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Abstract: This paper explores how the ÖNORM B 2203-1 model can complement the FIDIC Emerald
Book contracts in conventional tunnel construction projects, specifically focusing on cooperation,
project management, reimbursement, and dispute resolution. The complex technical nature of such
projects requires collaborative stakeholder engagement, efficient project management, and effective
dispute resolution mechanisms. This article enhances the current body of literature by undertaking
a qualitative comparative analysis of the FIDIC Emerald Book and the ÖNORM B 2203-1 model
within the specific context of conventional tunnel construction projects. The findings demonstrate
that specific areas in the FIDIC Emerald Book exist where supplementary guidance is required.
Compared to the FIDIC Emerald Book, the ÖNORM model offers a more extensive range of project
management aspects, reimbursement guidelines, dispute resolution provisions, and comprehensive
technical specifications, all supported by contractual provisions. The major limitation of this study
is its focus on a literature review. Thus, including the qualitative analysis in an actual project and
applying the study results would be advantageous for verifying the findings.
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1. Introduction

The objective of this study is to illustrate how the ÖNORM B 2203-1 can serve as a
complementary tool towards Fédération Internationale des Ingénieurs Conseils (FIDIC)
Emerald Book contracts, specifically focusing on areas such as cooperation, project man-
agement, reimbursement, and dispute resolution. Applying national civil law is often
challenging in the context of large-scale international construction projects. Consequently,
standardised contract models such as ÖNORM B 2110 in Austria, VOB/B in Germany, NEC
in the United Kingdom, and SIA 118 in Switzerland are commonly used [1]. Considering
the difficulty of predicting ground conditions, it is necessary to provide tunnelling contracts
with a flexible contractual framework that can be easily adapted to local settings [2–4]. The
present paper discusses the possibilities of developing such a contractual framework by ap-
plying the method of qualitative comparative analysis to the FIDIC and ÖNORM B 2203-1
models. This paper focuses on the similarities and differences between the two models and
evaluates the potential applicability of the ÖNORM B 2203-1 as a supplementary tool to
the FIDIC Emerald Book in the context of conventional tunnel construction projects.

This article is divided into four main sections. Section 1 briefly describes the research
method. Section 2 provides an overview of the FIDIC Emerald Book and the ÖNORM B
2203-1 contract forms and examines the feasibility of using the latter to supplement tunnel
construction contracts based on the former. Section 3 analyses the differences between the
two contracts in project planning and management practices. Section 4 investigates the
compatibility of reimbursement models. In contrast, Sections 5 and 6 examine the dispute
resolution mechanisms and suggest how the ÖNORM B 2203-1 can effectively supplement
the FIDIC Emerald Book in international tunnelling projects.
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1.1. Status Quo

Previous literature on FIDIC application in civil engineering and infrastructure has
extensively explored the use and impact of FIDIC contracts in various construction projects
worldwide. Scholars and practitioners have recognised FIDIC as a leading standard for
construction contracts, providing a comprehensive framework for governing contractual
relationships, risk allocation, and project management [5]. Previous studies have exam-
ined the development of FIDIC contracts [5–8], highlighting their revisions over time to
adapt to the changing needs and challenges of the construction industry. Researchers
have also investigated the advantages and challenges associated with FIDIC contracts,
addressing topics such as contract administration [9–12], risk allocation [13,14], dispute
resolution mechanisms [15–20], and the role of FIDIC in promoting fair and equitable
project outcomes. Additionally, some articles have examined case studies and real-world
applications of FIDIC contracts [21–26], offering insights into their practical implemen-
tation, effectiveness, and potential areas for improvement. Previous literature on FIDIC
application in civil engineering and infrastructure construction projects has contributed
to a deeper understanding of the benefits and limitations of using FIDIC contracts in con-
struction projects [27], fostering informed discussions and providing guidance for industry
professionals and policymakers.

While previous research on FIDIC contracts has significantly contributed to under-
standing construction project management, several questions remain to be addressed in
the context of conventional tunnelling projects. One major limitation is the scarcity of
studies focusing exclusively on FIDIC contracts for such projects. Most existing research
addresses the general application of FIDIC contracts, such as comparing national and
international construction contracts, e.g., ÖNORM B 2110 and previous FIDIC standards [6].
Furthermore, the predominant emphasis of research in tunnel construction has been on
risk management [28–32] and dispute adjudication [20,28,33], overlooking the need for
a comprehensive overview of contracts and the specificities of conventional tunnelling.
For instance, ref. [34] conducted an analysis of international contracts and digital data
management in mechanised tunnelling, yet the examination of the FIDIC Emerald Book
was not included in the study. Research [35] focused on contract models in tunnelling,
explicitly emphasising the risks and security of payment for Contractors in mechanised
tunnelling. Although these studies contribute substantially to the research field, their
limitations underscore the need for a more comprehensive analysis to address the gaps
and challenges in understanding FIDIC contracts and their application in conventional
tunnelling projects.

1.2. Research Gaps and Questions

Research to be explored includes conducting an in-depth literature review of the FIDIC
Emerald Book and its supplements, focusing on its application in conventional tunnel
construction projects. The specific research questions that will be addressed are as follows:
Which similarities and differences between the ÖNORM B 2203-1 model and the FIDIC
Emerald Book concerning conventional tunnel construction projects can be determined?
What potential does the ÖNORM B 2203-1 have to enhance project execution based on
FIDIC contracts, particularly regarding cooperation, project management, reimbursement,
and dispute resolution?

Additionally, it is essential to examine the effectiveness of the ÖNORM B 2203-1
in providing documentation, internal controlling, invoicing procedures, and facilitating
dispute adjudication. Addressing these research questions can develop a comprehensive
understanding, identify gaps in the existing literature, and provide information for future
studies in this field.

1.3. Materials and Methodological Approach

As stated before, the objective of this study is to compare construction contracts and
identify their similarities and differences. Following [36], the paper applies a qualitative
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comparative approach to two contractual documents: the ÖNORM B 2203-1 and the FIDIC
Emerald Book. The research approach involves identifying the scientific relevance and the
need for research on the topic, as well as the definition of the research questions, as seen in
Figure 1. The following literature research is conducted on the subject areas and contents
of the research questions. Relevant data on the ÖNORM B 2203-1 and the FIDIC Emerald
Book is collected and extracted, which forms the foundation for the subsequent thematic
and comparative analysis. The themes, such as contract characteristics, reimbursement
models, and dispute resolution models, are explored to identify patterns and trends across
different contracts. Finally, the collected relevant key data are presented, interpreted,
and evaluated, focusing on the two contract models and their applicability to tunnelling
projects in international and local contexts [4,37]. The findings provide an overview of the
similarities and differences between the two contract frameworks and portray how the
two frameworks can complement and contribute to each other.
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Figure 1. Methodology of the research.

The review does not focus on specific contract clauses but describes the overall struc-
ture and approach of the Austrian and FIDIC contract forms and remuneration models for
conventional tunnelling. The model contracts’ essential aspects, approaches, and relevant
standards are emphasised. The section below provides their general overview before
discussing and comparing such main relevant patterns of the ÖNORM B 2203-1 and FIDIC
construction contracts.

2. Basics on Examined Contractual Frameworks

As discussed in the Introduction (Section 1), despite the similarities between the
ÖNORM B 2203-1 and the FIDIC Emerald Book, there is a notable difference in their
suitability for local and global legal contexts. Consequently, the question arises as to
whether and to what extent the two frameworks can contribute to each other. This paper
addresses this question by applying a qualitative comparative approach to analysing the
two contractual models. This section describes the research methodology and provides a
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preliminary overview of the ÖNORM B 2203-1 and the FIDIC Emerald Book. It summarises
the main similarities and differences between project management in the two contractual
documents and shows how they can supplement each other.

