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CLIMATE CHECK - DECARBONIZATION IN AUSTRIAN ROAD
GUIDELINES

Martin Fellendorf

Graz University of Technology, Inst. Transport Planning and Traffic Engineering & Austrian
Research Association for Roads, Railways and Transport (FSV)

Karlsgasse 5, 1040 Vienna, Austria

SUMMARY

On the recommendation of the FSV Monitoring Group "Climate Agreement and Transport", all
326 RVS and RVE guidelines were examined for their climate relevance. Those guidelines were
identified which could lead to a large GHG (greenhouse gas) contribution. There is a consensus
in the FSV that future guidelines should contribute to keeping the CO2 footprint of road
construction and operation as low as possible. GHG contributions can be caused by the
construction materials used and the required energy input or by the operation of the infrastructure
facility due to traffic. A total of 37 guidelines were prioritized in terms of climate relevance. This
article summarizes the findings of the original study which was written in German.

1. INTRODUCTION

The majority of the FSV members agree that the aspect of GHG emissions should also be
reflected in the guidelines RVS/RVE. Heck&Partner was commissioned by FSV to review the
existing guidelines for roads (RVS) and rail infrastructure (RVE) for climate compatibility. The
FSV monitoring group Climate Agreement and Transport had recommended in advance that
the climate relevance of guidelines should be reviewed in a two-stage process (Fig. 1), namely
in stage A with an examination of whether the application of the respective guideline has a
direct or indirect impact on GHG emissions. In stage B, the level of GHG-Emissions is to be
classified in five categories from "not taken into account at all" to "GHG-E are reduced by the
directive" to "the directive overcompensates for the GHG".

Climate relevance of guideline

Stage A Application of guideline No direct or indirect impact
has impact on GHG-E on GHG-E
@ ) 3) @) ®)
Stage B Guideline does not GHG-E considered without GHG-E considered with climate neutraliy as guideline emphazises carbon
consider GHG-E intention of reduction intention of reduction objective of guideline sink

Fig. 1. Two-stage process to evaluate climate relevance as recommended by FSV
Monitoring group, 2022

In this study (Fellendorf et al., 2023), assessment criteria for climate relevance are first defined.
Subsequently, each of the currently valid 309 road guidelines RVS and 17 rail infrastructure
guidelines RVE are examined with respect of climate relevance criteria. Each guideline in
which at least one climate-relevant criterion has not yet been considered is classified in terms
of its effectiveness. Guidelines with a high level of effectiveness are either applied frequently
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or used in particularly large projects. From a combination of the high effectiveness of the
guideline and climate-relevant criteria that are not yet sufficiently considered, a total of 37
guidelines were identified that need to be revised with high priority due to their climate-relevant
significance. Initial implementation steps have already been taken in the working groups since
the study was published. Asfinag, the highway operator responsible for the federal road
network, is strongly represented in the FSV committees and has already launched several
projects aimed at reducing GHG emissions. These are pilot projects from which findings can
be incorporated into future guideline work.

2. CRITERIA OF CLIMATE RELEVANCE FOR TRANSPORT INFRASTRUCTURE

The following criteria were identified to check the climate readiness of a transport infrastructure
project in any phase of its life cycle (Fig. 2).

Impact
L IL 100, IV
I

direct GHG-E

Climate relevance

A 15

1
Indirect GWP
1
I 1
1. building-related GHG resources
2. traffic-related GHG 3. Total energy -

=l 4. land use change

8. Lifespan

5. Share of recycled
material

— 6. recyclability

Fig. 2. Criteria to evaluate the climate relevance of transport infrastructure
2.1. Greenhouse gas emissions (GHG-E)

GHG-E of various greenhouse gases are scaled uniformly based on their respective GWP
(global warming potential) in accordance with ISO 14064-1 and ISO 14067. The GWP is given
in CO2 equivalents [COzeq] and is related to a functional unit. Various quantities can be
considered as functional units, such as COzeq per unit of fossil fuel [kg CO2eq/kg], per vehicle
kilometre [kg CO2eq/Vehkm] or per building material used [kg CO2eq/t or m*] as well as per
unit area of built-up building surface [kg CO2eq/m?]. The GWP as an environmental impact of
a process, product or building can be determined using the life cycle assessment method in
accordance with EN ISO 14040.

Since the RVS guidelines are applied in the planning phase of infrastructure measures such
as alternative road or railway corridors as well as building specific roads or railway
infrastructure, a differentiation is made between:



1. building-related GHG-E and

ii. traffic-related GHG emissions.

(1) includes GWP related to new constructions caused by the production of building materials
and the construction of a building (construction measures, transportation, construction
operations, etc.) in life cycle phases Al up to AS. It is referred to as embodied emissions. On
the other hand, the GWP resulting from maintenance, repair and renewal measures in the use
phase (life cycle phases B1 to B7) and GWP at the end of life of a building due to dismantling,
demolition and disposal (life cycle phases C1 to C4) also count as construction-related GWP.
In the ideal case of a circular economy, GWP from reused or recycled materials can be credited
in a second building life cycle to reduce emissions, provided that the system boundaries or the
period under consideration are extended (life cycle module D). (ii) refers to the GWP caused
by traffic. Each vehicle produces some GHG-E per distance travelled. An infrastructure which
will lead to higher Vehkm will generate more GHG-E. When determining the GHG-E caused
by the infrastructure and traffic, the definition of the study area and the observation period is of
decisive importance.

2.2. Life cycle assessment

Life cycle assessment (LCA) is a systematic analysis of several ecological indicators of
products, processes, services and buildings in their entire life cycle or in declared parts of the
life cycle and is standardized in EN ISO 14040/44. In addition to GWP [t CO2eq] and primary
energy demand [J], other indicators (e.g. ODP ozone depletion potential, AP acidification
potential of soil and water, PERT = total renewable primary energy; PENRT = total non-
renewable primary energy) are also specified as indicators in an LCA.

The life cycle of a building describes the period between its construction and demolition.
According to the LCA method, the entire life cycle of a building comprises the production phase
(modules A1-A3 of raw material extraction, transportation to the manufacturer, production)
and the erection phase (A4: transportation to the construction site, AS: installation), the use
phase (B1-B7), the disposal phase (C1-C4) and the benefits and loads outside the system
boundary (module D, informative). The entire life cycle is cradle to grave or ideally takes place
in a circular economy (cradle to cradle). Construction products are often only declared for parts
of their life cycle.

The life cycle assessment data of construction products is made available to users by
environmental product declarations (EPDs) in free or paid databases, for example:
OKOBAUDAT (https://www.oekobaudat.de), GaBi (https://gabi.sphera.com) and the Life
Cycle Inventory (http://www.ecoinvent.org/database). Austrian research projects such as
Decarbonization First VIF/FFG (2023) and LZinfra are also currently developing tools for the
life cycle assessment of transport infrastructure.

A distinction is made between generic data, i.e. non-specific data from a group of products,
association-specific data sets, i.e. industry EPDs, and company-specific data, i.e. product EPDs
from individual manufacturers. The databases use both generic data from the literature and
specific data in the form of industry EPDs or manufacturer EPDs as a basis. To create the EPDs,
the production data for one year is usually recorded for each manufacturer or the entire industry.
The EPD creators describe the data as a representative average, but no information is provided
on fluctuation ranges in the declaration of environmental impacts. The EPDs are generally valid
for 5 years. The declaration of ecological indicators is based on rules for product categories, for
example for construction products in accordance with EN 15804. EPDs can be verified by an
independent body. The assessment is carried out within declared system boundaries and can
also be limited to certain life cycle phases, which seems particularly useful for building



materials whose place of use is still unknown (e.g. phases A1-A3 of production — cradle to
gate).

planning construction operation demolition ll Potenfialto

| ’ ’ use & maintain ‘ u recycle
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|
|
trafficrelated 0000 - !

Fig. 3. GHG-E is distributed over life-cycle of an infrastructure project

The specification of ecological indicators of specific building materials (e.g. different types
of cement, aggregates, asphalt types, steel types, etc.) enables the differentiated calculation of
the GWP of different material mixtures (e.g. concrete types and asphalt types) as well as
building types, construction and building methods. Their GWP can vary greatly. There is also
a wide range of variation in the data for some building materials due to the different sources,
balance limits and specificity.

Note: The analysis of climate-relevant indicators can be part of a more comprehensive
sustainability assessment. Impacts of the construction and operation of buildings on sustainable
development are assessed using quantitative indicators for (i) environmental, (ii) social and (iii)
economic aspects. The sustainability assessment can be applied to all types of construction
works according to EN 15643 or EN 17472. This goes beyond the climate relevance of GHG-E
as being considered in future RVS guidelines.

2.3. Total energy

Energy consumption correlates with the (structural) production, construction and maintenance
as well as with the traffic-related use of transportation structures. As the total energy demand
is still largely covered by fossil (non-renewable) energy sources, it indirectly causes GHG
emissions. Future energy demand depends on the success of the industrial transformation. Even
in the event of a transition to renewable energy sources, the lowest possible use of primary
energy for the construction and operation of road infrastructure as well as for the provision of
transport services is a key objective.

2.4. Land use change

In the present analysis, land use change is understood as the use of previously undeveloped
areas (green spaces, undeveloped or agricultural areas) for transport infrastructure. In a
narrower sense, this refers only to areas which were previously biologically productive land.

2.5. Proportion of recycled material

The proportion of recycled material used, i.e. material or building material components that are
recovered, processed and recycled for a second life cycle, should be as high as possible in terms
of resource conservation in a circular economy under the premise of reducing GHG emissions
to relieve the burden on landfills. The term recycled material refers to recyclable material in
general and is broader than the specific term recycled building materials, which are defined in
accordance with the Recycled Building Materials Ordinance. It also includes metals and wood,
for example.



2.6. Recyclability

Recyclability refers to the ability of products, building components and structures to be
returned to technical (or possibly organic) material cycles at the end of their life cycle,
separated by type of material or usable element or to be reused as whole elements
(reusability of entire components) instead of having to be disposed of. In particular,
recyclability as a subset means that a component can be broken down into its basic
materials, which are then reused as building materials.

The prerequisite for recyclability is that products or structures are designed and
constructed in such a way that they can be easily separated and dismantled in a recycling-
oriented manner (i.e. sorted and carefully dismantled in the course of demolition). The
recycled material can also be used to manufacture new products, building materials or
structures. The aim is to achieve a functioning circular economy under the premise of
climate targets.

In addition to recycling within a specific sector, such as the construction sector, it also
makes sense in terms of the cross-sectoral circular economy to design products or buildings
in such a way that they can be recycled in an area that does not correspond to their original
use. In the context of recycling-oriented deconstruction (disposal of materials obtained from
products or buildings), emphasis should also be placed on increasing this proportion.
Qualitative downcycling should be avoided.

2.7. Climate neutrality target

At the various political levels, the climate targets define dates by which net-zero GHG
emissions are to be achieved. Austria aims to achieve climate neutrality by 2040. Fig. 4
illustrates the problematic nature of a specific time target for climate neutrality. Assuming
two alternative infrastructure measures exist to solve a traffic problem; one construction-
intensive with low traffic-related GHG-E (e.g. tunnel connecting two settlements directly)
and a second scenario with low construction-related GHG-E at the start of construction but
shorter maintenance intervals and significantly higher traffic-related GHG-E (e.g. a longer
road between the settlements). Up to time tl, Scenario 2 is more favourable in terms of
GHG-E, although scenario 1 performs better over the lifetime of the structures. If the time
target of climate neutrality lies before time tl, scenario 2 is given preference over a
complete life cycle assessment. Alternatively, only GHG compensation measures beyond
the system boundaries could be taken together with scenario 2 in order to reduce GHG-E in
the long term.

2.8. Lifespan

The service life of a building or product is the period between its construction or production
and its demolition (dismantling) or disposal. The lifespan corresponds to the actual duration
over which the infrastructure is used and may differ from the economic lifetime of an
infrastructure represented by the depreciation period of a building. The lifespan of transport
infrastructure varies widely between 30 years for roads and 100 years for tunnels
disregarding maintenance efforts which may extend these periods.
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Fig. 4. Accumulated building and traffic related GHG-E for two scenarios during the
lifespan of a transport infrastructure

3. EVALUATION OF RVS AND RVE GUIDELINES

Each RVS and RVE has been evaluated subject to the climate criteria (Fig. 2). Each criteria
was classified from 1 to 5, if the topic is addressed in the particular guideline; otherwise it
was classified as A (not relevant) according to Fig. 1. About half of the RVS guidelines
(162 out of 309) have no climate relevance such as guidelines on traffic counts or traffic
information.

The importance of the remaining guidelines was classified by an impact value ranging
from I (very high impact) to IV (very low impact). The impact value describes how often
the guideline is applied and the typical project size. Guidelines with climate relevant criteria
(value 1 or 2) and noticeable impact (value I or II) were identified as priority guidelines.
Tab. 1 contains all 37 guidelines which are recommended to be addressed in the near future.
Most of these guidelines are currently only available in German. However, guidelines with
requests from other countries will be translated to English.

Three examples of the prioritized guidelines will illustrate the findings. The RVS
03.08.63 is frequently applied for all pavement designs since it gives guidelines about the
constructive details of superstructures. It defines material properties (asphalt, concrete,
stabilized base layers) and layer thickness as a function of load classes.



Tab. 1. 37 RVS road guidelines were identified to incorporate the GWP in the next future

RVS_No German Title English Title

RVS 01.03.11 Gestaltung und Autbau einer RVS

RVS 02.01.11 Grundsitze der Verkehrsplanung

RVS 02.01.22 Nutzen-Kosten-Untersuchung im Verkehrswesen

RVS 03.01.11 Beurteilung des Verkehrsablaufs auf Stralen

RVS 03.03.23 Linienfiihrung und Trassierung

RVS 03.0331 Querschnittselemente sowie Verkehrs- und Lichtraum Cross-section Elements and Envelopes of Clearance
von Freilandstraflen of Rural Roads

RVS 03.03.81 Léndliche Stralen und Giiterwege

RVS 03.04.12 Planung und Entwurf von Innerortsstralen

RVS 03.05.13 Gemischte und planfreie Knoten

RVS 03.08.63 Oberbaubemessung

RVS 04.01.11 Umweltuntersuchung Environmental Assessment

RVS 04.01.12 Umweltmafinahmen

RVS 04.02.12 Ausbreitung von Luftschadstoffen und Tunnelportalen E(i)slizsi?llé F(Flfmﬁgt;?ggzlsl’ollutants from Transport

RVS 05.02.11 Anforderungen und Aufstellung

RVS 05.04.31 Einsatzkriterien Verkehrslichtsignalanlagen

RVS 05.04.32 Planen von Verkehrslichtsignalanlagen

RVS 07 Leistungsbeschreibung

RVS 08.03.01 Erdarbeiten Earthworks

RVS 08.06.01 Beton und Stahlbeton

RVS 08.06.02 Bewehrung

RVS 08.08.01 Stahltragwerke

RVS 08.15.01 Ungebundene Tragschichten

RVS 08.15.02 Ungebundene Tragschichten an Asphaltschichten

RVS 08.16.01 Anforderungen an Asphaltschichten

RVS 08.17.02 Deckenherstellung

RVS 08.43.01 Stiitzmafinahmen UT

RVS 08.97.05 Anforderungen an Asphaltmischgut

AT Gebrauchsverhalensarintierer Ansatz

RVS 09.01.41 Offene Bauweise

RVS 09.01 42 g:zzllllﬁ);;ene Bauweise im Lockergestein unter

RVS 10.02.12 Zuschlagskriterien fiir Bauauftrage im Verkehrswegebau

RVS 10.02.13 Value Engineering fiir Infrastrukturbauten Value Engineering for Infrastructure

RVS 10.02.14 Alternativangebote fiir Infrastrukturbauten

RVS 13.04.01 Allgemeiner Teil

RVS 13.05.11 Lebenszykluskostenermittlung fiir Briicken Calculation of Life-Cycle-Costs for Bridges

RVS 15.01.11 Qualitatskriterien fiir die Planung von Briicken

The load class is defined by measured or forecasted traffic volumes and shares of truck
volumes. Different forecasted traffic volumes will impact traffic related GHG-E and may
influence the load class. Land use is not a topic within this guideline and as such marked with
A (not relevant). Recycled material and lifespan are already addressed to a small extent in the
current guideline and marked with 2. All other climate relevant criteria are not addressed in this
guideline and marked as 1 (Tab 2).



