This 
includes the issue of acceptance based on successful communication and collaboration with 
society and the general public, with a sustainability perspective. The scope and role of the 
pre-investigations in the planning phase and how the information is used in the subsequent 
process should be analysed. The sustainability perspective needs to permeate the project. 
Analysis of methods, materials and impact should all be included early in a project, so there 
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is a need for LCA (Life Cycle Assessment) analysis that can also be of benefit in the permit 
processes during the course of a project. 
 
Digital models and databases are used today throughout the construction process, and 
provide valuable information for quality assurance and documentation of the processes. 
However, practical methods and procedures must be developed to ensure a common 
approach and application in the sector.  
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3. Investigation and characterisation during planning, implementation and operation  
 
Rock and underground construction is dependent on comprehensive investigations and pre-
assessments of rock conditions in different phases of the construction process – the planning 
phase, construction phase, and the operational and maintenance phases.  
 
Needs  
Examples of needs can be to create a better basis for assessments based on the engineer’s 
geological experience, and carefully planned investigation measures both before and during 
construction, but also in the operational phase when maintenance is planned. Improved 
data collection, interpretation of collected data, development and use of new tools, and 
visualisation of results must be tested to promote better planning and decisions in different 
phases of rock projects. Storage and interpretation of data in 3-D and 4-D is already used in 
the construction and mining sector, from planning to construction and operation. Methods 
must be developed and implemented for more accurate quality assurance, forecasts and 
documentation throughout projects and for future projects. The possibility to obtain real-
time predictions of rock content and its properties in rock extraction can also enable 
production that is better in terms of both work environment and efficiency. 
 
Several properties are investigated in the field or in the laboratory. This includes rock 
mechanics and other physical properties that require special technology and processing of 
primary data. Better models and technology are needed for data collection and 
interpretation and visualisation of information, with the aim of rapidly providing, in real 
time, clearly presented data that can form the basis of decision making. There is also a need 
for material that illustrates the reliability of data and gives more comprehensive 
information.   
 
Interpretation and reporting of results of investigations is linked to how data is best used in 
gradual updating of conceptual models for characterising the rock and its rock mechanical 
and hydrogeological properties. No method can provide all information that is measurable, 
but different methods complement each other, and here co-interpretation improves 
knowledge about the geological conditions. This needs to be developed.  
 
New methods to reveal the inner structure and properties of rock, using technology from 
other fields, are being developed and should be tested more, such as non-destructive testing 
and quality control of materials and products from other industries or development 
activities. They can be based on proven or new technology, and applicability should be 
tested in the field to demonstrate the practical value.  
 
The need for better investigations applies on different scales and in different phases, from 
general information in the early phases of planning to assessment of the condition (including 
the effect of blasting damage) in the zone adjacent to a facility. This will be useful in 
assessments of reinforcement and sealing measures and later for planning and execution of 
maintenance work.  
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4. Rock reinforcement and design 
 
Rock reinforcement and design concerns underground facilities, but also foundations built in 
rock and rock slopes, and reinforcement to prevent erosion issues. 
 
The principal bearing system in a rock facility is generally the rock in collaboration with 
reinforcement. Consequently, design cannot be based on the same type of calculations as 
for other structures, such as steel and concrete, because the action effect and resistance 
capability are not unequivocal and independent. Other difficulties are related to the rock 
properties being steered by the fracture system in the rock, and that the properties and 
qualities are determined through non-representative load tests, which are scale-dependent. 
Durability issues must be considered, and this requires knowledge about physical and 
chemical decomposition processes relating to the material used in the structure. Issues 
regarding the material’s fire resistance must also be considered in conjunction with design 
and construction, and this is an area for development. 
 
Needs  
Examples of needs can be to develop practical methods and technologies for reinforcement, 
and checks of reinforcement over time. Design methodology that meets the requirements 
and conditions stipulated in Eurocode 7 must also be identified and developed, along with 
development of the fundamentals of the Observational Method for practical application in 
rock mechanical design. To satisfy requirements according to standards, more in-depth 
knowledge is required within investigation technology and interpretation of results (see 
Research Area 3, ‘Investigation and characterisation during planning, implementation and 
operation’). Greater knowledge is needed on characterisation of rock properties, use of 
material models for rock and reinforcement, and calculation and verification methods. 
Reinforcement elements and systems that are flexible and can handle dynamic loads 
(‘dynamic reinforcement’) need to be developed for rock masses with high tensions. This is 
primarily relevant for mines and, for example, different types of storage facilities. 
 
Rock properties and how they are managed in conceptual models are complex and contain 
many issues, such as the uncertainty of material models. Calculations can be based on 
analytical solutions or numerical methods. In both cases, methods are needed to calculate 
ranges on the basis of stochastic distributions adapted for practical application.  
 