2.1. Overview of FIDIC Emerald Book

FIDIC is an international standards organisation for consulting engineering and con-
struction technology, which has been publishing sample contracts for global construction
since 1957. The first version was mainly based on the “General Conditions of Contract and
Form of Tender” published by the Institution of Civil Engineers in Great Britain in 1945 [38].
Since then, the sample texts have been revised several times, and various contract templates
have been developed for different applications. The FIDIC Conditions of Contract have
been part of the World Bank’s standard contracts since 1995 and have been recommended
by the World Bank and other development banks since 2005 in the “Pink Book” version.
The use of the FIDIC Standard Terms and Conditions is generally mandatory for funding
programmes of the European Union. In the past, the traditional FIDIC contract forms were
adapted for tunnelling projects [2]. However, certain specificities of these projects required
a separate template with new tunnel-specific provisions. For example, the New Austrian
Tunnelling Method (NATM) contractual practice was applied to previously published
FIDIC contracts, as described in [39].

In 2019, FIDIC and the International Tunnelling and Underground Space Association
(ITA), a joint task group, published the Emerald Book to extend the applicability of contract
models for tunnelling [40]. It was drafted explicitly for underground works based on
international best practices and the ITA Contractual Framework Checklist [22,32]. It draws
on the Second Edition of the Conditions of Contract for Plant and Design-Build (Yellow
Book 2017) [31,33,41] as its foundation, incorporating new concepts to address the unique
risks associated with underground works, particularly subsurface conditions. This is the
first contract form to address international underground and tunnelling projects.

The FIDIC Emerald Book is a guide for drafting contracts. It is an independent book
containing general contractual conditions and information on special provisions and is
used for preparing tender documents [42]. It is specifically applicable to tunnelling projects
due to the possibility of adapting individual parts of the contract to the different project-
specific distribution of tasks between the Employer and the Contractor (e.g., design and
build or pure execution services). Essential elements from other FIDIC contracts, such
as the consulting Engineer [43] and the three-stage dispute resolution procedure [44], are
incorporated into the FIDIC Emerald Book [45,46]. The Geotechnical Baseline Report
(GBR) [47], which defines the expected ground conditions [48,49], is intended to serve as
the basis for the contractual agreements of the precise FIDIC contract model. The other
two key documents besides GBR are the completion and the baseline schedules. Due to
the project-specific variations based on the FIDIC contract model, hardly any contract
components are consistently applied in the same way. A detailed contract review during
bid processing is necessary to understand the contract.

The joint task group of FIDIC and ITA representatives identified several issues that
the new standard form of contract aims to address in order to promote equitable risk
allocation and effective dealing with unforeseeable conditions in tunnelling projects [50].
The key areas addressed explicitly in the new contract include the allocation of risk [51],
a contractual geotechnical baseline, and the complete disclosure of available geological
and geotechnical information [41]. Further, the contract contains a tailored “Unforeseeable
Physical Conditions” clause and provides a flexible mechanism for remuneration depend-
ing on the ground conditions [45]. Since the time for completion is mainly influenced by
ground conditions, the contract implements a ground classification system and supports
conditions that must adequately reflect the effort of excavation and stabilisation.

It is important to note that FIDIC does not provide specific provisions for all project-
specific conditions, as they are inherently tailored to each project. For this, FIDIC provides
a guide in the “Guidance for the Preparation of Particular Conditions” section, which
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helps in approaching the specific contractual provisions. This highlights the importance of
thoroughly considering and reviewing the contract terms before entering into an agreement
to ensure that the parties fully understand their obligations and responsibilities.

2.2. Overview of ÖNORM B 2203-1 Works Contract Form

The works contract form drafts ÖNORM B 2203-1:2022 for conventional tunnelling
and B 2203-2:2022 for mechanised tunnelling developed by the Austrian Standards Institute
adopt the general risk allocation of ÖNORM 2110 [52] and provide a detailed mechanism
for adjusting reimbursement and construction periods in accordance with the actual ground
conditions within a given set of parameters of subsurface physical conditions [42]. Further,
the ÖNORM B 2203 contract models contain supplementary regulations based on Austrian
national law, hardly making their application in international construction projects an
option [21]. Additional challenges arise in coordinating international project partners,
primarily if the construction services or building components are supplied from other
countries. The issue concerning the ÖNORM B 2110 model contract and the ÖNORM B
2203 works contracts in the context of international construction projects resides in their
incompatibility with national laws and their application across diverse legal systems [53].

As shown by [34,42], the ÖNORM B 2203-1 standard attempts to create a transpar-
ent distribution of risk spheres, leaving the reimbursement of costs with the contractual
partner responsible for it. Using a unit price contract, the ÖNORM model offers high-cost
security for the Employer [54]. The standard differentiates between general construction
site costs (one-off and time-related construction site overheads) and costs of service provi-
sion. Further, performance-based construction timetables are used for settling payment
of time-related costs. An advantage of the ÖNORM B 2203-1 contract and remuneration
model lies in the flexibility of the model, which is given by a clear definition of the excava-
tion classes and their adaptation to the rock conditions encountered during construction.
Accurately describing the services in the tender documents ensures fair competition and
comparability of the offers. Although the standard does not provide explicit guidance on
allocating subsoil risks among project stakeholders, these risks are commonly addressed
in the contractual agreement between the Employer and the Contractor [55]. A contract
following ÖNORM B 2203-1 can, if used correctly, support the contract partners in the
execution of the project.

One of Austria’s main tunnel planning guidelines is described in the Austrian Society
for Geomechanics (ÖGG) guideline for the geotechnical planning of underground structures
with conventional tunnelling [56]. The main phases of the ÖGG guideline [56] comprise
the design and construction phases. The design phase includes the specification of the
expected ground conditions, the classification into ground types, the assessment of the
ground behaviour and its categorisation into ground behaviour types, and the definition
of construction measures based on the project-specific boundary conditions [57]. Finally,
the system of expected ground behaviour is predicted, and tunnelling classes for a bill of
quantities are determined according to ÖNORM B 2203-1 [54]. The construction phase
includes a definition of the current rock types and short-term forecast of rock conditions,
specification of excavation, support measures, and forecast of system behaviour. Then
the tunnel expert verifies the system behaviour by confirming the structural engineering
measures and approving the interior work [58].

The following main body of this paper compares contract characteristics, reimburse-
ment procedures, and resolution models of the two frameworks. It discusses the possibili-
ties of using ÖNORM B 2203-1 to supplement project execution based on FIDIC contracts
in greater detail.

3. Comparison of Contract Characteristics

Project management is essential for any construction project, including tunnel con-
struction projects. The success of a tunnel construction project largely depends on how
well the project is managed and how efficiently the project participants work together. This
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section compares contract characteristics of the FIDIC Emerald Book and ÖNORM B 2203-1.
It highlights their similarities and differences and the extent to which the two contract
models can supplement each other.

3.1. Geotechnical Baseline Report in FIDIC Emerald Book

The FIDIC Emerald Book focuses on the previously mentioned GBR (Section 2.2) as
the basis for project planning to prevent possible disruptions of construction and delays
caused by unpredictable ground conditions. The GBR is intended to be the single source
and contractual document describing the anticipated subsurface conditions encountered
during project implementation [47]. The GBR must also define the risk allocation of subsoil
conditions or ground hazards between the Employer and the Contractor. Appendix A of
the Emerald Book explains what the GBR should contain [45]. The Contractor suggests the
rate of construction and the duration of the excavation and lining work corresponding to
each excavation and work area [59]. To determine the necessary duration of construction,
the Contractor should consider the economies of scale, the learning curve, the resource
availability and deployment, the safety requirements, the work area, the accessibility, and
working hours [60].

According to the GBR, physical conditions include natural physical conditions, physi-
cal obstructions (natural or manufactured), and pollution, as well as the reaction of soil to
excavation. Thus, the excavation work must continuously be monitored, and the Contractor
must submit his interpretation of the subsoil and surface monitoring results to the Engineer
daily. Under Sub-Clause 13.8.3 of the FIDIC Emerald Book, the Engineer may reassess
the conceded excavation and construction work time in the schedule and construction
plan, providing a flexible compensation mechanism for both predictable and unforeseen
field conditions. As stated by [49], the GBR is a multi-step procedure that starts at the
project’s initial planning stage and is completed once construction is finished. During the
design phase, the risks should be identified and viable engineering solutions developed to
cover the full range of expected physical conditions [48]. During construction, the relevant
geotechnical parameters and properties should be collected, recorded, and evaluated on
site to validate subsoil classification, design assumptions, and safety margins regularly.