Tab. 2. Climate criteria evaluated for RVS 03.08.63 dimensioning of road superstructure
(Oberbaubemessung)

_ Traffic
Building related Total Land use Recyc%ed ResyekiitGy || Litsgm
related GHG-E energy change material
GHG-E
1 1 1 A 2 1 2

The RVS 08.08.01 looks at concrete as one specific materials used in road constructions.
Therefore, traffic related GHG-E are not relevant (A not relevant) but all other climate criteria
are relevant and not yet addressed in this guideline (Tab 3).

Tab. 3. Climate criteria evaluated for RVS 08.08.01 Concrete and Reinforced Concrete
(Beton und Stahlbeton)

Building Trafﬁc Total Land use Recycled o .
related . Recyclability | Lifespan
related GHG-E energy change material
GHG-E
1 A 1 A 1 1 1

The recent RVS 10.02.12 published in 2023 defines contract award criteria for public works
contracts (Tab. 4). In best bidder procedures, the contracting authorities have the option of
specifying additional quality criteria to evaluate different bids in addition to the price during
the tendering process. This recent RVS already provides the option of taking climate-friendly
criteria into account. So far, however, only the criteria of recyclability are considered when
awarding contracts in accordance with the RVS. A higher minimum weighting of climate-
relevant indicators compared to other quality indicators would give the climate impact a greater
influence when awarding construction projects.

Tab. 4. Climate criteria evaluated for RVS 10.02.12 Contract Award Criteria for Public
Works (Zuschlagskriterien fiir Bauauftrdge im Verkehrswegebau)

o Traffic
Sl related Weiizl LR T Recyc!ed Recyclability | Lifespan
related GHG-E energy change material
GHG-E
3 A 1 1 3 1 1

The Austrian motorway operator Asfinag already applied this RVS in some recent
procurements and some pilot projects are under way.

4. CONCLUSIONS

In future infrastructure planning, a life cycle assessment (LCA) including GHG emissions will
be increasingly used, applying LCA methods for different anticipated mobility scenarios. So
far, LCA is applied to construction products, construction elements and individual structures.
LCA should also be applied for full infrastructure projects, which also includes traffic-related
GHG emission. The guidelines RVS and RVE will be prepared to include climate relevant
criteria in the future for transportation projects of different size.

Starting a new guideline, the FSV requires a statement of the objectives, needs and audience
of the guidelines (motive report). This statement contains now questions on the eight climate
relevant criteria according to Fig. 2.



When implementing climate-relevant criteria in future RVS/RVE, their quantitative
assessment is required. For the quantitative determination of GHG-E (CO2eq/GWP), the
methodology LCA according to EN ISO 14040 and 14044:20212, the ecological sustainability
assessment of engineering structures according to ONORM EN 15643:2021 4 as well as EN
15978:2012 and EN 17472:2020:03 (2020) and the preparation of environmental product
declarations for construction products according to ONORM EN 15804:2022 3 can be used. A
method to quantify other criteria, such as land use, should be developed in a cross-sectional
group of the FSV in the future.

A reduction in GHG-E through a revision of the RVS can be achieved at three different
levels of new road infrastructure:

1. At the strategic level of transport planning, GHG-E should be determined by a
mandatory quantitative study showing COzeq per infrastructure scenario as the sum of
traffic-related (COzeq % transport performance) and construction-related GHG-E (i.e.
COzeq/over a defined observation period). Decisions on new road and rail infrastructure
should consider total CO2eq as one indicator besides safety and efficiency.

2. At the level of tendering, awarding and building new roads, a quantitative LCA of
construction-related GHG-E should be mandatory. The indirect climate relevant
indicators of Fig. 2 should be considered if appropriate.

3. At the level of construction products, construction elements and construction methods,
it is recommended that the calculation of GHG-E is done in detail. The embodied
emissions must be declared applying appropriate environmental product declarations
(EPD’s). The definition of suitable EPD’s will be a continuous effort and must be
mentioned in future guidelines.
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THE EVOLUTION OF THE RAILWAY SYSTEM OF THE EUROPEAN
UNION FROM A REGULATORY PERSPECTIVE

Josef Doppelbauer
European Union Agency for Railways (ERA)
120 rue Marc Lefrancq, FR-59307 Valenciennes

SUMMARY

Transport is fundamental for social and economic development, but, on the other hand, the
transport sector contributes 25% of Greenhouse Gas emissions in the European Union, and,
unlike other sectors, transport emissions have not decreased in the last 20 years. Rail as a guided
transport system with low friction has excellent environmentally friendly properties. In order
to reach the decarbonisation objectives for transport, volumes need to shift more and more to
sustainable modes, especially to rail. In addition to the outstanding environmental
characteristics of rail — one passenger kilometre by train consumes only about one tenth of the
energy as compared to a private car — safety (rail is the safest mode of transport) and
convenience also speak for the train. Challenges for rail arise in terms of price and quality —
delays and train cancellations cloud the positive balance. Our vision for the European railway
system is to no longer have any technical or operational boundaries, thereby providing freedom
of movement, and standardisation in order to achieve economies of scale. Coordinated
evolution towards the Single European Railway Area (SERA) needs a proper regulatory basis,
which is provided by the regulation on the Trans-European Network (TEN-T) and by the
Technical Specifications for interoperability, in particular for Control, Command and
Signalling (CCS). Managing the rail capacity across the network is another important subject
that needs to be addressed by European regulation as well.

1. INTRODUCTION

As the European railway system is a complicated system with competing national and
contractual interests, with complicated procedures and complicated liability rules, development
of both passenger rail and rail freight in the EU have not met political objectives. A modal shift
to rail has been an EU policy target since quite some time — however, in reality, over the past
years the modal share of rail has been stable if not slightly declining. As the carbon crisis
connected to climate change is imminent, the timing of measures is important — the earlier the
effect, the better it will be for the environment. The rail modal share across borders is still
significantly lower than the domestic one. The fragmentation of the railway system, both from
an operational and from a governance perspective, creates dependencies, diffusion of
accountability and systemic risks such as the difficulty in coordinating big investments.

In addition, the last few years have been marked by crises — first the COVID pandemic, then
the energy crisis triggered by the Russian aggression in the Ukraine. These crises have not left
the European transport sector unscathed, both mobility patterns and supply chains have been
impacted. The recent revival of passenger and freight transport can therefore be considered as
a success. Secondly, the renewed interest in night trains can also be mentioned, and, from the
point of view of the European Union Railway Agency, the convincing establishment of the
European rail vehicle authorisation process since 2019. With now more than 80,000 vehicles
authorised so far, the Agency covers most of these procedures in the European Union, swiftly
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and in a transparent process, thereby encouraging and facilitating harmonisation for cross-
border operation.

The difficulties affecting cross-border rail (this is where there would be the most significant
growth potential for rail) by adding cost and delays have serious consequences, as rail freight
is in heavy competition with road transport, while passenger rail competes with both road and
with short distance flights.

The Agency continues to work towards the reduction of technical and operations barriers
within the rail market through, among others, on the amendment of TSIs to be aligned with the
technical innovations, the harmonisation of national rules among the Member States, and
supporting the deployment of ERTMS as System Authority. The Agency will also continue to
foster developments in the field of digitalization, such as Linked data, databases and registers
optimisation as well as developments under the TAP TSI. The digitalisation of the transport
sector will offer better accessibility for customers, and the integration of the different transport
modes into a multimodal transport system will expand the offer, while optimizing
environmental sustainability.

2. RAIL AND THE ENVIRONMENT

In our transport system, rail is the mass transport mode with the lowest greenhouse gas
emissions and the lowest external costs, the highest degree of energy independence (especially
if the electricity comes from the EU’s renewable sources), the highest efficiency in land-take
and the most durable assets. These factors give rail several green competitive advantages over
other modes of transport and the potential to become the backbone of a green multimodal
transport system.

Even if rail is more environmentally friendly than the other modes of transport, the railway
sector still has an impact on the environment; railway noise is the most important effect, with
22 million Europeans exposed. Rail transport also emits greenhouse gases and other pollutants
but to a negligible level compared with other modes of transport, producing only 0.4 % of the
greenhouse gas emissions in the transport sector. Finally, land is used to build infrastructures,
with long-term effects on nature conservation and biodiversity.

Despite being the most sustainable mode of transport, railways have been unable to increase
their modal share in the transport mix in the past decade. Rail is the most sustainable, affordable
and effective transport mode to meet the goal of decarbonisation. However, trains need to run
alongside and in cooperation with other modes of transport to carry goods and people in the
most effective way. Such a multimodal approach requires the seamless integration of the
transport modes, facilitated by digital technologies.

3. TRANS-EUROPEAN NETWORK FOR TRANSPORT (TEN-T)

The EU’s trans-European transport network policy, the TEN-T policy, is key for transport
planning and operation. Developing a coherent, efficient, multimodal, and high-quality
transport infrastructure across the European Union needs appropriate instruments. The revised
Regulation on the Trans-European Network for Transport (TEN-T) Guidelines was adopted by
the European Parliament in the first half of 2024. This is a fundamental step towards achieving
a single European railway area.

The concept of a Trans-European Transport Network (TEN-T) is essential for the
coordination of major rail projects, physical and digital, across Europe. The overall
development of European rail corridors including cross-border, regional and high-speed
infrastructure, will help to shift more passengers and freight to sustainable modes like rail and
meet the European Green Deal targets. The new regulation is to be considered as a key action



of the European Green Deal and the European Commission Sustainable and Intelligent Mobility
Strategy, and aims to:

* Make European transport grow in a more sustainable, environmentally friendly way,
reducing greenhouse gas emissions and pollution and improving its efficiency,

» Develop more fluid and efficient transport, eliminating existing bottlenecks and improving
interoperability and multimodality,

 Increase the resilience of the TEN-T to climate change and other disruptive situations, and

* To improve the governance of the TEN-T.

In short, the idea is to build an effective and efficient multimodal network in Europe of
railroads, roads, inland waterways, short sea shipping routes interconnected with each other and
with urban nodes, seaports, inland ports, airports and intermodal terminals. Among the main
elements of the provisions are:

* The rail infrastructure must allow for both the core network and the extended core network
to allow passenger trains to run at speeds of 160 km/h or higher from 2040 onwards.

* The technical requirements established in the previous Regulation are maintained: the
railway network must allow the circulation of trains of 740 m in length and with an axle
weight of 22.5 tons and provides for a nominal track gauge for new railway lines of
1,435 mm.

* Railway tracks must be adapted to at least a P400 standard (reference P400 defines the
standard according to which the maximum height at which a semi-trailer can be transported
on a train is limited to four meters).

* The compulsory deployment of the European Rail Traffic Management System (ERTMS)
on the three networks, with clear deadlines, progressively replacing the signalling and safety
systems of each country.

» Better and faster connections for passengers and freight with urban areas, ports, airports, and
multimodal freight terminals.

* The migration to the European standard nominal track gauge with exemptions.

* Airports with more than 12 million passengers to be connected to the trans-European railway
network, including the high-speed railway network where possible;

* Operational parameters are introduced in infrastructure management. For example, the
average waiting time for a train at the border should not exceed 15 minutes and 90% of
international trains should arrive at their destination with a delay of less than 30 minutes.

* The number and handling capacity of the intermodal terminals must be adapted to the
expected growth in traffic flows, as well as to allow the circulation of 740 m long trains on
the network.

The trans-European transport network must also improve transport connections with the
EU's neighbouring countries. In this respect the European Transport Corridors (ETCs) integrate
Ukraine and Moldova and the six Western Balkan partners into the new regulation. In particular,
four transport corridors go into Ukraine (North Sea — Baltic, Rhine — Danube, Mediterranean
and Baltic Sea — Black Sea — Aegean Sea), while the Western Balkans — Eastern Mediterranean
corridor goes into the Balkans. The new TEN-T maps will significantly contribute to improving
connectivity between Ukraine and Moldova with the European Union.



3.1. Gradual development

For each type of infrastructure (rail, road, maritime, airports, inland waterways, intermodal
terminals and urban nodes), the regulation defines the infrastructure components. That is, the
elements included in the infrastructure, the requirements that these components must meet for
both the overall network and the core network, and the additional priorities for their
development.

The Regulation proposes a gradual development of the TEN-T in three stages: a core
network to be implemented by 2030; an extended core network to be completed by 2040; and
a comprehensive network to be completed by 2050. In fact, the core network and the extended
core network consist of parts of the trans-European transport network that must be developed
as a matter of priority in order to achieve the objectives set.

The revised TEN-T Guidelines introduce ambitious requirements and challenging provisions
that should come hand-in-hand with equally ambitious financing and funding mechanisms.
Massive investments are needed to complete the TEN-T network: €500 billion is needed by
2030 for the core network and €1,500 billion is needed by 2050 for the comprehensive network.

3.2. Military mobility

In response to Russia's aggression against Ukraine, the Commission has reinforced its support
for dual-use transport infrastructures for military mobility. The EU Action Plan on Military
Mobility 2.0 reflects the work developed in this regard.

To harmonize the rules for the trans-European transport network and the EU military
transport network, in late 2023 the Council adopted revised military requirements, the scope of
which covers logistics hubs, fuel supply chain infrastructure, lessons learned from the Russia-
Ukraine war and military criteria for the evaluation of proposals for dual-use infrastructure
projects.

4. ERTMS

The idea behind the European Rail Traffic Management System (ERTMS) is European
integration in the area of train protection and signalling, thereby achieving technical
compatibility, and a way into the future that is based on cooperation.

The deployment of ERTMS (consisting of ETCS and the radio system GSM-R) is crucial
for the modernisation of Europe's railway infrastructure and is being meticulously coordinated
at both national and European levels. The revised TEN-T regulation has established specific
milestones to guide the comprehensive deployment of ERTMS across Europe. By 2030, the
goal is to complete the TEN-T core network according to existing TEN-T standards, which
include the electrification of the entire rail network and the capability to operate 740-meter
trains. This initial phase focuses on upgrading infrastructure to meet these standards, ensuring
a solid foundation for further enhancements.

By 2040, the ERTMS deployment on the extended core network is expected to be completed,
adhering to new standards such as a minimum line speed of 160 km/h for passenger rail. This
milestone also emphasizes green transport initiatives and enhanced digitalisation, aiming to
deploy ERTMS on the entire TEN-T network while phasing out national systems. The addition
of the 2040 milestone is a strategic move to accelerate the network's completion, aligning with
the EU's climate ambitions for 2050.

The final milestone, set for 2050, targets the completion of the entire Trans-European
Transport Network, encompassing all sections within the comprehensive network. This long-
term goal envisions a fully integrated, efficient, and interoperable rail system across Europe,
with ERTMS as its backbone.



4.1. Progress and Challenges across Member States

Significant progress has been made in several Member States regarding ERTMS deployment,
although the pace and approach vary widely. Luxembourg stands out as a frontrunner, having
completed ERTMS deployment across its entire network. Belgium has also made notable
strides, equipping over 60% of its network and targeting full deployment by the end of 2025.
Italy is leveraging financing from the EU Recovery and Resilience Fund to advance its ERTMS
deployment, demonstrating a robust commitment to modernizing its rail infrastructure.

In contrast, larger transit countries such as France and Germany face more complex
challenges. However, Germany's flagship projects, such as the Stuttgart-Ulm corridor, provide
optimism for meeting the TEN-T network's milestones despite current budget constraints. The
varied progress highlights different motivations and obstacles across Member States. For
instance, Denmark's ERTMS rollout is driven by the obsolescence of its current system, while
Belgium focuses on enhancing safety. Italy, on the other hand, prioritizes increased capacity
and digitalization.

The deployment process is not without hurdles. Financial constraints and a shortage of
skilled labour pose significant challenges. Additionally, upgrading standard infrastructure like
interlockings requires considerable time and financial resources. Compatibility testing for new
systems further complicates the deployment, often causing delays. Despite these challenges,
the revised TEN-T regulation and the establishment of the "ERTMS Forum" have improved
coordination at the EU level. This forum integrates national implementation plans into a
cohesive European master plan, providing a realistic and transparent approach to ERTMS
deployment.