Composite structures can be divided into two main groups: 1) the situation that is most 
common in Sweden, where the rock has the primary supporting function and is secured with 
a composite bolt and surface reinforcement (shotcrete); 2) situations when the load bearing 
capacity of the rock is insufficient, and reinforcement is needed that is designed in a 
composite way, usually based on the ground reaction curve of the rock. In connection with 
the composite function, there are issues concerning the support capacity of the 
reinforcement element under prevailing loading and deformation conditions. This includes 
the deformation properties of fibre-reinforced shotcrete and load absorption capacity.  
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5. Grouting and water- and frost-proofing 
 
This research area is closely associated with several sustainability aspects of rock facilities, 
and can be exemplified with groundwater impact, efficient rock construction, safety, 
efficient operation and maintenance.  
 
Management of water in rock during construction and operation of tunnels, rock caverns, 
dams and certain rock cuttings generally involves a sealing requirement, specific to the 
facility, that is determined by groundwater conditions and the functional requirements. 
Functional requirements may be technical, financial or safety-related, e.g. no drops or ice 
formation on installations/road surface, or cost of pumping out inflowing water. Functional 
requirements may sometimes be aesthetic, such as drops or moisture stains.  
 
Sealing requirements are often met in two ways: 1) groundwater impact can be reduced by 
sealing fractures in the rocks, while 2) functional requirements for the rock facility can be 
met through water- and frost-proofing, using drains or various forms of lining.  
 
Needs 
‘BeFo’s grouting programme - expertise development and research 2012-2022’ describes 
needs and proposals for intiatives specifically within rock grouting, and we refer to the 
document, which is available on the BeFo website, www.befoonline.org. Since the 
programme was published in 2012, research and development have been carried out, along 
with work to improve expertise in the area, and the focus in the programme still applies. 
Contact the BeFo office for further information. 
 
Examples of needs regarding water- and frost-proofing can be to develop alternative 
solutions for drains and linings where long-term operation and maintenance aspects are also 
considered. New materials must also meet the specific requirements for fire resistance that 
applies for the placement in question. 
 
Sealing and water- and frost-proofing in rock facilities requires a holistic approach where the 
solution often requires more than one measure. There is a need to evaluate existing sealing 
systems in terms of functional technology, economy and production technology. The LCC 
method can be used to evaluate various alternatives, such as grouting, drains, or lining from 
an economic perspective. These can be weighed against the alternative solution to switch to 
infiltration. A systems approach is often used today, but the method can be refined and 
provided with better input data. 
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6. Rock extraction and mining operations 
 
Two different excavation methods dominate underground rock construction in Scandinavia 
today – drill-and-blast and full-face boring using a TBM. The conventional method of drilling 
and blasting has been improved through greater efficiency in methods and equipment for 
drilling (e.g. drilling speed has increased considerably), and blasting technology has been 
considerably improved and expertise developed.  
 
Alternative methods for extracting rock are line sawing and hydraulic cracking, methods that 
have been used successfully in urban environments where there are special requirements 
caused by the thinness of the rock to adjacent rock caverns. Together with full-face boring 
with a TBM, the methods cause less damage to the surrounding rock, but the application is 
still relatively limited in the Nordic region. Such methods cause less fracturing and a limited 
EDZ (Excavation Damage Zone), which in turn means that less reinforcement is needed and 
probably also less inflowing water through the remaining rock. 
 
The methods used should be assessed from a sustainability perspective, i.e. in terms of 
economic, environmental and social aspects, such as the work environment. This can mean 
that what was the ‘correct’ method yesterday may no longer be appropriate today, which 
makes demands on research and development in the area. 
 
Needs  
The advance of a tunnel or a passage has great economic significance, and the time aspect is 
an important economic factor. Examples of needs can be to reduce the time for tunnel 
advance, thereby generating considerable cost savings. The construction should have little 
impact on surrounding rock and nearby facilities. The method of tunnel construction affects 
the work environment, external environment, operation and maintenance, sealing and 
reinforcement needs.  
 
Research needs include developing methods, technology and practical ways to construct 
tunnels, with the aim of minimising time and costs for the actual excavation. Other needs 
include developing sealing and reinforcement. The aim is to build the best-possible facility in 
terms of costs and safety in a life cycle perspective. The impact of vibrations on surrounding 
structures and third parties is important, to attain optimal blasting/advance in relation to 
impact on the surroundings. Here, there is a need for better analysis tools. 
 
Mining methods need to be developed for sustainability (work environment, etc) and 
improved profitability. Development in mining activities sometimes triggers improved 
methods in the construction sector. Digital control of machines and communication with 
other units can help improve processes. 
 