Specific geotechnical information collected during the construction phase generally
includes the visual classification of subsoil through fracture mapping and results of probe
drilling or sample testing [49]. Further information contains geophysical measurements,
groundwater measurements, monitoring of stress, strain, and displacement, and a review of
design assumptions such as field and deviation stress conditions. The collected geotechnical
data are further interpreted to form the basis for the subsoil classification system and the
definition of measures for subsequent tunnel excavation, including the allocation required
for additional construction measures. This allows for detecting and recording abnormal
behaviour and geohazards, such as flooding, and defining possible end or inner support
measures if necessary [48]. With a focus on risk management, the Emerald Book includes
all relevant geohazards in the risk register in the geotechnical risk management plan [61],
which further comprises the overall construction risk management plan [30].

3.2. Systemic Conditions and Tunnelling Classes in ÖNORM B 2203-1

Compared to the FIDIC Emerald Book, ÖNORM B 2203-1 takes systemic conditions
and tunnelling classes as the basis for project planning and remuneration. In projects based
on the ÖNORM B 2203-1, the stakeholders have to agree upon documentation and invoicing
procedures, which are conducted according to the respective tunnelling classification matrix
before the start of construction [54], as exemplified in Figure 2. The ÖNORM B 2203-1:2022
definition of the tunnelling classes comprises the first organising number, determined
by the specified round length, and the second organising number, calculated from the
extent and the type of the supporting measures [62]. All supporting measures installed
in the specified cross-sections are to be considered. The tunnelling classes are further
ordered for the excavation work, required methods of loosening, a subdivision of the
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partial cross-sections, and the excavation sequence. The definition and distribution of
planned excavation classes allow the Client to more precisely estimate the cost of a given
tunnel project based on the geological qualities of the project region. The evaluation area
is contractually fixed and independent of actual settlement lines [54]. The application of
unit prices and advance rates in the context of the discussed methodology involves their
utilisation within specific areas defined by the cut-off length, the first organising number
(depicted on the left side of Figure 2), and the region encompassed by the second organising
number (visible in the upper part of Figure 2). The determination of the first organising
number is contingent upon the length of excavation, whereas the calculation of the second
organising number relies on the summation of evaluated support means per metre of the
tunnel, divided by the evaluation area. The duration of constructing each tunnel section is
also a variable that influences the final invoicing.
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the ÖNORM B 2203-1 standard.

The Schedule of Baselines follows the GBR and the Employer’s reference design [63].
It contains all the activities and their anticipated quantities for the underground excavation
and lining [45]. Generally, the Schedule of Baselines should include the characteristics
of expected utilities, underground structures, probe drilling, and other investigations
associated with subsurface physical conditions. The Schedule of Baselines also contains
advanced grouting for poor or contaminated ground, waterproofing grouting, seepage,
water ingress, and related hindrances treatment. Significantly, this document details the
treatment of geological overbreak and related hindrances, waterproofing, and construction
of the final lining. The occurring interruptions depict changes in the construction method
for excavation and lining works due to unforeseeable subsurface physical conditions or
orders of the Employer or authorities. The Schedule of Baselines is divided into individual
drives and construction methods per zone that reflect a section or part of the works.

Each work section includes a design for systematic excavation, support, and lining
works based on the associated boundary conditions [49]. A common approach to dealing
with conventional tunnelling projects is to define different tunnelling classes. Each class
corresponds to tasks and activities that address a specific range of geological conditions.
The design of tunnelling classes includes evaluating the entire drilling and support process,
defining acceptable impacts on adjacent facilities and the environment, and verifying
compliance with the project’s long-term structural and maintenance requirements. The
tunnelling classes must cover the full range of systemic conditions specified in the GBR for
each tunnel type, size, and construction method. Typically, the organisation of the GBR
involves classifying all activities necessary to complete a tunnel round as a construction
activity bundle.



Buildings 2023, 13, 1837 8 of 25

3.3. Comparison of Performance Certificates

The ÖNORM B 2203-1 standard provides the two variants for recording the excavation
services of the calotte and the bench in the specifications. The first variant is used for
tendering a service item for the miners’ expenses (wages) and other cost components
(miscellaneous) that are directly related to the excavation. The second variant is used to
create a service item for the labour costs of the tunnelling crew [54]. The first variant is
recommended for projects with shorter tunnel sections. The various cost element is the
tunnelling equipment’s wear-and-tear maintenance expense. The standard specifies that
each driving class will have a separate item with the unit m3 in the tunnelling specifications.
For the second variant, an allocation item for the labour costs of the tunnelling crew
is created, with items not part of the time-dependent costs allocated to this item [35].
Furthermore, one item per excavation zone (first organising number of an excavation class)
is created for the remuneration of the other performance-dependent and time-independent
costs in m3. These items are then used for the invoicing and remuneration of the partial
excavations of the calotte and bench. According to ÖNORM B 2203-1, the services of
the excavation process, i.e., loading, removal, and dumping, as well as the reuse of the
excavated material, are recorded in separate positions.

An essential feature of the tendering documents is the presentation of defined exca-
vation profiles of the tunnel cross-sections and the boundary surfaces by the Client. The
standard states that the excavation positions of the variants already cover the additional
excavation on the cavity side up to this boundary surface. If, under certain circumstances,
more extensive excavations beyond the boundary surface occur, separate positions for the
lining of the additional excavation should be included in the specifications, irrespective of
the excavation classification.

According to the FIDIC Emerald Book, the monthly progress reports are prepared
by the Contractor and submitted to the Engineer [45]. As defined in the contract data,
each progress report is submitted in one paper-original, one electronic copy, and (if any)
additional paper copies. The first report covers the first month of work following the
commencement date, with further reports submitted monthly after that until the project’s
completion date. Each progress report must include charts, diagrams, and detailed de-
scriptions of progress, the Contractor’s documents, procurement procedures, materials
fabrication, deliveries to the construction site, and excavation cycle times. Further, the
report must contain ground support installation times and activities, planned and un-
planned cycle time delays, and the physical conditions of the ground encountered at the
working faces.

The report must include copies of quality management documents, inspection reports,
survey results, and compliance verification documentation (including certificates of ma-
terials) or any recorded deviations. This information can include photographs or video
recordings showing the manufacturer’s status. Finally, the document should contain a
comparison of actual and planned progress, with details of any events or circumstances that
can adversely affect the completion of the works, and the measures adopted to overcome
such delays.

3.4. Comparison of Field Measurement Sheets

The Emerald Book has provisions for measuring excavation and lining works and
the time adjustment for completion and contract price [45]. Unless stated otherwise in the
contract, only the excavation and lining works are subject to measurement [59]. The agreed
contract covers all other underground works and items necessary for proper execution. The
contract price and time for completion have to be adjusted following the measurements.

Sub-Clause 4.12, “Unforeseeable Physical Conditions”, has to be applied if unfore-
seeable physical conditions outside the limits described in the GBR are encountered and
lead to the Contractor suffering delays and incurring costs [63]. Further, the contract data
must state the measurement method for the Schedule of Baselines and the Bill of Quantities.
Usually, the Contractor is responsible for the measurement and must submit relevant
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measures with complete supporting records to the Engineer at the contractually specified
dates or monthly intervals.

The field measurement sheets that document the excavation are used for data process-
ing by applying for items with certain specifications. For non-existing or new additional
services, settlement agreements are decided between the Contractor and site supervision,
which interfaces with the responsible contract managers. The field measurement sheets
and dimensioning sheets are usually administrated jointly by the Client and the Contractor,
forming the basis for invoicing. The site supervisor prepares the acceptance protocols
with the respective timestamp, and the construction manager checks them and uses them
for invoicing. To avoid printing out the measurement sheets, the accounting department
processes and sends them to the site supervisor digitally, after which the site supervisor
revises and approves them digitally. The Contractor is responsible for preparing and
delivering a report to the Client for review and approval to eliminate inconsistencies. Since
both the Contractor and the Client sign the report, it is a helpful piece of written evidence,
especially for the proof of delays and additional costs [64]. The obligation to generate
daily construction reports does not have to be separately stipulated in the contract if the
contract is based on the ÖNORM B 2110 standard, as the ÖNORM requires the Contractor
to do so anyway [52]. The data entry into the field measurement sheet is thus carried
out continuously by adding standardised items to the bill of quantities. After exporting
the data to Excel, the data are compared to the support installation logs and adjusted if
the Contractor makes changes to quantities. The summarised data are transferred to the
invoicing software such as RIB iTWO, ib-data’s ABK, or others to form the settlement total
at the end of the month [62].