4.2. The 2023 Revision of the TSI CCS

ETCS has reached a level of maturity where its specifications are well-established and stable.
The Technical Specifications for Interoperability for Control, Command and Signalling (CCS
TSI) underwent a significant overhaul in 2023, incorporating new functionalities and preparing
for future technological integrations. The 2023 revision of the CCS TSI introduced several
critical updates, including functionalities for Automatic Train Operation (ATO) and
preparations for the Future Railway Mobile Communication System (FRMCS). These updates
are designed to enhance the system's capabilities and ensure its readiness for future
technological advancements. Importantly, all errors identified in the 2016 version have been
corrected, providing a robust and reliable foundation for ERTMS.

ERA continues to play a pivotal role as ERTMS System Authority in maintaining and
updating the ETCS specifications. Currently, ERA is addressing minor issues in the 2023
version of the CCS TSI and preparing for the next major review scheduled for 2027. The
stability of the specifications over recent years has ensured backward compatibility, facilitating
seamless integration of new functionalities into the existing system.

4.3. Outlook for ERTMS

One of the most significant upcoming advancements for ETCS is the integration of the Future
Railway Mobile Communication System (FRMCS). Essentially triggered by the obsolescence
of GSM-R. FRMCS represents the next generation of mobile communication for railways
(corresponding to 5G). ERA is currently reviewing the second batch of FRMCS specifications,
which will form the basis for extensive testing in 2025-2026. The results of these tests will feed
into the 2027 TSI revision, paving the way for the market readiness of the FRMCS radio
component.



Another exciting prospect for ETCS is the introduction of higher Grades of Automation
(GoA), specifically GoA 3 and 4. These levels of automation will enable fully automated train
operations, significantly improving operational efficiency and safety. The integration of ATO
functionalities into ETCS is a critical step towards realising this vision, providing the technical
foundation for advanced automation.

ATO GoA 3 involves unattended train operations, where trains operate autonomously but
with on-board attendants available to handle emergencies. GoA 4 represents fully autonomous
train operations, with no on-board staff required. The transition to these higher levels of
automation will require significant technological advancements and rigorous testing, but the
potential benefits in terms of efficiency, capacity, and safety are substantial.

The potential integration of satellite technology into train communication systems is another
promising development for ETCS. Satellite-based communication can significantly reduce the
costs associated with trackside equipment, which currently represents a substantial portion of
the infrastructure investment for train control systems. By leveraging satellite technology, rail
operators can achieve more reliable and cost-effective communication solutions, enhancing the
overall efficiency and resilience of the railway network.

Satellite technology can also improve coverage in remote and challenging terrains, where
traditional communication infrastructure may be difficult or expensive to deploy. This
capability is particularly relevant for expanding rail services to underserved areas, contributing
to a more inclusive and comprehensive transportation network.

Looking ahead, the future of ETCS is characterized by a blend of stability and innovation.
The system's maturity and well-established specifications provide a solid foundation for
ongoing enhancements, while new technologies such as ATO and satellite communication
promise to expand its capabilities. The coordinated efforts at the EU level, guided by the revised
TEN-T regulation and the ERTMS Forum, ensure a transparent and realistic approach to
ERTMS deployment and evolution.

5. RAIL CAPACITY MANAGEMENT

The railway network needs not only to be built, technically fitted, and maintained according to
the appropriate parameters — it also needs to be properly managed, in order to deliver the
required performance. Infrastructure Managers must manage the network to make the best
possible use it, satisfying to the extent possible all railway undertakings' requests, while finding
time for maintenance and development work on the infrastructure. Infrastructure capacity and
traffic management involves exchanges with the railway undertakings and ultimately results in
a timetable of rail services. In order to be efficient, in particular for long distance freight, rail
capacity and traffic management must operate across borders — it cannot be that, for example,
for rail freight across three countries, the first country would offer two freight train paths per
hour, the second country two, and the third only one In the context of the Greening Freight
package, the European Commission in July 2023 has published a proposal for a Railway
Infrastructure Capacity Regulation. The proposal is intended to optimise railway capacity,
improve cross-border coordination, increase punctuality and reliability, and ultimately attract
more freight to rail. This proposal has in turn been amended by the European Parliament, and
finally been discussed in the Council of the European Union.

In June 2024, the Council adopted a General Approach on the Commission proposal. The
Council partially reverts the Commission intentions, in a move towards making European rules
proposed by the Commission unbinding and open to national derogations. This will lead to a
situation where rail freight continues to operate on various national patchworks. It will mean
continued fragmentation and sub-optimal exploitation of the available European railway
infrastructure capacity and, crucially, an inadequate support to European supply chains. In the



coming months, the final text of the Capacity Management Regulation will be negotiated
between the European Institutions.

6. CONCLUSIONS

Rail is by far the most energy-efficient mode of transport, and very safe. However, the modal
share of rail in the European Union is low — a modal shift to rail needs targeted investment in a
coherent, integrated European network. The 2024 revision of the TEN-T Regulation provides
the legal basis for the evolution of the network. In summary, the objective is Europeanization
— from a patchwork of national systems to a European network — this will require
standardization and interoperability, in particular for the Control, Command and Signalling
system. ERA as System Authority for ERTMS and as Authorising Entity will continue to
support the transformation to the Single European Railway Area, supporting also the
multimodal integration along the transport chain, and digitalisation towards an intelligent
railway network. The fundamental objective remains to achieve a sustainable, efficient, and
interoperable rail network across Europe by 2050, with its performance managed by an efficient
cross-border capacity management framework.
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SUMMARY

This paper details the need for updating the regulations regarding the use of gritting agents for
winter road maintenance. It highlights the requirements for road safety and the environmental
impacts of such agents. Four main groups are involved: road users, society, the environment, and
road authorities. Each has different, often conflicting, objectives that need to be balanced.
Reduction of gritting material is key for the environment. The document emphasizes balancing
safety, environmental protection, and cost-effectiveness in winter road maintenance. It calls for
updated practices and regulations to minimize environmental impacts while ensuring road safety.

1. NEED FOR UPDATING

The requirements for road safety in winter road conditions necessitate the use of grit or de-icing
agents in winter road maintenance. Their material requirements are regulated in RVS 12.04.16
Gritting agents, which has been revised as a result of the further development of pre-wetted salt
or brine spreading.

The revision of RVS 12.04.16 (gritting agents) means that RVS 12.04.15 (environmental
impact of gritting agents) and the associated working paper no. 11 must also be updated and
merged into the new RVS 12.04.15.

2. PARTICIPANTS OF WINTER SERVICE

There are at least four groups of stakeholders whose objectives are sometimes diametrically
opposed. However, with the exception of road user the optimisation of winter road maintenance
can only be done by the road operator. The road operator can only optimise winter road
maintenance at the interface between the demands on themselves, the users, the environment
and society. A further complication is the very tight budget, which must be utilised in the best
way possible in order to meet all of these requirements. Fig. 1 shows the four groups and their
narrow interfaces.

First and foremost, road users want to get to their destination safely and quickly. Ideally, the
road should therefore always be dry and undamaged. A snow-covered road can only be driven
on safely at an appropriate (reduced) speed. This results in an undesirable loss of time, which
causes many road users to complain to the road operators. Furthermore, a high level of driving
comfort, which is partly lost due to the higher demands on driving skills.

For economic reasons, society as a whole attaches great importance to a safe transport
system. Accidents, traffic jams and similar traffic obstructions have a negative impact on the
overall system and should be minimised as far as possible through appropriate measures and
legislation. In addition, a balance between the individual groups is important to society, as any
injustices can lead to resentment.



Above all, the environment is interested in minimising, or preferably eliminating, the impact
of winter road maintenance. From this point of view, the best winter service is the one that is
not carried out at all. Neither plants and animals nor habitats should be damaged. In addition to
the direct effects of gritting materials, noise, pollutant emissions, etc. must also be taken into
account.

It is now up to the road operator to resolve these target conflicts and carry out the winter
service operationally. If winter road maintenance is done properly, the operator also expects
legal certainty with regard to claims for damages following accidents caused by excessive speed
on winter road surfaces, for example. However, the funds should be used economically; the
road operator is not compensated for any economic damage prevented. In the case of a traffic-
based toll, however, lower traffic volumes due to weather conditions result in direct financial
losses, which are to be avoided by the winter road maintenance service.

Objectives Road authorities:

= L egal certainty
= Economical use of funds
= Max. Benefits / revenue

Objectives Users:

= Safe use of the roads
= Minimal loss of time
= High driving comfort

Road user

Road
authority

Environment

/Objectives Society: \
= Safe transport

Objectives Environment:

system ; » No/hardly any
= Balance / Society impairment
User/Operator/ = Compatible gritting

Environment
= Maximum benefit
= Minimal costs

agents

Fig. 1. Participants of winter road maintenance

3. TYPES OF GRITTING OR DE-ICING MATERIAL
3.1. Abrasives

In contrast to de-icing agents, abrasives work on a mechanical level and therefore immediately
after application and regardless of the temperature. The mode of action is to provide the tyre
with additional rock tips, which can be used to transfer horizontal forces. On the side of the
carriageway, individual grains of grit jam in ice or snow and transfer the corresponding
horizontal forces. The advantage of grit spreading lies in its immediate effectiveness after
spreading and the increase in grip even on already packed snow surfaces, as the grit is pressed
into the snow or ice when vehicles drive over the snow surface. De-icing agents on the other
hand, need a certain amount of time (5 min to 60 min) to develop their full effect in the loose
snow, but immediately begin to have a thawing effect. However, if the snow cover is thicker
than the grit diameter, the grit has hardly any effect.



Due to the relatively rapid displacement of the grit from the rolling lane, de-icing grit is
primarily suitable for low-traffic municipal roads. In addition, grit can also be used on roads
where salting is prohibited, although the disadvantages mentioned must be accepted. In urban
areas, grit can also be used for the maintenance of pavements.

3.2. De-icers

De-icers covers all gritting materials that use a chemical process to lower the freezing point of
water aggregates below the road surface temperature and thus prevent slippery roads. In
general, these are salts, applied to the road surface forming a solution with rain, snow, frost or
dew. The aim of salt spreading is to prevent the formation of ice by lowering the freezing point
of the solution or brine below that of the road surface temperature.

The de-icing agents used in winter road maintenance lower the freezing point further and
further as the concentration increases until the so-called eutectic point is reached. This point
refers to the concentration with the associated freezing point from which further increases in
concentration do not lead to a further reduction in freezing point. The amount of snow or ice
that a de-icing agent de-icing agent can be converted into liquid is therefore limited and strongly
dependent on the ambient temperature.

De-icing agents are the means of choice on motorways, motorways, national roads and in
larger cities in Europe. Due to the rapid development of pre-wetted salt technology and the
associated low salt consumption, there is a general trend towards de-icing agents.

While many chemicals are able to work as de-icers in the laboratory for winter service
sodium chloride is the main de-icer. It is effective, save to use, cheap and compared to many
others better to the environment.

4. APPLICATION METHODS

The simplest, but also the most inefficient way to spread grit is by hand, which is practically
only used by individuals to spread smaller areas like driveways or pavements. For use in winter
road maintenance, mechanical spreading using a spreading disc has become established, which
ensures that the spreading material is spread evenly. The spreading material is conveyed from
the hopper into a downpipe via augers or belts and falls onto the rotating spreading disc and is
thrown onto the road surface. While the spreading disc on older or simpler devices is fixed and
runs at a rigidly coupled speed, the inclination of the spreader and the speed are controlled
electronically on modern spreaders. This allows the driver to set spreading widths and
quantities, which can be kept largely constant at different travelling speeds. New developments
in winter service tend to apply liquid de-icing agents. Spreading dishes can be used after
adaption. Also spraying bars with fine nozzles are in use.

4.1. Dry salt spreading

With dry salt spreading, as with grit spreading, only the dry, free-flowing spreading material
(in this case salt) is spread via the spreading disc. This original method of spreading salt is now
only common in smaller municipalities due to the high losses caused by drifting during
spreading. The spreaders in these municipalities are often still designed for gritting and can
therefore be used for dry salt spreading without any effort. The use of pre-wetted salt spreading
is also not practical for small devices due to the restrictions imposed by the payload.



4.2. Pre-wetted salt spreading

The high losses caused by salt drifting directly during dry salt spreading were reduced by the
introduction of pre-wetted salt spreading from the 1970s onwards. With pre-wetted salt
spreading, dry, free-flowing salt is mixed with a salt solution on the spreading disc of the
spreading vehicle and spread together. This enables better spreading and a more even spreading
pattern with lower initial losses. The moisture in the brine causes the individual grains of salt
to stick together and form larger clumps, which are less likely to be blown away by the wind
and also adhere better to the road surface than dry grains of salt. In practice, this means that
more salt is available for thawing snow or ice compared to dry salt spreading or that the same
thawing effectiveness is achieved with lower salt consumption.

The salt solution used to moisten the dry salt usually has a concentration of between 18%
and 23%. Sodium chloride, calcium chloride or magnesium chloride can be used to produce the
solution. The salt solution is carried in a tank attached to the spreader, usually in a salt
concentration of around 20%, originally to minimise the risk of freezing at very low
temperatures. The salt solution is either supplied as a ready-mix in tankers or large canisters or
produced at the bases themselves.

The brine and dry salt are only combined on the spreading disc immediately before spreading
in order to avoid the formation of lumps in the device, which are difficult to remove. Depending
on the manufacturer, this takes place either in the downpipe or directly at the spreading disc.
The reason for this is the difficult storage of moist salt, which does not remain free-flowing and
can therefore no longer be spread. The spreading disc must be visually checked for damage or
salt residue before each spreading run in order to ensure a uniform spreading pattern. The
longitudinal and lateral distribution on the carriageway is subsequently carried out by the traffic.

The mixing ratio between salt solution and dry salt is possible from 0% salt solution (dry

spreading) to 100% salt solution (pure brine spreading), whereby a mixing ratio of 70% dry salt
and 30% salt solution (FS 30) has proven itself in practice. Scientific studies, for example by
(Badelt, 2007), also point to the good ratio between the amount of salt applied and low
scattering losses in FS.
Studies from the 2013/2014 season in Lower Austria (Neuhold and Steininger, 2014) show that
very good results can also be achieved with a degree of moistening of 50% to 70%, provided
that the spreaders have been correctly calibrated. In these studies, the amount of residual salt
was analysed at different degrees of moistening and the effect was evaluated by the drivers.

4.3. Brine spreading

Despite a significant reduction in initial losses due to the change from dry salt spreading to wet
salt spreading, these are still very high at up to 60%. The obvious solution of further increasing
the proportion of liquid in pre-wetted salt spreading is limited due to the unfavourable
application of liquid via the spreading disc. Since around 2008 the use of brine sprayers, which
spread brine via nozzles, has been under increasing consideration in Germany. The salt
container on the vehicle is replaced by a large tank and the spreading disc by nozzles or spray
bars. Due to the direct spraying of the brine onto the road surface, discharge losses can be kept
to a minimum.

The biggest disadvantage of brine spreading in practice to date has been the low quantity
of de-icing substance for the same load weight. On the one hand, this leads to small quantities
of de-icing salt being applied for the same range or a shorter range when applying the same
quantity of de-icing substance.



4.4. Spreading losses and further discharge by traffic

After the high initial losses immediately during and after the spreading process, a slower decrease
of the salt takes place with asymptotic progression in the case of dry or wet roads. In this case,
the salt is mainly transported from the rolling lanes to the edges of the road, as can also be seen
with grit spreading. This type of salt loss is largely independent of time and is best related to the
number of vehicles that have travelled since the road was treated. Fig. 2 shows three areas that
mark typical zones for residual salt loss.

Blue: This area represents the very heavy losses shortly after spreading. The initial losses are
included. In general, it can be seen that the residual salt content on the road very quickly drops
below 10 g/m?, especially with high spreading rates. High spreading rates should therefore
generally be scrutinised.

Green: The majority of the measured values are in the green range, which represents the traffic
losses. Salt also remains in the depressions of the road surface texture.

Red: In the red area, it is noticeable that despite a general decrease in the amount of residual
salt, only a few measurements provide results below 2 g/m?. This happens if there is so much
water on the road the salt runs of with it. On dry or moist roads small amounts of salt remain on
the road even after prolonged traffic influx. This can be particularly important in icy conditions.

Differences in the decrease in residual salt can be seen very clearly in one key parameter. As
NaCl is a stable compound under atmospheric conditions, the quantity can only be reduced by
mechanical displacement or dissolution in (precipitation) water.