In terms of the work environment, safer methods and equipment must be developed for 
different stages in the tunnel excavation cycle. A completely safe work environment will not 
be achieved until no personnel work underground (‘zero entry’), a research and 
development area that can mean a breakthrough in terms of the work environment in rock 
construction. 
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7. Operation and maintenance  
 
Operation and maintenance costs for rock facilities are increasing. It is important to assess 
what measures should be carried out already during the construction and installation phase, 
and what will be needed during the operation and maintenance phase. The cost aspect is 
important, and there are several established methods for balancing investment costs with 
expected costs for operation and maintenance. Systematic LCC analysis should be carried 
out already during the design phase, when materials and execution are decided. The method 
has been applied in conjunction with some underground and tunnel projects. The LCC 
analysis should be followed up for the built facility, including any repairs/replacements, to 
ensure it is kept up to date. 
 
Many existing facilities are now so old that more comprehensive maintenance measures 
may be necessary. This applies particularly to hydro power facilities, many of which have 
been in operation since the mid-20th century, and many road and rail tunnels. However, age 
or time is not what determines the need for maintenance. Today we talk about condition-
based maintenance, which makes assessment of condition interesting.  
 
What information is needed for planning, follow-up and organisation of the maintenance 
work? How can an optimal balance be achieved between costs for investment, maintenance 
and risk? These questions show that operation and maintenance issues should be 
considered in both design and construction phases, to enable easy inspection and to ensure 
that that the structure is built in a way that facilitates maintenance. 
 
Needs  
To comply with legal requirements and economic considerations, models for analysis of life 
cycle costs are important tools. Application of the models requires reliable input data. 
Requirements for such data from rock facilities must be specified and tested in application of 
these models. Examples of needs can be to develop strategies and methods for determining 
the status of facilities with regard to maintenance requirements.  
 
Methods are needed to determine the condition of rock and reinforcement after long-term 
exposure and different external impacts. Degradation processes and durability of the main 
support system (rock with composite reinforcements) and grouting, must be controlled to 
allow assessment of maintenance and repair needs. Methods for condition-based 
maintenance of rock facilities and information logistics relating to maintenance should be 
investigated and developed.  
 
There is a need for repair and reinforcement methods adapted to the limited accessibility in 
space or time, particularly in road and rail tunnels. Specific needs involve status assessment 
of water-filled tunnels and foundations of dams, and in cuttings and discharge channels 
where erosion is taking place. Methods for assessing condition must be improved, along 
with measures for rock cuttings. Documented experiences of rockfall in tunnels and other 
damage should be used.  
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8. Materials – function and durability  
 
This research area concerns testing of established, but also new, materials in terms of 
function and durability.  
 
Many of the materials used for rock reinforcement, sealing and lining are proven and well 
established in underground structures. However, in certain cases, the properties are less 
well documented and specified, for example on issues such as durability and fire resistance. 
New materials must be compared with conventional materials, and specified on the basis of 
functional requirements.  
 
Materials for rock facilities are traditionally chosen in relation to the work environment, 
function, durability and economy, but one parameter that now needs to be considered in 
assessment is ecological sustainability.  
 
Needs  
Examples of development needs include meeting functional requirements for fire-resistant 
water- and frost-proofing. Different materials and combinations must be tested as 
prototypes and at full scale. Shotcrete, often fibre reinforced, is often used for rock 
reinforcement. However, there is a need for more knowledge about various aspects of the 
properties of shotcrete to give better information for design, in terms of bearing capacity 
and durability. Examples are deformation properties with various types of fibre 
reinforcement, the possibility of strain hardening, shrinkage properties, waterproofing and 
leakage, resistance to frost and fire, additives and ballast, and corrosion of fibre and net 
reinforcement.  
 
It could be interesting to investigate the use of a thin sprayed membrane as an alternative to 
shotcrete. For bolt reinforcement, the corrosion process is only partly clarified, and there is a 
need for non-destructive testing. New materials for rock reinforcement in various forms and 
applications could be investigated and tested. Material failure during ultimate loading and 
fatigue, etc. would be another interesting area to investigate. Durability issues concerning 
both pure rock grouting and contact grouting between rock and concrete must be 
investigated. Specific problems apply for leaching of grouting screens over time, which 
affects their lifetime.  
 
One advantage of underground rock facilities is that they often have a very long lifetime, 
which is an ecological advantage that must be balanced against the the climate footprint 
associated with the use of steel and concrete. New materials with good durability and little 
climate impact are greatly needed. This applies not only to the rock construction sector but 
also the entire civil engineering industry. 
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