3.5. Comparison of Sample Contract Forms

As discussed in previous sections of this article, the ÖNORM B 2203-1 model and the
FIDIC Emerald Book differ in essential aspects but also show some parallels. According
to both contract models, the Client must attach a subsoil prognosis to the contract [35].
It is within the Client’s sphere of influence to carry out a careful subsoil prognosis and
to implement the existing contractual provisions or recommendations of the two models
as best as possible. This requires a suitable ground classification and the specification of
possible excavation methods in the respective areas, from which the classification of the
excavation classes (ÖNORM model) [54] or sections (Emerald Book) can be derived [45].
One significant difference, however, is the form of execution of the project. In the Austrian
contract model, the Client, with his vicarious agents, generally carries out the approval and
implementation planning, and the Contractor is commissioned with the construction work.

Consequently, a tunnel construction project is carried out as a general contractor
model, with the tunnel construction contract being based on a unit price contract. Explicit
regulations on excavation hindrances, additional excavation, water complications, and
sludge disposal can be found only in the ÖNORM model [54]. The Contractor takes over
the execution or detailed planning within the specifications, such as the GBR and the
reference design defined by the Client. The pricing of the construction contract is a lump
sum with specific adjustment options (surcharges/deductions) due to the extent of the
tunnelling and lining services. A constructive service description with corresponding items
existsonly for services that constitute or are related to tunnelling work. All other services
are put out to tender through a functional service description.

The tunnelling classification enables a flexible payment model in both the ÖNORM B
2203-1 [65] and the FIDIC Emerald Book [35]. The tunnelling services can thus be invoiced
according to the actual distribution of the classes or sections in connection with the con-
tractual tunnelling speeds. This enables an appropriate, performance-based remuneration
of the time-related and on-site overhead costs based on the geology encountered [34]. In
addition, both contract models contain precise specifications for handling performance
deviations, and the multi-stage dispute resolution processes positively contribute to con-
flict reduction [18,66]. The ÖNORM and the FIDIC contract models are characterised by
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unique features, such as the possibility of submitting alternative offers and enabling value
engineering.

Furthermore, the models include roles for technical consultation and assessment of
the tunnel construction site. The tunnelling expert in the ÖNORM [58] model and the
Engineer in the Emerald Book [46] significantly influence low-conflict project manage-
ment. While the tunnelling expert is used only for consultation, the Engineer in FIDIC
acts as a contract administrator who is given far-reaching decision-making competencies,
e.g., regarding construction supervision, invoicing control, and the assessment of supple-
mentary claims [67,68]. The Emerald Book includes only early contractor involvement for
the detailed planning. However, a cooperative approach by conducting obligatory, regular
partnership meetings is pursued only in the ÖNORM model. Table 1 below gives a general
overview of the compared contract characteristics.

Table 1. Overview and comparison of contract characteristics.

Contract Characteristic FIDIC Emerald Book ÖNORM B 2203-1

Geotechnical Baseline Report

Emphasises the importance of a GBR as the
basis for project planning; GBR describes

anticipated subsurface conditions and
defines risk allocation

Takes systemic conditions and tunnelling classes
as the basis for project planning and

remuneration; tunnelling classes are determined
by specified round length, extent, and type of

supporting measures

Construction planning
and monitoring

Requires continuous monitoring of
excavation work and submission of subsoil

interpretation to the Engineer; Engineer may
reassess the time for construction work based

on field conditions

Defines excavation classes and systemic
conditions for different geological ranges; design
of tunnelling classes includes evaluating drilling,

support processes, and compliance with
long-term structural requirements

Performance certificates

Two variants for recording excavation
services: one for miners’ expenses and other

cost components, and another for labour
costs of the tunnelling crew

Specifies separate items for labour,
other performance-dependent,

and time-independent costs

Field measurement sheets

Provides provisions for measuring
excavation and lining works; measurements
subject to adjustment of contract price and

completion time

Measurement method stated in contract data;
Contractor is responsible for the measurement

and submission of relevant measures; field
measurement sheets are used for invoicing

Sample contract forms

Client attaches subsoil prognosis to the
contract; contractor commissioned for

construction work; pricing is based on a
lump-sum with adjustment options

Client carries out approval and implementation
planning, and Contractor is commissioned for
construction work; pricing is based on a unit

price contract with adjustment options

In tunnelling, the certainty of payment for Contractors is significantly influenced by
the distribution of subsoil risks [30]. The obligation to apply a flexible remuneration model
for the tunnelling services and the time-related costs dependent on tunnelling creates a
basis for an appropriate, fair distribution of subsoil risks in both contract models. However,
differences in contractual provisions can also be observed regarding payment security for
Contractors [35]. For instance, the FIDIC contract predominantly transfers the completeness
risk to the Contractor [45], in contrast to the Austrian standard. The study of [35] concludes
that the Contractor is generally more secure in remuneration with the ÖNORM contract
model than with the FIDIC model. Furthermore, project-specific provisions should be made,
especially regarding possible complications beyond the scope of the sample contracts to
increase the security of remuneration for the Contractor. Such reimbursement models and
their compatibility are the focus of the next section.

4. Compatibility of Reimbursement Models

Regarding reimbursement, the FIDIC Emerald Book sample contract specifies invoic-
ing by actual measurement and unit prices, but most contract provisions can be applied
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equally to lump-sum contracts [6]. As the overarching standard, the ÖNORM B 2110 spec-
ifies three types of security, these being the security deposit, the liability bond, and the
cover bond [52]. In the FIDIC standards, the retention money, the performance security,
and the advance payment guarantee are listed as securities. The performance security is
to be compared with the security deposit, and the retention money must be understood
as a combination of liability and cover bond. However, unlike the ÖNORM, the advance
payment guarantee does not have an equivalent provision, even though the structure of the
ÖNORM and the FIDIC guarantee adhere to similar settlement standards. The ÖNORM
differs in the percentage specified for guaranteed amounts, costs, and repayment due dates.

Regardless of which FIDIC contract is used, the Contractor should manage items
subject to varying field conditions (primary drilling and primary support) under a single-
price contract system [2]. This allows the application of various site condition clauses [69]
to reduce costs, determine their impact and evaluate time. According to [70], the unit price
structure should be organised to distinguish fixed, time-dependent, and quantity-related
costs easily. In the Emerald Book, contract-based costs and completion times are identified
in the GBR and are further remeasured during construction to adjust contract prices and
completion times [49]. The time for completion and related costs can either increase or
decrease, depending on whether the actual conditions are more or less demanding than
initially anticipated.

Concerning payment, the Emerald Book distinguishes between parts of the work
endangered to subsurface physical conditions and sections supposedly without any im-
pact [59]. Tunnelling classes have to be periodically remeasured based on quantity and
time-related rate items included in the baseline for the specific work item. Nonetheless,
work not affected by any ground risks [71,72], such as that related to Force Majeure, is
reimbursed at a fixed amount of the contract price (fixed fee). For unit price contracts, ad-
justments and compensation are based on the additional drilling and lining work measures
and the deviation to the benchmark production rates and costs specified in the original GBR.

The fixed-rate items include all services required for the excavation work but, accord-
ing to [59], are independent of the variation in ground conditions. One could, for example,
allocate the one-off costs of transport and assembly construction site facilities, site clearance,
construction of the base infrastructure, etc., and other costs such as leasing/depreciation of
the key equipment and wage costs for non-productive personnel such as for the foreman or
the site manager to these items. The provisions base the fixed-rate items on a lump sum,
possibly a unit price. In contrast, the contractually forecast construction duration based on
the Schedule of Baselines is used for the time-related items.