Heavy losses without residual salt only occurred in the measurements carried out on wet road
surfaces. When the road surface was dry or wet, a certain amount of the applied salt of approx.
0.5 g/m? to 3 /m? always remained on the road surface. In dry weather, a small amount of residual
salt remains in the texture of the road surface for a longer period of time, which is available as a
de-icing agent to form a separating layer when it rains. Only through precipitation the salt is
completely removed from the road surface.
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Fig. 2. Salt losses after treatment



With a deeper road surface texture and dry weather conditions, a small amount of residual
salt can therefore still be expected on the road surface after one to two days. To summarise, the
measurements show the lowest decreases in the amount of residual salt on a damp road surface
(adhesive effect), the highest decreases on a wet road surface (splashing and washing off) and
medium decreases on a dry road surface (swirling effect).

Further significant correlations could not be clearly recognised based on the available
measurements.

5. ALTERNATIVES TO SODIUM CHLORIDE

Local authorities are constantly testing possible alternatives for sensitive areas. This is often
encouraged by manufacturers of de-icing substances. They bring substances that are by-
products or waste products from industry and have a de-icing effect onto the market as targeted
alternatives to sodium chloride. It is also common for mixtures to be offered, whereby in most
cases the de-icing substance is calcium chloride. In most cases, however, this is only
recognisable after more detailed research, if at all. The exact composition of these de-icing
agents is often not disclosed by the manufacturers.

A survey of the members of the winter road maintenance working group of the World Road
Association PIARC shows a similar picture. Although alternative de-icing agents are
occasionally used around the world, this is always as a test or in a very limited area. Sodium
chloride is also the agent of choice worldwide for icy and snowy roads.

6. ENVIRONMENTAL IMPACT
6.1. Air quality

The use of grit in winter service creates dust, primarily due to the following causes:

e Dust as a result of friction between the individual grains when grit is prepared,
manipulated and spread using spreaders.

e As soon as grit is mechanically stressed on the road by vehicle tyres, the material is
additionally refined, which leads to further dust formation.

e Added to this — albeit to a lesser extent — is the increased abrasion of the road surface
caused by grit and also the increased tyre abrasion.

The resistance of a rock to refinement and therefore also to the formation of fine dust depends
on a number of parameters. For example, the mineral composition and microstructure properties
of one and the same type of rock can have different effects on the strength and thus the
formation of fine dust that occurs during mechanical stress.

In addition to this, when using deadening gritting agents, after around 400 vehicle passages,
the grit is practically transported from the wheel tracks to the edge of the road and to the centre.
This is one of the reasons why the use of grit is not recommended at higher traffic volumes -
taking into account the condition of the road surface and the drainage of the road.

When using pre-wetted salt, dust is bound to the road surface and carried away with the
melting water. As a result, the fine dust pollution is significantly lower than when using grit.

De-icing grit should only be applied in the form of pre-wetted salt or brine. As a result, the
development of dust through preparation and manipulation as well as the spreading of the
gritting material is completely eliminated.

After a road surface sprinkled with pre-wetted salt has dried, salt dust can be whirled up on
the road surface, especially at low temperatures and low humidity, depending on the amount of
residual salt.



One of the main effects of pre-wetted salt and pure brine spreading is that the fine dust
particles caused by exhaust fumes, abrasion from tyres, brake and clutch linings, road abrasion,
domestic, commercial and industrial fumes and deposits caused by wind erosion are carried
away with the melt water via the drainage systems.

Dust generation can vary greatly when sweeping traffic areas. According to the state of the
art, sweeping operations must always be carried out as "wet sweeping", as an uncontrollable
amount of dust is released when "dry sweeping" is carried out. The most effective way to
minimise the development of dust when cleaning roads is by washing. This must also be taken
into account when maintaining secondary surfaces, pavements or footpaths and cycle paths.
The sweepings must be recycled or disposed of in accordance with RVS 12.01.11 "Economical
handling of road maintenance materials".

6.2. Soil

Soils around roads are among those locations that are most strongly influenced by thawing or
gritting agents. Immediately next to the road, these are usually artificially compacted fill soils.
The function of these soils as a habitat for organisms and as a root zone is additionally impaired
by dryness and high soil temperatures, especially during the vegetation period. Overall, soils
along roads are characterised by a high and small-scale variability of soil characteristics such
as pore volume, grain size and density, which must be taken into account when assessing
environmental influences.

Due to the lower anion absorption capacity of the soil, the chloride carried in by precipitation
water is quickly transferred to deeper soil layers. Sodium, on the other hand, has a higher
tendency to accumulate in soils. The leaching of de-icing salts into deeper soil layers is
accompanied by increasing siltation and compaction. This makes it more difficult for plants to
absorb water in the root zone, which in turn causes drought stress and leads to their death.

6.3. Vegetation

Plants can absorb salts in different ways:

e Uptake via the leaf surface (see leaf fertilisation),
e Uptake of soil water via roots.

Salt exposure can have the following direct effects on plants:

Contact damage (e.g. corrosive effect through application to the leaf surface),

Osmotic damage,

Drought damage due to dead root tissue,

Accumulation in the organism (necrosis when the species-specific damage thresholds are
exceeded, leaf loss),

e Nutrient imbalances (e.g. disturbance of the potassium balance leads to problems with
nitrogen uptake).

Contact damage generally only occurs within a few metres of the roadside. The much greater
damaging effect of salts is caused to plants via the water absorbed by their roots.

The uptake of chloride via soil water is highly dependent on the local conditions. Relevant
inputs of chloride can occur in the area of concentrated discharges or seepage. Unfavourable
site conditions can lead to threshold values being exceeded. The absorbed chloride dose
depends on the chloride concentration in the soil water and, above all, on the residence time of
saline water in the root zone.



As it is primarily the soil moisture and not the groundwater that is relevant for vegetation,
drinking water-related guideline values cannot necessarily be used as assessment values for the
protection of plants. There is therefore no generally applicable limit value for chloride levels in
groundwater that are tolerable in terms of vegetation protection. The actual influence of chloride
on vegetation depends on the respective plant species (chloride tolerance), their site conditions
and the distance from the ground.

According to the BMVIT guideline "Infiltration of chloride-contaminated water" (BMVIT,

2019), the chloride tolerance of crops must be taken into account when determining a guideline
value for the permissible influence of chloride on industrial water extraction. Accordingly,
compliance with an indicator value of 200 mg/I chloride is sufficient for the protection of less
salt-sensitive agricultural crops. In the case of salt-sensitive special crops such as viticulture
and fruit growing, damage to crops can occur at unfavourable locations at a chloride
concentration of less than 100 mg/1, according to this guideline.
According to OWAV regulation sheet 407 (OWAV, 2016), irrigation water with a chloride
content of less than 70 mg/1 is suitable for almost all plants. At chloride levels between 70 and
140 mg/l, the water is only suitable for chloride-tolerant plants, but chloride-sensitive plants
already show slight to moderate damage.

6.4. Water

In general, all bodies of water, including groundwater, must be kept clean and protected in the
public interest so that, among other things, deterioration is avoided and the condition of
ecosystems with regard to their water balance is protected and improved. In particular,
groundwater and spring water must be kept so pure that it can be used as drinking water.

Surface waters must be kept clean so that surface waters can be used for public and
commercial purposes and fish waters can be preserved. From an ecological point of view, the
use of alternative de-icing agents such as urea, phosphate compounds, ammonium salts etc. is
not an alternative to road salt in terms of water quality. Urea and ammonium salts also contain
nitrogen, which pollutes the soil and ground and spring water.

As they are dissolved in the meltwater, de-icing agents can enter a receiving watercourse
directly through the road drainage facilities. Chloride in the water can cause stress to algae and
higher aquatic plants. This is due to the imbalance between intracellular and extracellular
concentrations of inorganic ions (BMLFUW, 2014).

The anthropogenic chloride concentration in surface water is not exclusively due to salt
scattering but can also originate from other chloride-containing media (e.g. fertilisers).

Freshwater organisms have developed different ways of adapting to changes in their
environment. However, not all species can tolerate high salinity levels. In addition, sudden,
massive changes in the environmental concentration are particularly problematic. After
analysing field findings and toxicity tests, the four biological quality elements (algae,
macrophytes, invertebrates and fish) and amphibians can be ranked according to their
sensitivity to chloride as follows:

Algae > Macrophytes > Amphibians > Invertebrates > Fish

Water hardness has a significant influence on chloride toxicity. Due to the buffering effect
of lime, higher chloride concentrations are tolerated. The influence of water temperature is less
clear. The toxicity of chloride tends to increase with water temperature for most species.

In order to assess the effects of chloride on surface water accordingly, the following
regulations should be consulted:



- Quality Objectives Ordinance for Surface Water Ecology:
A parameter value of 150 mg/l chloride — regardless of the bioregion and the basic
saprobic status — is specified for compliance with the very good and good ecological
status of a body of water.

- Wastewater Emission Ordinance:
The permissible concentration when discharging into a receiving water body is to be
determined in each case depending on the characteristics and properties of the water
body with regard to toxicity for algae, daphnia and fish.

The extent of chloride contamination in groundwater depends primarily on the nature of the
surface layers, the distance from the surface, the respective aquifer and the direction of
groundwater flow. As an inorganic substance, chloride is not subject to degradation. The
anthropogenic chloride concentration in groundwater is not exclusively due to salt dispersion,
but also to other chloride-containing media (e.g. fertilisers). Depending on the geological
conditions, geogenic chloride contamination of groundwater can occur.

Water contaminated with chloride due to thawing fertilisers penetrates the groundwater
through seepage and has a negative effect on taste, for example. Chloride in water also increases
the corrosion of metal pipes and concrete.

In order to assess the effects of chloride in groundwater, the following regulations should be
consulted:

- Drinking Water Ordinance “Trinkwasserverordnung” (TWVO, 2001):
The indicator value for chloride in drinking water, above which the causes or any
necessary measures must be analysed, is 200 mg/l. Care must be taken to ensure that
the water does not have a corrosive effect.

- Quality Target Ordinance QZV Chemistry Groundwater (QZVO, 2010):
The threshold value for chloride in groundwater, which must not be exceeded for
reasons of health and environmental protection, is 180 mg/I.

7. PRINCIPLES

Minimising the environmental impact of gritting agents is essentially based on

e Choice of gritting agent used,
e Application method used,
e Planning and implementation of winter road maintenance.

As an alternative to grit and road salt, other blunting and thawing gritting agents are also
available. Some of these can be used selectively or regionally. However, their large-scale use
is limited. Their environmental impact must also be assessed individually and separately.

Due to aspects of availability, cost-effectiveness and the unclear long-term effects of large-
scale use, there are currently no alternatives to the use of sodium chloride and grit.

8. RECOMMENDATIONS

The ecological and economic aim of winter road maintenance is to use as little gritting material
as possible!
Only as much grit as absolutely necessary? This requires a number of basic principles!

e Awareness of the problem, training and expertise for all employees involved in winter
road maintenance.

e Careful planning and management of operations requires experience and quality in
management.



e Suitable equipment for the sites and emergency vehicles (IT, storage capacity, brine
mixing systems, gritting equipment)!

Other recommendations include the following:

e As much snow as possible must be removed from the road by applying gritting material
or road salt.

e The natural load of the source rock of the grit must be low due to its mineral or pollutant
content.

e Recommended as a blunting gritting agent: Basalt or basalt-comparable hard rock and

dolomite recommended. The use of slag, ash, quartz chippings, quartz sand and recycled

concrete chippings is not permitted.

The use of pre-wetted salt is always preferable to the use of dry salt.

Preventive pre-wetted salt spreading with 5-10 g/m?.

Mixtures of blunting and thawing grit only in special cases.

Application reports on quantities used.

Transport routes for gritting materials must be kept as short as possible.

No dry sweeping!

Winter service vehicles that comply with the current emission limits (low-emission

vehicles are to be favoured).

e When awarding contracts for winter services, the emission class of the winter service
vehicles used must be taken into account.

e Ifpossible, do not discharge snow directly into bodies of water.

e [f the regular, punctual introduction of large quantities of clearing snow into a
watercourse proves to be absolutely necessary, the actual condition of the watercourse
must first be assessed and the expected effects on the ecology, morphology and hydrology
of the watercourse must be analysed.

9. CONCLUSIONS

The large-scale use of alternatives to sodium chloride and grit is currently limited due to
availability, cost effectiveness and unclear long-term effects.

There are no generally environmentally friendly alternatives to sodium chloride and grit.
Each alternative must be assessed individually and separately.

Several recommendations are given in the Document from the awareness, training and
expertise for all staff involved in winter maintenance to careful planning and management of
operations requires experience and quality management and appropriate equipment for sites
and emergency vehicles is necessary.

During operational winter service the use of wet salt is preferable to dry salt spreading use
of brine is even better. Preventive spreading of moist salt at 5-10 g/m?.

These recommendations are aimed at minimising the use of gritting material in winter road
maintenance and reducing its environmental impact
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ROAD MAINTENANCE IN THE 21" CENTURY

Domonkos Koch
MKIF Zrt.
2040 Budaors, Akron u. 2.

SUMMARY

In its 1987 report, the United Nations first defined the concept of sustainable development.
Since then, it has become evident that the transition to sustainability will not only involve
challenges but also require sacrifices. The sector of road maintenance must enhance its
resilience to challenges emerging from climate change. To find the best responses to these
challenges road maintenance companies, such as MKIF Zrt., first of all have to transform the
prevailing cultural values of their own. New way of thinking arises in incorporating of new
materials and structures, renovation strategies, management of recovered materials, ecological
impact of roads and safety concerns. With the technological advancement it becomes possible
to build and maintain more durable roads, to approach to circular economy, to work and travel
more safe and to reduce the environmental impact of roads.

1. BACKGROUND

In the ,,Burndtland-report” the United Nations defines the concept of sustainable development
as ,,meeting the needs of the present without compromising the ability of future generations to
meet their own needs” (World Commission of Environment and Development, 1987). At least
in the late 90s it become clear that this goal cannot be achieved. The human consumption
exceeds the limitations of sustainability (Wackernagel, 2002). The only remaining questions are
how smooth will be the transition to a sustainable future, what challenges do we face and what
sacrifices must be done during this period. As the cultural values are changing with the
acceptance of the inevitable end of growth the goal of the global sustainability has to be
transformed to the goal of local resilience. (Meadows, Randers, Meadows, 2022).

MKIF Zrt. is one of the biggest road maintenance company in Hungary with more than 1200
employees operating a 1242 km long motorway network which makes it one of the largest
concession companies in Europe. The strategic objective of MKIF is to ensure the safe operation
and development of a road network that promotes economic development and social mobility
in Hungary. To achieve this goal MKIF has to enhance its resilience in the natural, social and
economic environment.

2. CHALLENGES IN ROAD MAINTENANCE

Road maintenance is much more about operating and maintain the existing road network rather
than building new ones, but the specific tasks of MKIF require a complex approach for both
maintenance and network expansion works. All of the listed challenges are connected and have
impact on each other and one must know that other authors may suggest other groups or would
identify more challenges.



2.1. Natural challenges
2.1.1. Climate change

Climate change is a common topic nowadays. It means that the known patterns of climate are
changing. From the view of road maintenance temperature and precipitation patterns are the
most important. Global data are gathered since more than a century. The trends in Hungary
are parallel with the global ones:

e annual average temperature is increasing (Fig. 1),
e number of days of heat (T > 25 °C) is increasing (Fig. 2),
e number of days of frost (T <0 °C) is decreasing (Fig. 3).
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Fig. 1. Annual average temperature changes between 1901-2020. (www.met.hu)
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The increasing temperature raises problems for the pavements. The higher the temperature
the lower the stiffness, the deterioration of the pavement is accelerated. Rut depth will
increase faster than before but also pavement lifetime is reducing since the strains are larger
due lower stiffness. This phenomenon may indicate more renovation work leading more
emission, congestion and accidents.

The decreasing number of frosty days does not mean winter maintenance duty will
disappear in time, only that the existing infrastructure (salt storage halls, equipment etc.) are
oversized but it means also that there is a safety reserve.