In the Austrian context, the ÖNORM A 2050 procedural standard for procurement
of works, services, and supplies regulates the awarding of contracts for services like an
invitation to tender, offer, and award [73]. This procedural standard suggests three types of
pricing, these being unit price, lump-sum price, and direct price. The unit price contract
with its remuneration system is generally used for tunnel construction projects in Austria.
This contract type is usually used if the type of construction work and quality of the work
can be precisely defined and if quantities can be approximately determined. Tenders
providing unit prices are carried out because of underlying constructive service catalogues
with activities subdivided into individual service items. The Client quantifies the services
in the items using estimated quantities (preliminary rates), and the Contractor calculates
his unit prices for the respective services for his offer [35,74]. The target remuneration can
subsequently be derived from the quantity details of the items in the specifications with the
unit prices agreed in the contract. After the construction work is completed, the services
are invoiced with the agreed unit prices and the executed quantities. The standards state
that the quantities are generally invoiced according to the relevant contract standards (in
tunnelling according to ÖNORM B 2203-1 [54] or ÖNORM B 2203-2 [75]) or project-specific
agreements. The planned measurement shall apply if doubts arise while invoicing the
quantities on site. The result of the settlement with any adjustments to the charges, for
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example, the claim for additional costs, represents the actual remuneration, which is the
focus of the next section.

4.1. Remuneration

The critical point for construction companies is the flexible classification of the tun-
nelling services during execution in the contractual tunnelling class matrix proposed in [54].
Invoicing occurs based on the actual distribution of the tunnelling classes, including allo-
cating to the respective special jacking, and incident management with the contractually
agreed jacking speeds [35]. The support measures used to secure the excavation (anchors,
tunnel arches, shotcrete, etc.) are recorded in separate items, irrespective of the excavation
classes. Furthermore, the ÖNORM B 2203-1 standard specifies some time-dependent costs
and the invoicing procedure of support measures anchors, shotcrete, mesh mats, etc. The
tunnel construction contract is an indispensable basis of the flexible remuneration model.

The Emerald Book stipulates that all services related to tunnelling or directly or in-
directly influenced by the excavation work should be recorded in separate items. The
Employer shall assign appropriate units to those services and determine estimated quanti-
ties for each item. All other services, mostly unaffected by the excavation work, are based
on a functional service book and therefore reimbursed flatly. For these services, separate
positions must be included in the tunnelling specifications [45,59].

As per the Emerald Book, the Contractor must provide the Engineer with a Statement
of Completion and supporting documents within 84 days of the works’ completion date [45].
The statement should encompass the amounts the Contractor deems entitled to and any
accompanying supporting documents. These supporting documents and the relevant
progress report should offer a comprehensive level of detail to enable the Engineer to
thoroughly investigate the above-mentioned amounts. The statement must consist of the
estimated contract value of the executed works and the documents the Contractor produced
up to the end of the performance period. The schedule of payments shall include payments
due on completion of milestones and other payments consistent with the corresponding
data in the schedule of rates and prices, the Schedule of Baselines, and the complete
Schedule. Additionally, any further sums that the Contractor considers being due at the
completion date of the works are stated, and an estimate is made of any other amounts that
the Contractor believes are due after the completion date. These estimated amounts shall
include, for example, charges for claims for which the Contractor has submitted a notice.

4.2. Bill of Quantities for Excavation and Support Works

The Bill of Quantities (BoQ) sets out the quantities, units of measurement, and ap-
plicable unit rates and prices for all excavation and lining works [45]. Unless provided
otherwise in the Employer’s requirements, the initial quantities are determined by the
Employer, consistent with the Employer’s reference design, the GBR, and the Schedule
of Baselines, at a level of detail needed to enable the Contractor to establish unit rates or
prices for each activity or a group of activities. The Contractor is responsible for filling the
BoQ with his proposed unit rates and prices. The Emerald Book and the ÖNORM B 2203-1
have multiple items listed in the BoQ. A “fixed-rate item” is a price or rate that remains
unchanged regardless of any alterations in quantity. A “time-related item” refers to a rate
or price for an item of work that is proportional to the time taken to execute the work and
not the quantity of that work. A “quantity-related item” is designated a rate or price for a
unit quantity of the item of work. A “value-related item” refers to a rate or price considered
proportional to the item of work.

The excavation and support works are reimbursed based on unit prices, with the
remaining works priced as a lump sum. The Client is responsible for structuring a BoQ
for excavating and lining operations. The Emerald Book keeps all options open in this
regard [45]. According to [76], for simple projects, it is possible to define one or two excava-
tion classes for the Contractor to price or draw up a detailed BoQ characterising everything
from shotcrete to each anchor.
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The BoQ for the excavation and lining works includes fixed-rate items, equipment,
supervision, facilities, and services required by the Contractor’s personnel, fees for the
Contractor’s overhead charges, and the maintenance of such provisions for the defined
period of works [45]. The unit rates and prices should not vary with changes in measured
quantities and have to cover the entire remuneration of the Contractor for such excavation
and lining works. The time-related rate items cover the availability and maintenance of the
fixed-rate items, which are measured in calendar days for either an extension or reduction
of time. The excavation and lining works have quantity-related rate items that include
the supply and installation of plant equipment for the corresponding section of the works.
The value-related charges are included as percentage additions in the rates and are needed
for compliance with contractual provisions such as insurance [77], securities, permits, and
levies for the relevant portion of the excavation and lining works.

4.3. Quantity-Related Items

Services that depend on the completed quantity are to be reimbursed in specially
provided items [54]. Material consumption due to excavation support (shotcrete, anchors,
segments, etc.) and other quantity-related ancillary work (e.g., production of pressure
grouting columns) fall under such services. In addition, it is routine in the international
environment to reimburse the expenditure for the tunnelling team (wage costs) in this item
type [35], in which positions are usually based on a m3 unit for each specified excavation
section [54]. The respective unit price reflects the calculated time required per unit and
tunnelling scenario. The quantity-related items are paid based on the determined quantity
with contractually agreed unit prices.

The Emerald Book stipulates that value-related costs, including time-related costs,
construction interest, and insurance premiums, are to be considered using a surcharge (per-
centage rate) on all items in the unit price [45]. A characteristic rule profile for determining
contractually relevant invoicing limits for tunnelling or the handling of a related additional
excavation, as found in the work contract standards of the ÖNORM model, does not exist
in the FIDIC tunnel construction contract model. Nevertheless, the sample Schedule of
Baselines shows that the contracting parties are advised to agree on an expected quantity
of the geological outbreak contractually [45].

4.4. Time-Related Items

In tunnelling construction, a significant portion of the costs incurred by the Contractor
is time related. The deviations in physical conditions and corresponding construction
methods lead to time adjustments for completion [78]. The time available to the Contractor
for the underground excavation, tunnel driving, and lining works has to be measured and
adjusted based on the difference between the subsurface physical conditions described
in the GBR and quantified in the Schedule of Baselines, and the conditions encountered
on site [45]. The Schedule of Baselines details the anticipated activities or items of work
that are consistent with the conditions described in the GBR. The BoQ must include time-
related items allowing adjustments in the contract price corresponding to the adjustments
in time [79]. The production rates provided by the Contractor in the Schedule of Baselines
form the basis for the completion and baseline schedules, which set out the milestones’
completion time [40,45].

The time-related items are essential for the contracts as a mainstay of the remuneration
model to ensure contractual adjustments regarding construction time and remuneration.
The contract stipulates that due to the extent of the contractual tunnelling speeds and
the actual distribution of the tunnelling sections, there are differences in the estimated,
flat-rate time-related costs of the fixed-rate items [80]. The differences in the time-related
rates are compensated via these items. Due to unforeseen underground conditions, these
time-bound items are also used to reimburse additional costs from supplements. Usually,
the time-related costs are invoiced based on actual calendar days without any link to the
service densities provided based on the contractually agreed construction schedule.
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Further, the invoicing effort is significantly lower with a lump-sum or partial lump-
sum contract than with a conventional unit price model. However, the contractually agreed
prices represent fair remuneration only if the conditions encountered during construction
do not differ significantly from the contractual conditions. The Contractor can make a sup-
plementary claim for the price adjustment or the construction period if there is a substantial
difference. The fault sensitivity of the contract model concerning the construction process
and the cost development in the event of unforeseeable events and standstills is relatively
high. For example, during downtimes, the tunnelling crew can hardly be deployed for any
other work, meaning that the costs of the crew remain.

4.5. Documentation of Tunnel Construction

As noted by previous research [62,81], only a small proportion of the data exchanged
on the construction site are automatically passed on wholly and digitally. The required
protocols and reports are often written by hand and filed in paper form, leading to a high
degree of manual work steps and time consumption to prepare the data for further use. For
invoicing, all quantities for each partial monthly invoice are often manually compiled in a
spreadsheet and assigned to the corresponding items in the BoQ. Since a tunnel construction
project usually runs over several years, a substantial number of reports is generated, all of
which should be filed and stored due to the contractually agreed documentation obligation.
Sufficient physical space must be made available for this purpose, and the filing logistics
must be strictly adhered to by all persons involved to make it easier to search for documents
when needed later. Thus, many of these issues can be effectively addressed by employing
centralised digital data storage of construction documentation [62,82,83].

According to the Emerald Book, the Contractor must provide monthly progress reports
to the Engineer following the format specified in the Employer’s requirements or an
acceptable alternative format unless otherwise agreed upon in the contract [45]. Reporting
should continue until the works’ completion date or until outstanding work is completed
as listed in the taking-over certificate unless specified otherwise in the contract.

Based on the Austrian contracts, a report should provide comprehensive information
such as detailed descriptions, charts, diagrams, photographs, and video recordings to
illustrate progress on and off the construction site [81]. Additionally, the reports should
include information on the manufacturer, location of manufacture, percentage progress,
expected dates for manufacture, inspections, tests, and shipment for every significant item
of plant, materials, and Contractor’s key equipment [84]. The reports should also provide
information on each stage of design, procurement, manufacture, delivery, construction,
testing, commissioning, and trial operation, including details about excavation cycle times,
ground support installation times and activities, planned and unplanned cycle time delays,
and the physical conditions and reactions of the ground encountered at the working faces
or excavation headings.

In the FIDIC Emerald Book, contract progress reports should contain the information
specified in Sub-Clause 6.10 [Contractor’s Records] [45]. Contents are copies of quality
management documents, inspection reports, test results, and compliance verification doc-
umentation, such as material certificates. Additionally, the reports should contain a list
of variations and any notices issued by either party under Sub-Clause 20.2.1 [Notice of
Claim]. In addition, the reports should include information on health and safety statistics,
hazardous or pollution incidents [44], activities related to environmental aspects, damage
to third-party property, and any social disturbance and public relations [45]. The progress
reports should also include comparisons of actual and planned progress, with details of
any events or circumstances that may adversely affect the completion of the works in
accordance with the contract and the time for completion and the adopted measures to
overcome delays.

The daily construction reports, shift reports, excavation reports, and cycle diagrams are
essential for Austrian tunnel construction sites when applying the ÖNORM B 2203-1. The
reports document the current state of construction, including all relevant information about
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contractual performance and any impacts and disruptions to the building process [82]. The
daily construction report is the starting point for data collection on a tunnel construction
site. It documents the activities in the tunnel, specifically the present shift-related personnel,
material, equipment data, and any special incidents [81]. The excavation report has no
standard form, though it is typically used for documentation on all tunnel construction
sites and operational areas.

The so-called cycle diagram is the one form of tunnelling report that shows the individ-
ual activities chronologically over 24 h. The respective site supervisor and representative
Contractor for each shift sign every report. Installed support materials of each excavation
are documented daily according to their type and quantity. The support installation proto-
col contains the used support measures and forms the basis for invoicing. The Client and
Contractor on site mutually agree upon the support measures, and both contracting parties
sign the protocol. The protocol includes the quantities, type, and unit of the installed sup-
port measures and essential comments regarding the installation. General information such
as the excavation number, construction time, date, length of the tunnel round, excavation,
and the underlying design is recorded for an additional overview.

The ÖNORM B 2203-1 documentation can supplement FIDIC Emerald Book projects as
it provides a comprehensive daily reporting system for tunnel construction sites. While the
Emerald Book specifies monthly progress reports, the ÖNORM B 2203-1 daily construction
report offers a more detailed and specific account of daily activities, which can be crucial
in identifying any issues or delays that may arise during construction. The Austrian
reporting system includes information on personnel, equipment, material data, and special
incidents to accurately record activities and provide a basis for invoicing. Additionally,
the excavation reports and cycle diagrams provide a clear chronological overview of
the activities required for tunnelling and the time needed for their execution. The daily
documentation of installed support materials is beneficial in ensuring that the Client and
Contractor agree on the support measures used. As both parties sign the protocol, disputes
can be avoided during further project execution. The ÖNORM B 2203-1 dispute resolution
models and FIDIC Emerald Book are discussed in the following section. Table 2 shows a
brief overview of the discussed reimbursement models.

Table 2. Compatibility of reimbursement models.

Selected Characteristics FIDIC Emerald Book Austrian Standards

Invoicing Actual measurement and unit prices Unit prices, lump-sum contracts

Security provisions Retention money, performance security, advance
payment guarantee

Security deposit, liability bond,
cover bond

Comparison of securities

Performance security (similar to security deposit),
retention money (combination of liability and cover

bond), no equivalent provision for advance
payment guarantee

Security deposit, liability bond,
cover bond

Payment for ground risks Differentiation between impacted and
unaffected sections

Reimbursed at a fixed amount
(fixed fee) for unaffected sections

Adjustment and compensation Based on additional drilling, lining works, and
deviation from benchmark production rates and costs

Adjustments based on quantity and
time-related rate items

BoQ categories Fixed-rate items, time-related items, quantity-related
items, value-related items Unit prices, lump sum, direct price

Excavation and lining works Reimbursement based on unit prices; remaining works
priced as lump sum

Unit prices for excavation and
lining works

Quantity-related items Reimbursement for material consumption,
tunnelling team costs Quantity-based unit prices

Time-related items Adjustments based on subsurface conditions,
completion time

Adjustments in contract price
corresponding to time adjustments
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Table 2. Cont.

Selected Characteristics FIDIC Emerald Book Austrian Standards

Documentation Monthly progress reports, comprehensive information
on progress, manufacturer details, construction stages

Comprehensive reports,
documentation obligations

Reimbursement models FIDIC Emerald Book ÖNORM B 2110

5. Dispute Resolution Models

Dispute resolution is an essential aspect of project management in any construction
project, including conventional tunnel construction projects. Disputes can arise for various
reasons, such as differing site conditions, delays in project completion, changes in project
scope, or payment issues. To avoid costly disputes, construction contracts typically include
dispute resolution provisions that outline the procedures for resolving disputes between the
parties [85]. This section compares the dispute resolution models of the ÖNORM B 2203-1
and the FIDIC Emerald Book concerning conventional tunnel construction projects. The
strengths and weaknesses of both models in the context of tunnel construction projects are
highlighted. The section will conclude with suggestions for project owners and stakeholders
on selecting and implementing the appropriate dispute resolution model for conventional
tunnel construction projects.

5.1. Risk Allocation in FIDIC Emerald Book

One of the core topics of the FIDIC contract model is the distribution of risks in
tunnelling projects, which follows the concept that the one who can better handle a risk
should bear it. As a result, the risk of physical conditions that do not correspond with
the anticipated subsurface conditions and groundwater is assigned to the Employer. The
Contractor, on the other hand, is responsible for the execution of the project. In other
international projects [34,86], attempts are often made to transfer the geological risk to
the Contractor.

Some FIDIC contracts [87] include a list of risks through which all bidders receive the
same initial data. The comparability of the bids is ensured by appending the prices. Whether
the specified risk distribution or other contract components are primarily negotiable does
not depend on using FIDIC terms and conditions but much more on whether the project’s
Employer is public or private [77]. Due to the overriding budgetary constraints to which
public sector bodies are largely subject, contract negotiation is usually ruled out [34].