The precipitation patterns are also changing:

e annual average precipitation total is constant (Fig. 4),

e number of rainy days is decreasing (Fig. 5),

e number of days with heavy rain (R > 20 mm) is increasing (Fig. 6).
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The non-changing amount of precipitation is positive, but the distribution is worrying. The
decreasing number of rainy days means the same amount falls down on fewer occasion,
meaning the intensity of the rain will grow. The intense rain threatens the stability of slopes. In
very heavy rain the cross-slope gradient of the pavement is not large enough for the water to
run off, meaning water films can develop which is extra danger to drivers. The cross section of
the drainage channels may not be large enough to drain the water away. Flash floods may occur
while the higher water level can increase the moisture in embankment which causes bearing
capacity problems. The fluctuating distribution of precipitation also leads to challenges in
vegetation maintenance.

2.1.2. Depleting resources

Natural resources are finite amounts. In road infrastructure stone, bitumen and embankment
materials are the most essential. The spatial distribution of stone and gravel mines is uneven in
Hungary, while in recent years the whole road infrastructure segment faced struggles with
bitumen (oil) and steel supply. During renovation a lot of demolished material is generated. On
one hand a road maintenance company struggles to supply the need of new materials, on the
other hand as a responsible asset manager needs to account for demolished materials.



2.1.3. Decline of biodiversity

Beside climate change decline of biodiversity is also a common topic when talking about
sustainability. At first look it can be surprising that this phenomenon has an impact on road
maintenance. Although the endangerment of large-bodied animals e.g. tigers or pandas receives
greater attention, the extinction of plants is the main concern for road operators. In 1998
34 thousand species out of 270 thousand was in danger. (Holden, 1998). The appearance of
invasive species is a threat not only for agriculture but also for roads. The maintenance of
vegetation becomes more difficult, fast growing invasive species in the central separation lane
or on the slopes require more intervention from the operators causing increasing costs and safety
concerns. Winter maintenance is hardened with increasing number of locations with high
danger of snow drifting because of deforestation, while when it is combined with the depressed
ground-water level dust drifting can be a decisive factor during normal maintenance.

2.2.  Social challenges
2.2.1. Safety first

Despite the fact that statistics of traffic accidents improves (Eurostat, 2022), for road operators,
road workers and road users safety become more and more important. Traffic is growing, the
traffic speed is increasing and the change of our natural environment also increase safety
concerns. Every minute an operator spends on road during work is a danger for every parties.
A road user ignores 9 traffic signs before a temporary traffic diversion when it causes accident.
(Benedek, 2024). The goal of road operators is to reduce the working time on the road and
reduce the number, length and duration of traffic diversions.

2.2.2. Needs of 21th century

The expectation of road users are changed. With the increasing driving experiences the need for
reducing travel time is stronger than ever while the distance range of one tank makes possible
to reduce the number of stops. If a driver stops, it wants to handle everything: refuel, use of
toilet, eat and drink, relax etc. A road operator should serve all the requirements in one place.
The drivers are more self-conscious, they want to decide the route depending on the latest traffic
news. On the other hand, operators want to collect more and more data from traffic, and both
parties need the information in real time.

2.3. Economic challenges
2.3.1. Funding new projects

Road maintenance can be affective only if financing is constant, predictable and sufficient. But
in the specific place of MKIF, funding new projects has also new challenges that have never
been faced before. Lenders finance projects only if they comply with the objectives of Green
Deal of European Union. With the so-called ESG Act entering into force on 1 January 2024,
the voluntary corporate sustainability reporting and supply chain due diligence indicating the
corporate commitment to sustainability will become mandatory in several steps and will
gradually — in the timeframe set by the Act — be extended to large enterprises and all other large,
small and medium-sized companies of public interest in Hungary. The sustainability report must
include data and information related to sustainability issues concerning the contractor's
activities, including the connections of the contractor's business model and strategy to



sustainability issues, climate objectives, the tasks and responsibilities related to sustainability
matters, sustainability risks, opportunities and adverse impacts, as well as the tools aimed at
managing these aspects and their effectiveness.

3. ANSWERS

A road operator must follow the latest innovations to find the best answers to the challenges
listed above. The task of operator is to intervene in the road’s service in the right time and right
way to expand the service life.

3.1. Technical solutions for changing climate
3.1.1. Sustainable roads

For the increasing temperature the adequate solution is to build high temperature-resistant
pavements rather than implement more renovations. Binders with higher penetration and higher
softening point such as Pmb 45/80-80 can produce the best performances at high temperatures,
but the inbuilt performance measurements are still in progress. (Sronka, 2024). Other promising
binder type is rubber bitumen which can perform at least similar to polymer bitumens (Géspar,
Toth, Primusz, Almassy, Hunyadi, Szentpéteri, 2019) (Almassy, Geiger, 2020). To achieve the
longer service life, new concepts of pavement structure design are spreading. Positive results
of trial section of Perpetual Pavements on M85 (Koch, 2021) and M6 (Sronka, 2024) lead the
stakeholders to design the pavement of the biggest upcoming motorway development (M1 lane
expansion) as a perpetual pavement with a service life of 30 years.

In the history of engineering there was concept “water is the enemy of an engineer”.
Therefore the goal of design was to drain the water as fast and as far as possible from the road.
Because of safety reasons the water must run off from the pavement. We can prevent the slope
erosion with dense and strong vegetation which require water to grow. This leads the road
operators to water retention rather than drainage. The strong vegetation not only on slopes but
in the environment of roads slows down the water run off which is the only sustainable way
prevent flashfloods.

3.1.2. Circular economy

The road operator has to manage all the demolished materials which can be plenty if renovation
works are implemented. In the past waste-management approach was prevailing but the
reclaimed materials management approach can lead to circular economy. The concept is easy,
the further life of reclaimed material can be one of the following:

e ifroad operator can reuse it, than reuse it,
e ifroad operator cannot reuse, but somebody else can, sell it,
e ifnobody can reuse it, it is waste.

The best example is the reclaimed asphalt. Hungary is lagging behind on this area (EAPA,
2021), using only 3% of RA in all asphalt production, but will catch up to Europe in the
next years.

A road operator has to analyze the usage of RA. There is no doubt that asphalts with RA
content can perform the initial performance requirements but there is no evidence found yet
to prove they will still performing the same after 15-20 years. Other environmental concern
with RA is the higher energy consumption when production, but the overall carbon footprint
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can be reduced up to 50% during lifetime with optimizing the material transports and
renovation works (Buttita, Giancontieri, parry, Lo Presti, 2023). But make no mistake the
most environmental-friendly renovation is what doesn’t need to be carried out.

Every demolished material must be accounted as reusable, selling or waste material, road
operators must account also for traffic signs, embankment materials, drainage elements,
fences etc.

While carrying out M1 lane expansion works MKIF show as an example of circular
economy. Circular economy plan was carried out before with 98% of reuse rate of reusable
materials (mostly humus, pavement materials and traffic signs).

3.1.3. Ecological solutions for roads

MKIF commissioned a study on the vegetation in central separation lane. The study claims that

the vegetation in central separation lane has a very low ecological value due to two things. It

cannot be function as a habitat for animals because it is too narrow for bigger ones, while the

insects are often blow away by traffic wind. The other reason is the plant diversity is very low

and often invasive species are planted. Analyzing the costs of separation lane vegetation the

study states that cost of planting and maintaining it for 1 year is equal to plant forest on 110 ha.
Forests beside roads have a lot of advantages:

They serve as protection against snow and dust drifting.

They break the visual monotony of roads.

They reduce the impact of air movements on the plant culture.

They reduce the evaporation processes in the soils, thus protecting the soil from drying

out. Moreover, they help to balance the soil’s moisture content.

e They protect the top layer of soil, rich in humus, from water erosion caused by sudden
downpours of rain.

e They provide habitats for living, feeding, hiding, moving, and breeding for wildlife,
thereby maintaining and increasing biological diversity at the local level. Therefore, it
is beneficial if these plant strips are continuous or connect at multiple points.

e They are advantageous compared to monocultures, representing aesthetic value in the
landscape due to their diversity and year-round presence.

e They can also increase the usability value of resting places.

With the approval of the Grantor MKIF is ready to relocate and expand the green lane from
the center to the sides of the road.

3.2. Answers to social challenges
3.2.1. Safety

Despite the improving statistics, achieving the Vision Zero is still far away. The geometry of
road and the traffic signs must be clear to the drivers to select the proper speed and avoid
accidents. But if an accident does occur, the road and the equipment must be forgiving. Truck
Mounted Attenuators (TMA) are placed often on MKIF network before the workplace. This
equipment absorbs the energy of the collision protecting the driver and the road workers in the
same time. It is also a good example of circular economy because it is almost 100% reusable
after crash.



The best way to avoid accidents is when they are prevented. Prevention can be achieved with
reducing the time road operators spending on site. MKIF started pilot project aiming to replace
the daily road inspection duty with drones. The road inspector has only drive on site only if a
task emerges. After the first trial in 2023 the biggest challenge of this technology was the range
(Szigeti, 2023), but a second generation drone-base station system it is expected to be solved.

3.2.2. New answers for 21th century

Real time communication that is beneficial for both road operators and road users can be carried
out with variable message signs and camera system. During M1 and M7 expansion works MKIF
will implement one VMS portal in every 500 m, probably cameras need to be install in every
kilometer.

Service level of rest areas must be improved also. Even in simple rest areas, the opportunity
of buying snacks, drinks and coffee should be available even with only an automat and even if
the current Technical Specification states the opposite. Toilets for families can be carried out,
what a dad with daughter or a mom with son can use comfortably. Fenced dog park would be
also warmly welcomed. MKIF is carrying out a homogenous outlook plan for rest areas, where
some of the ideas above have been taken into consideration.

3.3. Financing

ESG certification must be aimed for both road operator companies and projects. The ESG
certification process is underway for MKIF as a company, and the M1 lane expansion project
is certificated, which can be a following example for all road operators in Hungary.

4. CONCLUSIONS

The road is a built environment in the nature they exist together. Synergies can be reached if
we look at our existing environment as a partner and the limitations are taken into consideration.
MKIF is pointing a way for every member of road infrastructure. It looks after the most effective
technologies to operate its network the most sufficient way but as the identified challenges have
various affects, all of them needs to be treated as a complex problem and require complex
solutions. It was shown in this paper that these new challenges can be answered with open mind,
rethinking of prevailing principles and technological innovation
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REMUNERATIVE INNOVATIONS ON THE FIELD OF STRUCTURAL
ENGINEERING

Gyorgy L. Baldzs, Marwah M. Thajeel, Wisam K. Tuama, Sandor Solyom
Budapest University of Technology and Economics
H-1111 Budapest, Miiegyetem 3.

SUMMARY

The performance of infrastructure including roads, bridges and railways mainly depend on the
selected materials, the way of application of those materials, the structural form that was
selected and the maintenance strategy for use.

Development of new materials and technologies contribute considerably to the success of
applications.

The intention was herein to summarize the most recent developments that can be used for
bridges like 3D concrete printing, non-metallic reinforcement — FRP as well as fibres embedded
into cement matrix — and a new type of reinforcing element. The paper also provides test results
and discussions given in these areas.

1. INTRODUCTION

Present paper intends to review major developments concerning concrete bridges. These
include development of:

e 3D Concrete Printing (Section 2),

e non-metallic reinforcements for internal reinforcement or external reinforcement for
strengthening (Section 3),

e CFCM - as a new non-metallic reinforcement that is cement based including fibres
(Section 4),

e PERFYCON - is a new material including three dimensional steel fibres (Section 5).

2. 3D CONCRETE PRINTING

3D Concrete Printing is an additive technology that indicated a lot of results also in the
field of bridges.

Based on the support by the Hungarian Research Grant VKE 2018-1-3-1 0003
“Development of advanced concrete elements”. The Laboratory of Construction Materials
and Technologies at the Budapest University of Technology have the chance to make research
with this technology since 2022.

2.1. Our experience

Fig. 1 indicates our robot and concrete mixer which are part of our 3D concrete printing
system. Fig. 2 indicates first bridge in Hungary produced in 3D concrete printing. This has been
the possibility for us to learn the main characteristics of the 3D printing technology. Fig. 3
indicates an example of a concept that has been developed in our laboratory. The idea is to provide
segments of a bridge girder that can be reinforced and completed a later phase when requested.

1



a) Robotic arm 7 | ' b) The mixer and extruder

Fig. 1. 3D concrete printer system (Budapest University of Technology and Economics,
Laboratory of Department of Construction Materials and Technologies (Thajeel, Balazs, 2024)

Fig. 2. First bmdge in Hungary produced by 3D concrete prmter (Budapest University of Technology
and Economics, Laboratory of Department of Construction Materials and Technologies)

Fig. 3. Concept of printed segments of a bridge in 3D concrete printing that are joined by
reinforcement and infill concrete (Budapest University of Technology and Economics,
Laboratory of Department of Construction Materials and Technologies)
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2.2. 3D-Printed Concrete Bridge in Alcobendas (Madrid, Spain)

Year Completed: 2016
Type: Pedestrian bridge
Material: Reinforced concrete

This 3D-printed bridge, developed by the Institute of Advanced Architecture of Catalonia
(TAAC), spans 12 meters and features a parametric design optimized for material efficiency. It
was the world’s first 3D-printed concrete pedestrian bridge, showcasing how 3D printing can
produce aesthetically appealing and structurally sound infrastructure with minimal waste (Fig. 4).

p.

Fig. 4. 3D concrete printed pedestrian bridge in Alcobendas (Madrid, Spain) completed in
2016 (De la Fuente, Blanco, Galeote, Cavalaro, 2022)



2.3. Striatus 3D-Printed Concrete Bridge (Venice Biennale, Italy)

Year Completed: 2021
Type: Pedestrian bridge (temporary installation)
Material: 3D-printed concrete blocks (without reinforcement)

Designed by Zaha Hadid Architects and ETH Zurich, the Striatus bridge is an unreinforced,
3D-printed concrete bridge that was exhibited at the Venice Biennale. The bridge was printed
using concrete in a way that optimized compression forces, allowing the structure to stand
without reinforcement. This project demonstrated how 3D printing could challenge traditional
design and construction methods by leveraging advanced engineering and computational
techniques (Fig. 5).

Wi
W
i ///L/MC/M//"///{{W £

N
QLA

% s

Fig. 5. 3D concrete printed pedestrian bridge (Venice Biennale, Italy) concrete blocks
without reinforcement completed in 2021 (ETH Zurich, BRG, Architects, Z.H., CODE,
Incremental3d, HOLCIM, 2022)



2.4. OptiBridge - Ghent University, Belgium

Year Completed: 2022
Type: Pedestrian bridge
Material: 3D-printed concrete

OptiBridge is the second 3D-printed concrete footbridge designed and constructed by Ghent
University. It was developed using advanced topology optimization, which involves using
computational algorithms to determine the most efficient material distribution, minimizing
material use while maintaining structural integrity. The topology optimization process ensured
that the design removed unnecessary material from areas that experience lower stress, resulting
in a lightweight yet strong structure. This method mimics organic structures like bones or tree
branches, which have evolved to use material efficiently. The bridge was printed using 3D
concrete printing technology, showcasing how this innovative process can produce optimized,
structurally efficient designs that are difficult or impossible to achieve using traditional
construction methods (Fig. 6).

Fig. 6. OptiBridge — Ghent University, Belgium (2022) (Ooms, Vantyghem, Tao, Bekaert, De
Schutter, Van Tittelboom, De Corte., 2022)



2.5. XtreeE 3D-Printed Bridge (France)

Year Completed:  In progress
Type: Pedestrian bridge
Material: 3D-printed concrete

XtreeE, a French 3D printing firm, is collaborating with various partners to develop a series of
3D-printed concrete bridges across France. These projects focus on optimizing material usage
and achieving intricate design geometries that are difficult to create with traditional construction
methods. The company is using large-scale 3D printers to produce the components for these
bridges (Fig. 7).
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Fig. 7. Xtree 3D concrete printed pedestrian bridge (France - progress) (XtreeE, An
innovation partnership for the design-build of a 3D-printed concrete footbridge. Accessed 29
September 2020)



2.6. 3D concrete printing for bridge construction - main benefits

Using 3D printing for bridge construction offers several key benefits (Hwang, Khoshnevis,
2004):

1. Speed of Construction
Rapid Fabrication: 3D printing can significantly reduce the time needed to design and
construct bridges, allowing for quicker project completion.

2. Material Efficiency
Reduced Waste: The additive manufacturing process uses only the necessary amount of
material, leading to less waste compared to traditional construction methods.

3. Design Flexibility
Complex Geometries: 3D printing enables the creation of intricate and customized designs
that would be difficult to achieve with conventional techniques.

4. Cost-Effectiveness
Lower Labour Costs: The automation of the printing process can reduce labour requirements,
potentially lowering overall project costs.

5. Sustainability
Use of Recycled Materials: Many 3D printing projects incorporate recycled materials into
concrete mixes, enhancing environmental sustainability.

6. Reduced Need for Formwork
Simplified Construction Process: Traditional concrete construction often requires extensive
formwork, which can be costly and time-consuming. 3D printing eliminates much of this
need.

7. Customization
Tailored Solutions: Bridges can be designed to meet specific site conditions and aesthetic
requirements, allowing for more personalized infrastructure solutions.

8. Enhanced Structural Performance
Optimized Designs: Advanced software can optimize bridge designs for strength and
durability, potentially leading to better performance over time.

9. Labour Shortage Mitigation
Reduced Workforce Dependence: By automating parts of the construction process, 3D
printing can help address labour shortages in the construction industry.

10. Innovative Testing and Prototyping
Rapid Prototyping: New designs can be tested and iterated quickly, facilitating innovation
in bridge engineering.

3. NON-METALLIC REINFORCEMENTS FOR BRIDGES

There is an intention to apply high strength, non-metallic reinforcements that are non-
susceptible for electrolytic corrosion as internal embedded reinforcement or externally bonded
reinforcement.

First Hungarian application of non-metallic reinforcement in tunnelling was carried out “soft
eye application” during the construction of M4 underground line by the Gellért station below
60 m level (Fig 8).
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Fig. 8. Soft eye application during the construction of M4 underground line by the Gelleért
station (Photo: courtesy of Lajos Badn)

3.1. Non-metallic reinforcements for bridges as internal reinforcements

Within the Project supported by the Hungarian Ministry of Innovation 2018-1.3.1-VKE
including high strength, non-corrosive fibre reinforced polymer reinforcement in bridges, we
would like to present here our preliminary results on application of FRP reinforcement as
internally prestressed with CFRP (Carbon Fibre Reinforced Polymer) wires (Fig. 9).

STEEL OR CFRP PRESTRESSING WIRES?
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Fig. 9. Comparative study on concrete beams prestressed either with steel or with CFRP
wires (Borosnyoi, Balazs, 2007)

3.2. Non-metallic reinforcements for strengthening of bridges

Retrofitting of concrete structures by using externally bonded reinforcements has been
published in fib Bulletins N° 14 and 35. By using FRPs for strengthening, two techniques are
distinguished: application of external bonded reinforcement (EBR) (Hollaway, Leeming, 1999;
Balazs, Almakt, 2000) or near surface mounted (NSM) reinforcement (Blaschko, 2001; Szabd,
Balazs, 2008). Both techniques, especially EBR, gained a wide range of applications in the last

two decades.
Fig. 10 presents example for careful preparation of strengthening with CFRP materials.



Fig. 10. Application of FRP in form of strip (left) and wrap (right)

An interesting example for bridge strengthening with CFRP EBR in Budapest is presented
herein (Balazs, Almakt, 2000). The approach span of Pet6fi bridge in Budapest was constructed
of precast prestressed pre-tensioned concrete bridge girders with an additional cast in situ
reinforced concrete deck. The first girder suffered seriously from corrosion, i.e. five
prestressing strands from twenty—nine were completely corroded in the girder situated under
the tram line. Several ways for strengthening were analysed and finally the decision was taken
to bond 5 pieces of 28 m long Sika CarboDur® strips of medium modulus of elasticity. This
operation was performed during night after the tram traffic had stopped. The whole bottom
flange of the girder was finally covered by a protecting layer against further ingress of de-icing
salts into the concrete. Unfortunately, the chloride content of concrete before strengthening was
already relatively high and therefore further failure of the prestressing tendons is not excluded.
Regular deflection and strain measurements are carried out for control.

4. CFCM - AS A NEW NON-METALLIC REINFORCEMENT THAT IS CEMENT
BASED INCLUDING FIBRES

The new reinforcement is called Carbon Fibre Reinforcement in Cementitious Matrix and
abbreviated as CFCM reinforcement. The reinforcement consists of longitudinal fibres
embedded into cement matrix with a special process. The process is based on a new patent by
Ferenc Csurgai (PCT/HU2017/050010 int., 11 April 2016, final patent: P1700140, dated 7
April 2017). Since matrix of the CFCM reinforcement is cement based and has contact to the
concrete, this composite system provides contact of cement based materials and not contact to
cement base to polymer based as by FRP.

4.1. Basic properties

Any cross-sections and any special forms can be created of the CFCM reinforcement as long
as it is not hardened. This includes the possibility to produce reinforcement either like
conventional bars or strips or layers. The fresh CFCM reinforcement can be incorporated in the
cross-section anywhere even without concrete cover because the electrolytic corrosion is
excluded of CFCM reinforcement.

Fig. 11 indicates the fresh reinforcement after the production process. This is a soft and
formable product as long as the cement hydration is delayed.



Fig. 11. Photo of formable reinforcement just after production (Balazs, Solyom, 2023)

The CFCM formable reinforcement is a special form of reinforcement with the possibility to
give its shape (1, 2 or 3 dimensional) just before or during the casting process of the concrete
element, unlike steel reinforcement where the product has its well determined solid form, or
any precured Fibre Reinforced Polymer (FRP) reinforcement where branch of fibres are
embedded in resin matrix which already hardened during production.

The favourable situation with formable reinforcements:

e compared to steel reinforcements, there is no need for production of iron, then steel,
e compared to FRP reinforcements, there is no need for pultrusion.

Using formable reinforcements, the compatibility of reinforced concrete as system will
improve considerably since both concrete as well as the reinforcement are cement based.
Consequently, the interaction of reinforcement and concrete have special characteristics
(Balazs, Csurgai, S6lyom, 2022). The compatibility defined by the same binder may provide
improved bond and improved durability involving sustainability and also improved fire
resistance compared to the steel reinforced or FRP reinforced concrete systems (Fig.12). These
advantages may be support by the wet fo wet technology whenever the fresh CFCM
reinforcement is applied into the fresh concrete during casting (Balazs, Csurgai, Solyom, 2022).

Fig. 12. The bond of formable reinforcement in direct contact to concrete creates an excessive
bond (Balazs, Csurgai, Solyom, 2022)
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4.2. CFCM - Tests as reinforcement for bridges

Preliminary tests have been carried out to possible application of CFCM reinforcement for a
bridge girder (Fig. 13).

In this case all of the tensile reinforcement was provided by CFCM reinforcing bars and the
shear reinforcement by steel stirrups. In a later experiment we changed even the shear
reinforcement by CFCM stirrups.

The load—deflection curve of the CFCM reinforced girders were bilinear, indicating
considerable deformation capacity until failure.

i =

Fig. 13. Bridge girder with CFCM reinforcement (Baldzs, Solyom, 2021)

5. PERFYCON - IS A NEW MATERIAL INCLUDING THREE DIMENSIONAL
STEEL FIBRES

Intentions are often directed to high performance materials in order to meet on durability as
well sustainability.

A new reinforcing element has been developed and has a 3 dimensional form. It is produced
from a single wire in successive steps of bending and creating finally four closed loops that are
connected in the same centre. Fibre name is: Starex; and the name of the concrete which
includes Starex in an appropriate composition of concrete is called as: Perfycon (patent
Perfycomp Co., P1600552).

The fibre can have different diameters and different lengths of loops depending on the type
of application, i.e. depending on the sizes of the element and type of execution (placing,
pumping, shotcreting, self-compacting, etc.). The fibre material is steel.

Herein we can report only about an extraordinary characteristic of the influence of this fibre
in concrete. The concrete cube prepared in SIFCON form and loaded in compression did not
fail completely but kept a considerable part of the load even after 50% strain. The reason was
the internal confinement provided by the three dimensional fibres.

11
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Fig. 14. Extraordinary strain of SIFCON including three dimensional fibres (PERFYCON) in
compression

6. CONCLUSIONS

Presented study indicated innovations:

e 3D Concrete Printing for bridges;

e non-metallic reinforcements for internal reinforcement or external reinforcement for
strengthening;

e CFCM - as a new non-metallic reinforcement that is cement based including fibres;

e PERFYCON - is a new material including three dimensional steel fibres.

All these contribute to the performance and characteristics of concrete structures, especially
of bridges.

7. ACKNOWLEDGMENTS

Authors acknowledge the support by the Hungarian Research Grant VKE 2018-1-3-1 0003
“Development of advanced concrete elements”.

The Stipendium Hungaricum Scholarship Program is highly acknowledged for supporting
the PhD studies and research work.

8. REFERENCES

Balazs, G. L., Sélyom, S. (2023), “Formable reinforcement”, Proceedings of Conceptual
Design 2023 Oslo.

Balazs, G. L., Csurgai, F. Solyom, S. (2022), “Bond of CFCM”, Proceedings (Eds. Hoffmann,
J, and Plizzari, G.), “Bond Anchorage Detailing”, 5" In Conf. Bond in Concrete 2022,
Stuttgart, 25-27 July 2022, IWB Stuttgart University, pp. 945-954.

Balazs, G. L., Sélyom, S. (2022), “CFCM cementkotésii szénszal armaturakkal készitett FPT
45-8,80 hidgerendak hajlitovizsgalatdnak eredményei”, Project Report 2019-1.1.1-PIACI-

12



KFI-2019-00142 Tart6sabb, konnyebben beépithetd ¢s megndvelt teherbirast eléregyartott
betonelemek és hatékony gyartasi technoldgia fejlesztése, BME Budapest 09.11.2021.

De la Fuente, A., Blanco, A., Galeote, E., Cavalaro, S. (2022), “Structural fibre-reinforced
cement-based composite designed for particle bed 3D printing systems”, Case study Parque
de Castilla Footbridge in Madrid. Cem. Concr. Res. 157, 106801
https://doi.org/10.1016/.cemconres.2022.106801.

ETH Zurich, BRG, Architects, Z.H., CODE, Incremental3d, HOLCIM (2022), “Striatus 3D
Concrete Printed masonry”, URL https://www.striatusbridge.com/ (Accessed 29 September
2020).

Hwang, D, Khoshnevis, B. (2004), “Concrete wall fabrication by contour crafting”,
Proceedings of the 21% International Symposium on Automation and Robotics in
Construction, https://doi.org/10.22260/isarc2004/0057.

Ooms, T., Vantyghem, G., Tao, Y., Bekaert, M., De Schutter, G., Van Tittelboom, K., De Corte,
W. (2022), In: Buswell, R., Blanco, A., Cavalaro, S., Kinnell, P. (Eds.), “The Production of
a Topology-Optimized 3D-Printed Concrete Bridge BT” — Third RILEM International
Conference on Concrete and Digital Fabrication. Springer International Publishing, Cham,
pp. 37-42.

Thajeel, M. M., Balazs, G. L. (2024), “3D concrete printing with robot — resulted properties”,
Online Journal of Robotics &  Automation Technology, March 2024,
http://dx.doi.org/10.33552/OJRAT.2024.02.000540

XtreeE, An innovation partnership for the design-build of a 3D-printed concrete footbridge.
URL XtreeE | The large-scale 3d (Accessed 29 September 2020).

13


https://xtreee.com/en/

SOME QUESTIONS ABOUT THE FUTURE OF STRUCTURAL
CONCRETE AND OF ENGINEERS AND DESIGNERS

Michel Virlogeux, Honorary President FIP and fib
Professor at the Ecole Nationale des Ponts et Chaussées
Bonnelles, France

SUMMARY

The climatic change, due to large carbon emissions, is a major threat for our civilisation, calling
for dramatic changes in our economy, especially for transport and construction. Fabrication of
cement and concrete takes a significant part in carbon emissions, which will certainly increase
in the near future due to the necessary needs in developing countries. How could engineers
reduce this impact, and continue using an essential material for the good of society. But what is
today the influence of engineers in our society?

1. INTRODUCTION

I have been invited to give a keynote lecture at the MAUT30 International Scientific
Symposium, the proposed theme being recent constructions in France. As there have not been
so many interesting structures erected in France these last years, I could have extended this
theme, an occasion to present some recent projects in which I had been involved.

But, due to my past responsibilities in fib, and to more than 50 years of bridge design, I
consider that [ must concentrate this lecture on the major problems of our profession:

— the future of concrete, which is today considered as producing too much carbon emissions,
and is supposed to be replaced by other materials;

— and the evolution of our profession which is less and less creative. The nature of structural
codes, the way numerical means are used, and the development of artificial intelligence tend
to transform engineers into simple technicians.

We must — our profession, our associations, starting with fib — react against this situation and
promote engineering and creativity in our domains.

2. THE FUTURE OF CONCRETE
2.1. Carbon emissions and natural resources

Concrete constructions are accused in some media, and by some politicians, to be one of the
major producers of carbon emissions, and to exhaust natural resources, sand and gravel mainly.

It is also accused, together with construction of roads, of being a major cause of soil
artificialization. A part of the public opposes now to the construction of motorways, forgetting
that in the early seventies 16,000 persons per year were killed in France in road accidents. It is
only about 3,000 these last years, due to the progress in the car industry which drastically
increased driving safety, to the repressive system, but above everything by the construction of
a large and safe motorway network, carefully maintained.

As usual, the advantages are taken as a due, and the drawbacks only are considered.



2.2. Which material to replace concrete?

It is true that the fabrication of cement produces large carbon emissions and that fabrication of
concrete needs much sand and gravel. But no other material can totally replace concrete.

Fabrication of steel — another material essential in our civilisation — also produces large
carbon emissions, and exhausts natural resources.

Replacing concrete with wood to erect houses or buildings would rapidly exhaust existing
forests, which are not in very good condition in my country due to the climatic emission. And
we can often see what the effect of strong hurricanes on houses made of wood in the United
States is. We cannot go back to stones and wood.

Nobody dares to say what the effective cause of these massive carbon emissions is: this is
the unlimited growth of human population. When I was young, in 1950, there were 2.6 billion
inhabitants on earth, of which a very large majority lived in very frugal conditions; on
November 2022, the population reached 8.0 billion; not all of them lived according to the
American way of life, but in many countries the individual consumption increased, with a
growing number of cars and other energy-consuming equipment.

We can anticipate that construction will be increased in the future in developing countries
which have not yet an adapted equipment level of roads, railways, hospitals, habitation
buildings, schools, universities.

The equation clearly has no solution.

2.3. Steel and concrete

Steel and concrete will remain the main construction materials for building houses, bridges,
factories. They will not disappear, and we shall have to find ways to reduce, as much as we can,
the level of carbon emissions and the exhaust of natural materials; limiting — directly or
indirectly — the production of concrete.

I am not qualified to say how the carbon emission could be reduced in the production of
cement, but we all know that the cement industry develops new processes to produce low carbon
cement.

We also know that researchers develop analyses to re-use demolition products, in order to
replace, partly or totally, natural sand and gravels, to reduce the consumption of natural
materials. It may lead to reduce the concrete characteristics, strength for example, or durability,
meaning that these new concretes must find adapted applications.

I had also heard that the production of high-performance concrete produces more carbon
emissions than classical concrete. The example I had seen was not fully convincing, since it
compared a classical concrete, 40 to 50 MPa, to a high-performance concrete of more than
100 MPa.

I shall come back to this point since the durability of the structures to build must be
considered in the selection of materials.

2.4. Thermic isolation of buildings

A major goal for our industry is to reduce the quantity of energy necessary to use our
constructions. One of the major questions is the thermic isolation of habitations. We usually
think of heating in cold times, but with the climatic evolution we shall also have to consider hot
periods.

This problem is extremely critical in France, where this question has not been considered for
many years. The result is that a very large part of habitations are cold in winter, hot in summer,
and require much energy in the cold seasons.



The evaluation of thermal insulation in France is very technocratic, extremely approximate,
and the laws are so complicated that it is difficult to update many of existing constructions.

This is a very major problem to solve in many countries, with important possible savings in
energy and in carbon emissions.

2.5. The designer’s duty

As already stated, I am not qualified in these domains, but I can react as a designer.

As designers, using cement and steel, using natural resources as sand and gravel, we have a
high responsibility in the situation created by the climatic crisis, and must do our best to reduce
the societal and environmental cost of our constructions.

We must go back to the three rules laid down by Vitruvius Pollio, at least the first two of
them.