The expert interviews conducted by [34] show that the FIDIC variants used interna-
tionally in mechanised and cyclical tunnelling almost always provide the possibility of
supplements. However, the FIDIC addendum system or another form of dispute man-
agement depends on the respective contract author [33]. The contract must clarify which
risk sphere the supplement originates from. The additional costs for the Employer or any
construction time extension can be calculated in a second step. Time limits for submit-
ting supplements and determining who acts as the decision-maker can be agreed upon
individually. An overview of the essential similarities between the sample contract and
remuneration models is shown in Table 3.

Table 3. Essential similarities of sample contract and remuneration models.

Selected Characteristics FIDIC Emerald Book and ÖNORM Standard

Quantity determination for invoicing Theoretical plan dimensions
Validity of the standard Through Contract

Preparation of permit applications By the Employer
Subsoil risk Employer

Calculation risk Contractor
Process risk Contractor
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The general principles for underground works expressed in the Emerald Book include
risk allocation particulars in tender documents for underground works. This allocation of
risks attempts to reflect which party is best prepared to control them [51]. The guidance
notes to the Emerald Book [45] recommend that the tender documents for underground
works should include detailed information about the anticipated subsurface conditions
and the related design considerations that served as a base for the Employer’s reference
design. This geotechnical and tunnelling design data must be detailed in the GBR, which
serves as the single source of allocation of risks of subsurface physical conditions. The
anticipated quantities of excavation and lining works are listed in the Schedule of Baselines,
which the tenderer uses to state the corresponding production rates for each work item.
When the anticipated subsurface conditions defined by the set of parameters of subsurface
physical conditions are available, the risk of production rates and relevant cost deviations
are allocated to the Contractor. The reaction of the surrounding ground to the underground
excavation or tunnel driving and support measures depends on its geotechnical parameters,
the design concept, and the construction methods [42]. The guidance notes to the Emerald
Book also recommend a schedule of the Contractor’s key equipment with the essential
items explicitly made available for the execution of the works.

5.2. Excavation Hindrances

The ÖNORM B 2203-1 regulates difficult tunnelling only for water hazards [54]. The
additional time required to control a mountain water ingress is considered via additional
times for the excavation in the construction time model. Exceeding the upper water limit
designates an interruption of excavation. The standard stipulates that extra payment
items must be provided to support the excavation outside the specified driving areas. The
application of shotcrete protection on the cavity side is already compensated for with
the standard position of the support measure [35], while filling an additional excavation
with shotcrete beyond boundary surfaces requires separate positions in the specifications.
Circumstances in the subsoil require advanced safety measures, such as pipe shields,
ground freezing, or jet grouting. Such measures are referred to as special measures and
equipment and can usually not be carried out with the equipment of the standard drive.
The ÖNORM B 2203-1 standard prepares separate items for the predicted special measures.
Positions must be provided for setting up, holding, and clearing the equipment and for the
performance of the work itself.

5.3. Dispute Adjudication

Following previous FIDIC contract forms, the Engineer has a double role in the
Emerald Book [46]. For one, the Engineer is hired by the Employer and entrusted with
contract management while treating both parties equally, fairly, and equitably in resolving
or determining any matter or claim. Given the importance of GBR management during
construction, the Emerald Book necessitates an essential role for Engineers who oversee the
execution of work on the site [46]. Since large-scale construction projects are generally char-
acterised by conflicts [88], and Engineers play a central role in resolving disputes between
parties, their position requires high impartiality. The core functions of the Engineer include
assessing the Contractor’s execution readiness planning, providing general construction
supervision, and supervising and recording excavation work.

The Engineer must oversee the measures the Contractor took related to excavation
and document the subsoil conditions encountered. Engineers further review the extent and
invoicing of excavation work and approve or fix any contractual adjustments regarding
payment and construction time within the framework of the contract. Finally, the func-
tions include execution instructions during changes in services made by the Employer
or regarding unpredicted subsoil conditions and the assessment of the execution of the
excavation following the contract or decision of supplementary claims [14], especially those
for unforeseen subsoil conditions.
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Representing the safety officer, the Contractor decides what actions to take. Still, the
Engineer should evaluate how well the General Conditions and the contract are being
adhered to and whether the Contractor’s measurements should be accepted [45]. If no
agreement can be reached, the Engineer has to make a fair decision, and the Contractor
decides whether to file a claim. Following a Notice of Dissatisfaction (NOD) from either
party, the matter is passed on to the Dispute Avoidance/Adjudication Board (DAAB) [15],
which will be appointed throughout the project’s lifecycle [15,89]. After these two options
are exhausted, the dispute will proceed to external arbitration or litigation [16,90]. Due
to the importance of GBR implementation, robust technical and commercial controls on
the site by Employers and Contractors enable parties to be more proactive and prudent in
addressing and dealing with potential deviations.

5.4. Claim Management as Defined in the FIDIC Contract Model

The FIDIC Model Contracts specify that the Contractor is entitled to an extension of
the construction period and additional remuneration under certain circumstances. Justified
claims made by the Contractor may be based, for example, on the late availability of plans
or the Employer’s instructions, unforeseen physical conditions (water ingress, ground
properties, etc.), and fossils found [45]. To make the required claim, the Contractor must
notify the consulting Engineer within 28 days of awareness of the reason. After the deadline,
a loss of claim will occur, and the Engineer will not have to accept any liability concerning
the event or circumstance in question [8]. Subsequently, the FIDIC contracts make a
distinction in the prescribed procedure as to whether the claim is for an extension of the
construction period or additional remuneration.

In the case of a claim for additional remuneration, the Contractor must present the
circumstances warranting the claim to the consulting Engineer within 14 days after the first
notification [45]. This means that the Contractor must prepare a comprehensive provisional
cost estimate within 42 days of becoming aware of the basis of potential excessive costs or
delays. In case of a claim for an extension of the construction period based on an obstruction
to the construction process, the Contractor must prepare an updated construction schedule
no later than 42 days after the obstruction ceases to exist and submit it to the consulting
Engineer. In case of non-compliance with one of the deadlines mentioned, the claims are
usually forfeited [45]. The overview of the essential differences between standards-based
contract forms and reimbursement models is shown in Table 4.

Table 4. Essential differences between sample contract and reimbursement models.

Selected Characteristics FIDIC Emerald Book ÖNORM Standard

Independent standards for
cyclical tunnelling -

ÖGG planning guidelines
ÖNORM B 2203-1
ÖNORM B 2118

Pricing Lump-sum contract Unit price contract

Remuneration model Flexible according to tunnelling sections as specified in
the GBR

Flexible according to the
tunnelling classes

Ground investigation GBR by Employer Geotechnical report by Employer

Time required for the decision on
excess or reduced cost claims Within 42 days Within 2 months

Structure of the rock
mass/Classification of the subsoil

Homogeneous and heterogeneous zones depending
on the project Rock mass behaviour types

Minimum technical requirements of
the tunnelling method Geotechnical Baseline Report by the Employer Geotechnical planning

Detailed design By the Contractor Usually by the Employer

Determination of tunnelling class Effort for excavation, support and ancillary measures,
preliminary subsoil investigation, seepage treatment

Number of support measures
Tunnelling method
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Table 4. Cont.

Selected Characteristics FIDIC Emerald Book ÖNORM Standard

Compensation for time-related costs Schedule of Baselines/Actual calendar days Construction timetables

Service description Constructional description for tunnelling and support
measures; otherwise, functional service description Constructional description

Service specifications Items for tunnelling and lining services Structured by single items

Safety and health protection By the Contractor By the Employer

Dispute resolution 3-stage procedure (mandatory) 2-stage procedure
(can be agreed upon)

Warranty period Determined by the Client, dependent on the project 2 years for movable items
3 years for immovable items

5.5. Selecting and Implementing the Appropriate Dispute Resolution

Section 5 discusses the importance of dispute resolution in construction projects, par-
ticularly conventional tunnel construction projects. Disputes can arise for several reasons,
such as changes in the project scope, payment issues, and delays in project completion.
Construction contracts include dispute resolution provisions to avoid costly disputes. This
section compares the dispute resolution models of the ÖNORM B 2203-1 and the FIDIC
Emerald Book concerning conventional tunnel construction projects. ÖNORM B 2203-1
can facilitate dispute resolution in FIDIC Emerald Book contracts by providing standard
guidelines for contract interpretation and dispute resolution procedures, thereby reducing
ambiguity [91] and potential disagreements between parties. Detailed documentation
with ÖNORM 2203-1 can help facility management by providing a systematic approach
to facility operations and maintenance, ensuring compliance with legal and regulatory
requirements, and reducing the risk of equipment failure or accidents. This section also
discusses the allocation of excavation hindrances, special measures and equipment, and
the differences between the two models.