Utilitas. As we must reduce the resources used for construction, we must limit constructions
to those which are effectively useful to the society. We must stop erecting non-useful, and
extravagant structures. This is not so easy, since the tendency has been, these last years, to
design for show, for originality. It is no more acceptable to waste materials and resources just
for a designer’s reputation or a politician’s pride.

Firmitas. Of course, structures must resist to applied forces. But I add to the notion of
strength the notion of durability.

The erected structures must be useful (utilitas) during a very long time to justify the
consumption of the used resources, and to reach this goal they must be durable. The materials
and resources used for construction must not be spoiled for a short life time. This is not so easy
in the modern world, when the target is usually an immediate, short-term benefit.

Long-term durability has a cost; high performance concrete is more durable due to a high
compactness; prestressing tendons can be designed to have a high corrosion protection;
equipment — drainage, waterproofing — can significantly improve the durability of the structure.

I have seen many mediatic decisions supposedly “ecological” that do not add anything to the
structure. The most efficient way to produce sustainability consists in producing structures
which can last a long time. Saving some carbon emissions is a mistake if the result is a much
shorter service life.

We must consider durability and maintenance much more than we did 30 or 40 years ago.
Structures must be designed to be easily inspected and maintained.

Venustas. Of course, I am personally concerned by the architectural quality of constructions,
proportions, balance, elegance, and by their adaptation to their site. But we are not at the heart
of the climatic crisis question here.

Adaptability. Considering the rapid evolution of the modern world, we must add a fourth
rule to the three aims of designers by Vitruvius: adaptability.

It is frequently referred to the life cycle of structures, to consider all the life steps, from
erection to demolition. But this concept must not be misunderstood. It is not until demolition
has been considered and assessed, with the possible re-use of some materials, that the right
objective has been achieved.

I recently listened to a presentation given by Joost Walraven, one of our first presidents. He
told us that, in the fifties and sixties, when many people moved from the countryside to cities,
habitation buildings were extensively built with apartments for families of four to five persons,
parents and children. These buildings are no more adapted to the situation today, with young
couples, with separated families, students. The old buildings, no more adapted to the demand,
have been demolished to be replaced for a better adaptation to a new demand, resulting in a
waste of the materials used when they were erected.



Joost then showed that we must change our construction philosophy, and think of adaptable
structures. Meaning buildings with long spans, such that the internal organisation of apartments
can be modified if needed, by just replacing the internal substructures, passing from large to
small ones, or the other way round, without modifying the main structure.

2.6. Conclusion

The climatic crisis must modify our vision of construction. We must become more responsible
of the use of energy, materials and natural resources.

But this good direction is not in agreement with short term interests: no private investor will
put more money to long-term durability; nor to erect adaptable structures as those suggested by
Joost. They will privilege short-term rentability. Only the public authorities can put the pressure
in the good direction.

Engineers and their associations must develop ideas and convince media and politicians of
the still major interest of the classical construction materials, concrete and steel, and of the
necessary orientations to erect more efficient constructions.

3. fib’S DUTY

In my opinion, it is the duty of the fib to produce documents in the defence of concrete and
concrete structures, not at the attention of its members or of engineers, but of the public and the
media; and also to take part in public emissions, radio and television, to explain the
developments made to reduce carbon emissions and the use of natural resources; and the
advantages of concrete and steel to erect constructions for the good of humanity.

I do not speak of Technical Bulletins (which could be useful as preparatory documents), but
of books or presentations made by qualified, well-known professors or engineers, adapted to a
large public, able to demonstrate the need of concrete and steel in our civilisation.

It is important to oppose to low quality constructions, as many poorly designed habitation
buildings and bridges and as many constructions of a low durability touched by concrete
degradation, corrosion and cracks, which have given to concrete a poor reputation.

The fib must promote constructions demonstrating that concrete can be a material of
excellence, based on a unanimous selection on the basis of an assessment. Some examples are
given in Figures 1-9.

Fig. 1. Aircraft hangar at Fiumicino airport (left) and a cinema in Rome (right) by Ricardo
Morandi



Fig. 4. A bridge on the River Rhein (Christian Menn)



Fig. 7. The Swiss Lake Bridge Czech Republic (Jiri Strasky)
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Fig. 9. The Brdge on the river Vienne
4. THE FUTURE OF ENGINEERS AND DESIGNERS
4.1. Engineers’ influence in society

The tasks described above will not be so easy, since engineers have practically lost any
influence in the society and are not able to be listened to by the media and politicians.

Perhaps I am wrong, but I do not see qualified and credible engineers interviewed in the
public media to explain how concrete is essential in our civilisation and how the industry works
to reduce carbon emissions and the consumption of natural resources. We only hear negative
opinions from ecologists or others who cannot propose credible alternatives to erect safe and
durable buildings, dams and bridges.

Engineers discuss these questions among themselves, without any impact on society, without
any impact on the media. Twenty, thirty years ago, a few journalists came to our conferences.
Now, when the situation is critical, I see none.

Our associations must become pro-active, making contacts with the media and political
organisations — such as the European Commission — to defend their position.

4.2. Engineers lost a large part of their influence on construction

Engineers lost their influence over large contracting companies due to the development of
concessions and design and build competitions. Designers and design offices, even the largest
ones, have not the capacity to compete with large contracting companies which can impose
their strategy and their financial goals.

Engineers have also lost their influence against architects who are close to media and
politicians. Even to erect complex structures, like bridges or large buildings, architects tend to
take the lead, not for the best for bridges, and engineers are rarely credited for their creations.



Personally, I think that designing elegant bridges is a part of architecture, one of the six arts
ordered by Hegel from the most constrained by material to the purest: Architecture — Sculpture
— Painting — Dance — Music and Poetry.

The art of engineers, in designing their structures, is to organise the materials and to master
the flow of forces from the loads — including self-weight — to the supports and foundations.

If engineers claim that design is an art and have the ambition of being “artists”, they must
be consistent and adopt a more appropriate attitude and language. They must take interest in
arts more generally. Each time I visited Jorg Schaich in Stuttgart, he drove me to visit the
painting museum; to visit his bridges in the area; to pass in a street in which series of houses
have been erected by the masters of the Bauhaus movement.

Each time [ was invited by Mineo Morimoto to give lectures in Japan, he drove me in several
Japanese places, to visit castles and temples; I even took inspiration from the Kintai Bridge,
visited with him during the spring cherry blossom season, to install a pedestrian walkway on
an arch bridge in French Brittany.

Above all, we must be able to understand the site and the landscape, to design a bridge or a
structure adapted to the site, or a building that fits the urban environment.

4.3. A disastrous evolution

I am very sorry to say that this is not what I usually see.

Often, engineers jump to their computer, build a structural model, and produce a series of
numerical results corresponding to factored load combinations. In many cases, they do not even
know what the distribution of forces and stresses under permanent loads is, which are in fact
governing the life of the structure. Of course, I must recognize that it is necessary to check that
the design fulfils the code requirements, but this is not the way to develop a good design.

To be very clear, I do not like our structural codes which are not helping to a good
understanding of the structural behaviour.

I had once a heated discussion with a French engineer who had an important position in the
preparation of the Eurocodes. He told me that the European governments will have less and less
money to spend on construction, due to the increase in social spending and on this point he was
right. But from that point, he considered that, to reduce the cost of design, engineers had to be
replaced by simple technicians.

Of course, it made me furious, and I then said that I did not appreciate the Eurocodes, which
mainly gives application rules, in the American way, without a clear physical meaning. He
answered that engineers are so stupid that they must apply codes without understanding them.
Many engineers are reduced to simple technicians.

The development of BIM (with some great advantages to avoid construction errors) and
artificial intelligence will not help stopping this dramatic evolution.

4.4. Lessons from our predecessors

We must learn from our predecessors, engineers who built fantastic structures in steel or
concrete, who were much more than just engineers because of their influence on society:
Thomas Telford, Kingdom Isambard Brunel, Gustave Eiffel, John Roebling, Robert Maillart,
Othmar Ammann, Eugéne Freyssinet, Riccardo Morandi, Nicolas Esquillan, Fritz Leonhardt,
René Greisch, Jacques Mathivat, Jorg Schlaich, Jean-Francois Klein and many others (see
Figures 10-16).



Fig. 10. Thomas Telford (left) and Kin

Fig. 12. Robert Maillart (left) and Othmar Ammann (right)
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Fig. 13. Eugene Freyssinet (left, in hat) and Riccardo Morandi (right)

Fig. 15. René Greisch (left) and Jacques Mathivat (vight)
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1g 16. Jorg Schlaich (left, in tie) nd Jean-Francois Klein (rigfit)

They had a personal approach of design and construction. They based their design on
physical bases, on their knowledge of the behaviour of materials, with a clear understanding of
the flow of forces, and on a clear sense of architecture and elegance. Many engineers, today,
just apply codes, and act as simple technicians.

It is in my opinion in the duties of our associations, fib and IABSE at least, to maintain the
memory of these great designers, to underline what they gave to the society, and make their best
to encourage the apparition of successors, and the design of great structures (Figures 17-23).

/
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Fig. 17. The Rion-Antirion Bridge
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Fig. 18. The Avignon viaducts for the High Speed Train

Fig. 19. The Normandie Bridge
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Fig. 22. The Millau Viaduct
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Fig. 23. The Third Bosporus Bridge (Jean-Frangois Klein and Michel Virlogeux)

5. CONCLUSION

As a conclusion, we need that our associations, and more especially fib, promote the role of
engineers, and put into light the major evolutions and problems of our industry, and the best
built structures.

As it is today, our Journal, Structural Concrete International, with thousands of pages every
year devoted to research, and mainly to summaries of doctoral theses, cannot reach this goal. It
cannot attract the best papers, which are either not written or will be published elsewhere.

fib is efficiently attracting the academic world, but is losing designers and the profession.

In the critical period produced by the climatic crisis, we must absolutely get out of the
comfortable “between us” life and turn to action in the society.
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RESEARCH ON BRIDGES AT THE BUDAPEST UNIVERSITY OF
TECHNOLOGY AND ECONOMICS

LaszIlo Dunai
Professor, Member of the MTA, Department of Structural Engineering, BME
3-9. Miiegyetem rkp., Kmf. 85, Budapest, H-1111, Hungary

ABSTRACT

Bridge construction is closely related to the development of transport infrastructure and is in its
"golden age" when road/railway construction is gaining momentum in a country. In Hungary,
three such eras are referred to as the "golden age of bridge construction". The first is the period
of the Millennium, when most of the historical Danube bridges were built, in addition to the
large number of bridges of the rapidly developing road and railway network. The sad history of
the second period the devastation of World War II, when most of the country's bridges were
destroyed, their reconstruction was realized in a short time, with enormous work.

The third era of intensive bridge construction began in the early 2000s and continues today.
The high-volume bridge construction activity was/is still supported today by research and
development scientific and industrial projects. The areas of tasks with scientific demands cover
several fields: solid mechanics (structural modelling and analysis, design theory), material
science (new building materials, corrosion), fluid mechanics (wind dynamics), IT (BIM,
digitalization, measurement technology), as well as issues of sustainability and
production/construction technology. Based on the research results and application experience,
the international and domestic regulations for bridges have been also renewed in recent years.

The presentation provide an overview of research activities of the Budapest University of
Technology and Economics (BME) related to bridges carried out in the last decade and a half.
The selected examples illustrate how the theoretical and experimental research supported the
rehabilitation and construction of different types of existing — historical — and new bridges, with
special structural behaviour and design aspects.



FOLDMUVEK TEHERBIRASANAK ES TERHELES OKOZTA
ALAKVALTOZASOK VIZSGALATANAK HAZAI EREDMENYEI

DOMESTIC RESULTS OF INVESTIGATIONS INTO THE LOAD
BEARING CAPACITY AND LOAD-INDUCED DEFORMATION OF
EARTHWORKS

Szendefy Janos
Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
1111 Budapest, Miiegyetem rkp. 1-3.

OSSZEFOGLALO

A palyaszerkezet tervezési gyakorlatban jelenleg nem veszik szdmitasba a ciklikus terhelés
okozta maradé alakvaltozasokat, a palyaszerkezet alatti anyagokat €s a hidraulikus kotéanyag
nélkiili szemcsés alaprétegeket rugalmas anyagként alkalmazzdk. Ennek a gyakorlatnak
vélhetden az az oka, hogy nem volt olyan talajmodell, aminek segitségével a nagy ciklus szdm
alatt bekovetkezd maradoé alakvaltozdsokat meg lehetett volna hatdrozni. A Whictmann altal
fejlesztett HCA-modell lehetdséget ad erre, azonban a bemend paraméterek meghatarozas
érdekében a palyaszerkezet alatti altalajban miikodo fesziiltségviszonyok részletes elemzése
sziikséges. A cikk azon kutatasi eredmények egyes részeit mutatja be, aminek segitségével a
fesziiltségviszonyok és a halmozodo alakvaltozdsok meghatdrozésra kertiltek.

SUMMARY

In current track structure design practice, residual deformation due to cyclic loading is not taken
into account, and subgrade materials and granular base layers without hydraulic binders are
used as flexible materials. The reason for this practice is believed to be that there was no soil
model available to determine the residual deformation over a large number of cycles. The HCA
model developed by Whictmann provides a means to do this, but a detailed analysis of the stress
relationships in the subsoil beneath the track structure is required to determine the input
parameters. This paper presents parts of the research results that have been used to determine
the stress-strain relations and the cumulative deformation.

1. BEVEZETO

A foldmiivek szerepe, hogy biztositsadk az wutak magassagi és helyszinrajzi
nyomvonalvezetését. A foldmiivek fobb elemei koz¢ soroljuk a bevagasok soran kialakulo
fold vagy szikla rézsiiket, a toltések épitésekor késziild toltéstestet és a palyaszerkezetet
kozvetlen alatamaszto foldmi felsOrészt.

A bevagasi rézsiik tervezésekor a legfobb szempont az allékonysaggal szembeni biztonsag
biztositasa, annak érdekében, hogy a tervezett utat megvédjiik az esetlegesen raomlo talajtol
vagy sziklatol. Az allékonysdg biztositdsa mellett természetesen fontos szempont a
fenntarthato lizemeltetéshez sziikséges geometriai kialakitds, ami tartalmazza a hajlasok,
osztopadkdk ¢és a ndvényzet megtervezését. Az allékonysdg alapvetden a kialakitott
geometriatol, a talajrétegzddéstdl fiigg, Osszetett rétegzOdés esetén nehezen felallithato
geotechnikai modell van, ami jelentds kockazatot jelenthet. Azokon a helyeken, ahol a
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tervezett ut a jelenlegi terepnél magasabbra adodik, toltéssel lehet a magassagkiilonbséget
athidalni. A toltések tervezése sordn az elsddleges cél szintén az allékonysag biztositasa, ami
részben a toltés alatti altalaj teherbirdsatol, esetleges mas altalaji anomaliatol, részben pedig
a toltésrézshi allékonysagatol fligg. Mivel a toltés anyagat tervezetten valasztjuk és az épités
soran is lehetdségiink van annak folyamatos feliigyeletére, igy a bevagasi rézsiikkel szemben
az ebbdl fakadd kockazatok csokkenthetdéek, jobban kezelhetéek. A toltések alatti
altalajtorések is altalanos esetben kevésebb kockazatot rejtenek, mint a bevagasi rézsiik.

A toltések megfeleld anyagbdl és tomorségben vald elkésziilése, valamint az altalajban
lejatszodo siillyedések kezelése azért is kiemelten fontos, hogy a palyaszerkezet a toltés
alakvaltozasa miatt ne szenvedjen kdros deformaciot. Amennyiben ezek biztositottak, ugy a
palyaszerkezet alapozasdnak megtervezése soran mar csak a foldmi felso rész tulajdonsagai
lesznek a mérvaddak, igy annak részletes tervezésével, elemzésével kell foglalkozni.
Alapkovetelményként allithatjuk azt fel, hogy a foldmu fels6érésznek kellden teherbironak
kell ahhoz lennie, hogy a palyaszerkezet alatt talajtorés, jelentds oldalkitérés €s ilyen mddon
nagy alakvaltozas, deformacio ne kovetkezhessen be. Ez a kritérium a modern utépitésben
mar rutin feladatnak szamit, igy ilyen jellegli, védd rétegben bekdvetkezd talajtorés jellegii
problémaval ma mar egyre kevesebbszer lehet taldlkozni.