6. Results and Assessment

The previous sections have delineated FIDIC Emerald Book and ÖNORM B 2203-1
as contracting models offering comprehensive project execution guidelines comprising
contract formation, tunnel design, construction, quality control, and commissioning. The
functional organisation charts of the ÖGG project structure guideline [92] and FIDIC
Emerald Book [45,70] highlight key differences in terms of the roles and responsibilities
assigned to various positions within the project structure (see Figure 3).

In the ÖGG project structure guideline (left side of the comparison chart), the role of
a tunnel engineer is explicitly mentioned, indicating their involvement in the design and
construction of the tunnel. ÖNORM 2203-1 also includes specific positions for geotechnical
monitoring and geological documentation. The chart also contains independent controlling
and finance management roles, emphasising the need for separate entities responsible
for overseeing project controls and financial management. On the other hand, the FIDIC
Emerald Book (right side of the comparison chart) does not explicitly feature a dedicated
role for a tunnel engineer. Instead, it encompasses the position of a FIDIC Engineer
responsible for overall project management and coordination. One notable difference
between the models is that Austrian guidelines include a role for health and safety [93]
seen on the left side of Figure 3, while the FIDIC Emerald Book does not specifically feature
this role [45]. Another difference is that the FIDIC Emerald Book includes a role for quality
control, depicted on the right side of Figure 3 [45], which is not explicitly included in the
ÖNORM 2203-1.
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The ÖNORM B 2203-1 [54] and the FIDIC Emerald Book [45] guide the design and
construction of tunnels, including tunnel alignment, excavation, support systems, and
ventilation. Additionally, both models outline the roles and responsibilities of parties
involved in the project, such as the Client, Contractor, and Engineer [45], and provide risk
management guidelines, including risk assessment and mitigation strategies, as discussed
in Section 5. However, the contract models differ in other aspects. For instance, the
ÖNORM B 2203-1 offers more technical specifications, while the FIDIC Emerald Book
emphasises risk allocation and management. The ÖNORM B 2203-1 model emphasises
environmental protection and sustainability, reflecting the importance of these issues in
Austria. It also provides more detailed guidance on specific aspects of tunnel construction,
such as geotechnical investigations and tunnel lining design. The FIDIC Emerald Book is
more focused on the contractual aspects of the project.

The ÖNORM B 2203-1 model can benefit project execution based on FIDIC Emerald
Book contracts in various ways: cooperation, project management, reimbursement, and
dispute resolution. For instance, as discussed in Section 3, it can provide additional techni-
cal specifications that the FIDIC Emerald Book does not cover. It can also offer guidance
on project management and cooperation issues that may arise during the project execu-
tion. Additionally, the ÖNORM model can supplement the reimbursement and dispute
resolution provisions of the FIDIC Emerald Book by providing additional guidance on
calculating and paying project costs, serving as the basis for the Client’s internal controlling,
and resolving disputes that may arise during the project.

Concerning cooperation, the ÖNORM B 2203-1 model can provide additional options
and guidance to promote communication and collaboration among the parties involved in
the project. It sets out procedures and processes that can help ensure the project’s efficient
and effective execution. Regarding project management, the ÖNORM model can assist
by outlining clear guidelines for the roles and responsibilities of each party, as well as
project scheduling and reporting, as discussed in Section 4 [81]. The ÖNORM model can
supplement the reimbursement process by establishing standard payment procedures,
including payment milestones and procedures for claims and deviations. This can ensure
that all parties are paid fairly and reduce disputes over payments. Finally, regarding dispute
resolution discussed in Section 5, the ÖNORM B 2203-1 model can supplement the FIDIC
contracts by providing standard procedures for dispute resolution, such as mediation and
arbitration. This can help resolve disputes promptly and efficiently, reducing the risk of
delays or cost overruns.
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The sections have pointed out the importance of thoroughly reviewing the contract
terms before agreeing, to ensure an understanding of the obligations and responsibilities
of all the involved parties. As has been shown, the FIDIC Emerald Book provides general
contractual conditions and information for preparing tender documents for tunnelling
projects. In turn, the ÖNORM B 2203-1 is unique in that it aims to combine technical
features of cyclical tunnelling with a contractual framework. Moreover, using a unit price
contract, the framework creates a transparent distribution of risk spheres and cost security
for the Employer. It also has been pointed out that the FIDIC Emerald Book incorporates a
Geotechnical Baseline Report, a tailored “Unforeseeable Physical Conditions” clause, and a
flexible mechanism for remuneration. Meanwhile, the ÖNORM B 2203-1 offers flexibility
with a clear definition of excavation classes and their adaptation to rock conditions.

7. Summary and Conclusions

This paper demonstrates that the recently published FIDIC Emerald Book enables
Employers to handle tunnel construction projects more cooperatively. It offers more trans-
parent construction management processes and improved cooperation among the project
participants. The risk distribution and remuneration models, the key figure of the Engineer,
and the obligation of a DAAB all play a decisive role in this contract form. The project
participants should implement the existing contractual provisions in the best possible way
specific to the project.

The ÖNORM B 2203-1 and the FIDIC Emerald Book provide guidelines and specifi-
cations for project execution, including contract formation, tunnel design, construction,
testing, and commissioning. One fundamental similarity between the two models is that
they emphasise the importance of project management and stakeholder cooperation. How-
ever, there are also some differences between the two models. For example, the ÖNORM
focuses more on providing detailed technical specifications, while the FIDIC Emerald Book
emphasises risk allocation and management. There are several ways the ÖNORM model
can supplement the project execution based on FIDIC contracts with respect to cooperation,
project management, reimbursement, and dispute resolution. For example, the ÖNORM
model can provide additional guidance on technical specifications that the FIDIC Emerald
Book does not cover. It can also provide guidance on specific project management and
cooperation issues that may arise during the project execution.

The main suggestion of the paper is that the ÖNORM model can beneficially supple-
ment the reimbursement and dispute resolution provisions of the FIDIC Emerald Book by
providing additional guidance on calculating and paying project costs and resolving dis-
putes that may arise during the project. As has been seen and discussed, the Emerald Book
stipulates that value-related costs, including time-related costs, construction interest, and
insurance premiums, are to be considered using a surcharge (percentage rate) on all items
in the unit price. A characteristic rule profile for determining invoicing limits for tunnelling
or the handling of a related additional excavation, as found in the work contract standards
of the ÖNORM model, does not exist in the FIDIC tunnel construction contract model.
Nevertheless, it can be seen from the sample Schedule of Baselines that the contracting
parties are advised to agree on an expected quantity of the geological outbreak contractually.
Furthermore, the authors recommend that the Employers provide relevant regulations in
the construction contract beyond the framework of the Emerald Book, especially concerning
excavation hindrances as defined in the ÖNORM B 2203-1 standard.

The results of this study provide an overview of the similarities and differences
between international construction contracts. The findings give insights into how global
construction contract management practices can be optimised by integrating the ÖNORM
patterns and approaches into the FIDIC framework. Practitioners can use the results of this
study to make informed decisions when choosing a construction contract for international
tunnelling projects.

As the FIDIC Emerald Book has been introduced only recently, there is a lack of case
studies examining the practical implementation of the ÖNORM B 2203-1 in FIDIC-based
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tunnelling projects, which subsequently limits the current research. Including case studies is
crucial for obtaining empirical evidence and practical insights into contract administration,
dispute resolution, and risk allocation within the specific context of tunnelling. Moreover,
forthcoming revisions of the mentioned norms, standards, and contractual forms may
incorporate changes, which must also be considered in future research. Future research
endeavours should address these limitations by incorporating case studies, as this will
significantly contribute to an improved understanding and application of FIDIC contracts in
conventional tunnelling projects, leading to enhanced project outcomes and fewer disputes
between contracting parties.
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