Az emberiség fejlddésével, a globalizaci6 megjelenése okozta robbands-szerlien
megnovekedett forgalmi terheléssel, 0 kihivasoknak kell a péalyaszerkezet tervezdknek és
épitoknek megfelelniiik. Az utakon kozlekedd nagyszamu gépjarmii forgalom nagyszamu
ciklikus terhelést ad a palyaszerkezetnek és azon keresztiil a foldmii felsd részének. A talajban
1évo fesziiltség terjedés és az ennek koszonhetd fesziiltség leépiilés miatt a forgalmi terhelés
okozta tobblet fesziiltségek csak egy korlatozott mélységig jutnak le, igy elegendd csak azt a
foldmii részt az ilyen tipust terhelésnek ellenalléva tenni, ami ezzel érintett. Ebbdl adédoan
a foldmi felsé részében ezen funkcid betdltése miatt specidlis, nagy terhelésti anyagok
keriilnek felhasznélasra. A tovabbiakban ezen felsd rész teherbirdsa és a ciklikus terhelés
okozta marad¢ alakvaltozdsok mértékének meghatarozasa kertil targyalasra.

2. A TALAJOK TEHERBIRASANAK ES A TERHELES OKOZTA ALAKVALTO-
ZASOKNAK A MEGHATAROZASI MODJAI

2.1. Statikus terheléssel mért teherbiras

A talajok teherbirasanak vizre vald érzékenysége jol ismert dolog a szakirodalomban.
Kiilonosen érzékenyek a viztartalom valtozasra a hazénkban felszin kozelében gyakran
eléforduld atmeneti talajok (pl.: 16sz, homokos iszap folyoéiiledékek) és a kotott talajok. Ezen
talajok vizérzékenysége olyan nagymértékii, hogy sokszor mar a tomoritéshez sziikséges
optimalis viztartalom mellett is jelentds teherbiras csokkenéssel kell szdmolni, ami néhany %
viztartalom ndvekedés hatasara gyakorlatilag nullara redukalddik. Az 1. dbra iszap és agyag
talajok CBR teherbirdsat mutatja be a viztartalom fiiggvényében, ahol a fliggéleges vonalak
az adott talajok optimalis viztartalom értékét mutatjadk. Ennek a vizérzékenységnek az
eredménye, hogy ezek a tipusu talajok a palyaszerkezethez kozel mar nem hasznalhatoak,
nem ¢épithetdek be.
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1. dbra: Atmeneti és kétott talajok teherbirdsa a viztartalom fiiggvényében (fiiggdleges
vonalak a wop: jelolik) (Szendefy, 2009)

Az 1. 4bran lathato vizsgéalatok még a talajok statikus talajparamétereinek a mérésére
késziiltek. A laboratoriumban mérhetd CBR teherbirasbol jol szamithato a jelenlegi
uttervezésben is hasznalt £ teherbirasi modulus, amivel az adott talaj merevsége jellemezhetd.
A hazai és a nemzetkozi palyaszerkezet méretezés dontd része jelenleg is ezeket a statikus
terhelésbdl szamitott rugalmassagi modulusokat hasznalja a talajok teherbirdsdnak
jellemzésére.

2.2. Reziliens modulus

A jarmiiforgalom azonban ciklikus terhelést okoz a palyaszerkezet alatti f6ldmiiben, ezért a
kutatok elkezdték vizsgéalnia a talajok ciklikus terheléssel szembeni merevségét. A talajok
ciklikus terhelés alatti alakvaltozasanak meghatarozasa nagy kihivast jelentett a szakmanknak.
Ezt a kihivast részben a vizsgaloberendezések korlatai okoztak, részben pedig a foldmii
felsérészben uralkodé fesziiltségviszonyok ismeretének hidnya. Ciklikus terhelés mérésére
alkalmas triaxialis méréberendezések hazdnkban a 2010-es években jelentek meg, aminek
hatasara tobb fiatal kutatd (Back, 2017, Ban, 2023, Szilvagyi, 2018, Vamos, 2014) is ezen
berendezésekkel végzett vizsgalatok kiilonb6z0 talajtulajdonsagok meghatarozéasa céljabol.

A ciklikus terhelés alatti alakvaltozasokbol szamolhaté a Reziliens modulus (Mr), amely
ilyen médon mar az egyes tengelyathaladasok soran elszenvedett rugalmas alakvaltozast adja
meg. Areziliens modulust a terhelési ciklus végén mért alakvaltozas és a terhelés csticsértékénél
mért alakvaltozds hényadosabol szamithatjuk. A vizsgalatok szerint azonban a ciklikus
terheléshez tartozo hiszterézis hurok a tehermentesités soran nem a 0 alakvaltozashoz, hanem
egy kismértékli maradé alakvaltozashoz tér vissza (2. dbra). Ezt a marado alakvaltozast a
palyaszerkezetek méretezésénél nem veszik figyelembe, a szamitdsokndl hasznalt talaj
merevséget az Mrrel jellemzik. Az egyes ciklusok utdn marado alakvaltozas valdban
elhanyagolhatoéan kicsi a rugalmas alakvaltozashoz képest, azonban a nagyszamu terhelési
ciklusok soran kialakuld6 maradd alakvaltozdsok halmozoddsa miatt mar szdmottevd
alakvaltozas mérheto ki (3. abra).
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2. abra: Triaxialis berendezés a BME Geotechnikai Laboratoriumaban és a Reziliens
modulus elvi abraja

Erre a maradoé alakvaltozasra figyeltiink fel a laboratoriumi vizsgalataink soran €s kezdtiink
el veliik részletesebben foglalkozni. A laboratériumunkban nagyszami M: vizsgélat késziilt
Back Marta ¢s Vamos Maté kutatasai keretén beliil. Mig Back alapvetden a hazankban gyakran
eléforduld 16sz talajok tulajdonsagait és azok stabilizaldsa soran tapasztaltak mérésével
foglalkozott, addig Vamos inkdbb a homokok vizsgélata fel¢ fordult egy még fejlettebb
anyagmodell részletes vizsgélata érdekében.

a. 70 % TEST 3 Cycle 1-30020 b.

60 ~ 1000. ciklus 8 ) .

50 70
T 40 :‘60
& 4

$50
% 30 @
\ 240
% 20 g
g 530
N 10 uzo
Q
L0 10
0,5 0,6 0,7 0,8 0,9 1 1,1
-10 5 ; 0 0—Cycle 1 0— Cycle 12 Cycle 103 Cycle 1022
Alakvaltozas [%)] 015 045 05

0.2 0.25 03 035 04
0— Cycle 10009 —0— Cycle 20007 —0-- Cycle 30023
Axial strain %

3. dbra: Hiszterézis hurok eltolodas halmozodo marado alakvaltozas miatt (a., l6sz talaj
Szendefy, 2017, b., homok talaj, Anas 2018)

2.3. HCA-talajmodell

A laboratoriumi vizsgalatok soran felismertiik és megbizonyosodtunk réla, hogy vannak
marad6 alakvaltozasok, azok numerikus modellezése soran mégis korlatokba {itkdztiink. A
szamitasok megfontolasa soran arra jutottunk, hogy a maradé alakvaltozasok palyaszerkezetre
gyakorolt hatdsanak vizsgalatara két Ut vazolhatd. Az egyik ezek koziil, ha a marado
alakvaltozasok értéke, mint egy statikusan elérhetd alakvaltozas keriil figyelembevételre, tehat
az M: értékének szamitdsa sordn a rugalmas alakvaltozdshoz hozzaadasra keriil a marado
alakvaltozas is, ezzel csokkentve az M: értékét. Ez sajnos nem tudja azt modellezni, hogy ez a
leromlas csak id6ben alakul ki, igy a talaj teherbirasanak alul becslését szolgalna. A masik irany
lehet a végeselemes programokban hasznalt specialis anyagmodellek alkalmazasa. A 2000-es



évektdl nagyon jelentds tapasztalatra tett szert a hazai kutatoi és tervezoi garda a numerikus
analizisekben, a 2010-es évektdl rdadasul megjelennek a 3D modellezés lehetdségei is, ezért
adta magat, hogy ebbe az iranyban legyenek probalkozasok. Tobb évi kutatomunka és kiilfoldi
szakmai konzultaciok utan sem akadt olyan talajmodell, amivel megfeleléen modellezhetd lett
volna a ciklikus alakvaltozdsok soran létrejové marado alakvaltozas a végeselemes
szoftverekkel. Talan legkozelebb a hipoplasztikus modellek alltak, de ezek hosszadalmas
kalibralasa sem vezetett sikerre.

Nem csak ezek a sikertelenségek, hanem mas koriilmények is azt hoztak, hogy a 2010-es
é¢vekben megjelend Wichtmann altal fejlesztett HCA-modell irdnyaba tortént elmozdulés. A
HCA-modell (High-Cycle Accumulation modell) az egyik legjobban dokumentalt, szdmos
laborvizsgalattal igazolt olyan tipusu anyagmodell, ami alkalmas az ismétlodo terhelésbol
szarmaz6 marado alakvaltozasok meghatarozasara. A HCA-modellt Niemunis et al. (2005)
publikéltdk ¢és Wichtmann doktori disszertacidjanak (Wichtmann, 2005) szamos
modellkisérletével verifikaltdk. A HCA-modellt homok talajok alacsony intenzitast
(€*™P!' < 3-1073), hosszan tarto terhelésére (akar 2 millio ciklus) fejlesztették ki. Megbizhatosagat
tobb szaz ciklikus triaxialis laborvizsgalattal kalibraltak a szerzok, ahol kiemelendd Wichtmann
munkassaga (Wichtmann, 2005; Wichtmann et al., 2006, 2007, 2010a, 2010b, Wichtmann and
Triantafyllidis, 2016).
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4. abra: A tisztan implicit és a HCA-modell vegyes szemléletmodja (Wichtmann, 2016)

A HCA-modell alapgondolata, hogy kombinalja az implicit, novekményen (¢ — &) alapuld
fejlett anyagmodelleket és az explicit, ciklusszam — maradé alakvaltozas modelljét (N — €2¢€). A
HCA-modell végeredményként a halmozddo marado alakvaltozast € mint vektormenyiséget adja
meg N-szamu konstans fesziiltségamplitidoju ciklikus terhelés hatdsara. Bemend paraméterként
sziikség van a talaj allapotjellemzdire, mint a hézagtényezd, az atlagos normalfesziiltség, a
fesziiltségallapot és a ciklikus alakvaltozasi amplitido (™). Ez utobbi egy hagyomanyos
anyagmodell segitségével szamolhato ki implicit modon gy, hogy kozben a ciklikus fesziiltség
lépcsdzetesen kertil felvitelre, és az alakvaltozasi amplitidd az alakvaltozasi novekmények
Osszegeként keriil kiszdmitasra. Ezek utdn az alakvaltozasi amplitidd, mint bemend adat
segitségével keriil meghatarozésra az explicit modellel a maradé alakvéltozas az N-szamu konstans
fesziiltségamplitudoju terhelésre. A modell lehetdséget nyqjt arra, hogy az explicit szakaszok
megszakitasra kertiljenek, és az alakvéltozasi amplitidd a megvaltozott allapotjellemzdkkel
(példaul merevebb viselkedés a tomorodés kdvetkeztében) ujra kiszamitasra kertilhessen (Vamos-
Szendefy, 2023b). Az alakvaltozasok szamitasakor a rugalmas ¢s a marado alakvaltozasok mértéke
nagyban fiigg a fesziiltségviszonyoktol, azaz milyen a ciklikusan terhelt talaj részecskére hatd
fliggbleges deviatorfesziiltség és a nyiroszilardsag fesziiltségének aranya, amire dontd hatéssal van
az oldaliranyu megtamasztast reprezentald vizszintes fesziiltségek nagysaga.



3. CIKLIKUS TERELESBOL ADODO MARADO ALAKVALTZASOK SZAMITASA

Az tutpalyaszerkezetek alatti marad6 alakvaltozasok varhatd értékének szamitasara Vamos a
modellt fejlesztett Excel programban. A program a hajlékony palyaszerkezetek alatti egyes
talajrétegekben (zuzottkd alapréteg, javitoréteg, altalaj) hatdrozza meg implicit szdmitassal a
rugalmas elven szamolt pillanatnyi alakvaltozisokat (2™'), valamint HCA-modellel, explicit
szamitassal a halmozdddé maradd alakvaltozdsokat (£*°) a ciklikusan fellépd forgalmi
terhelésbdl. A kovetkezékben a  szamitdsokhoz  sziikséges fesziiltségviszonyok
meghatarozasahoz vezetd kutatasok és a szamitasok néhany eredménye keriil bemutatasra.

3.1. Foldmii felsérészben miikodo fesziiltségviszonyok végeselemes modellezése

A szamitisok sordn eldallitasra keriild rugalmas (¢°™) és maradd alakvaltozasok (%)
meghatarozdsahoz meg kell hatdrozni a palyaszerkezet alaprétegében €s a foldmi felsd részében
mikodé fliggbleges és vizszintes fesziiltségeket. Az emlitett zonaban 1&ve fesziiltségallapot
meghatarozdsa Osszetett folyamat, mivel a fesziiltségallapot idOben valtozo; a kezdeti Gnsuly
fesziiltségek mellett hatassal vannak a fesziiltségtorténetre az épités kdzbeni folyamatok, igy példaul
a tomorit0gép okozta eldterheltség, majd a forgalom okozta terhelés. Az Gsszetett folyamatok miatt
analitikus modszerekkel mar kevéssé szamolhatdak ezek a fesziiltségviszonyok, ezért végeselemes
modellezés keriilt alkalmazasra.

Az utépitéshez kapcsolodo fesziiltségviszonyok mérésével mar korabban késziiltek kutatasok az
M: mérések fesziiltségbedllitasai céljabol. Ennek keretén beliil helyszini mérések késziiltek
foldnyomasmérd cellakkal statikus és konnytiejtdstlyos teherbirdsmérések soran a mérdtarcsa alatt
kiilonb6z6 mélységekben (Szendefy, 2017). A mért eredmények (5. abra) jol illeszkedtek a mérések
hatarmélység elméletével kapcsolatos korabbi hazai kutatdsokhoz (Tompai, 2008), illetve az
egyszertsitett  fesziiltségeloszlas  elméletekkel — végzett szamitdsi  eredményekhez. A
fesziiltségviszonyok numerikus analizésének egyik els6 1épéseként paraméter analizis késziilt statikus
tarcsas teherbirasmérésekhez, aminek segitségével kalibralasra keriiltek a Plaxis geotechnikai
végeselemes program HSS talajmodelljének paraméterei (Kali, 2020). Tulajdonképpen ezen
elemzések (6. abra) eredményeit hasznalta fel a VEK-BME Végeselemes palyaszerkezet tervezd
program kutatasa is, ami a kordbban emlitett halmoz6do alakvaltozasok végeselemes szamitasa miatt
a talaj paramétereket csak rugalmas tartomanyban tudja tovabbra is kezelni.

Tarcsas mérés kdzépen
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5. abra: Statikus tarcsas teherbirasméreés terhelési lépcsoi soran mért erok a tarcsa alatti
kiilonbozo mélységekben (Szendefy, 2017)
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abra: Statikus tarcsas teherbirasmérés numerikus modellje és a kétrétegii teherbiras
tervezo grafikon numerikus modellel valo szamitasa (Kali, 2020)
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Ezen vizsgaltok tovabblépéseként numerikus vizsgalatok késziiltek a teherbirdsmérd
eszk6zok alatti fesziiltségek vizsgalata céljabol. A helyszinen mért tarcsa alatti fesziiltség és
annak mélységgel valo leépiilése keriilt megvizsgalasra. Bar helyszini fesziiltségmérés csak
statikus és nagy tarcsas konnyuejtésulyos berendezések alatt tortént, a helyszini mérések
soran késziiltek kis tarcsas konnyliejtéstilyos mérések is (Kali, 2022). A numerikus
vizsgalatok igy mindhdrom hazankban alkalmazott mindsitési eszkozre elkészitésre keriiltek
(8. abra). A 7. abra jobb oldala a szakirodalomban megtalalhat6 elméleti fesziiltségterjedést
mutatja be, mig az dbra bal oldala a Plaxis végeselemes program szamitasaibol kinyert,

kiilonb6zo mélységben mitkddo fesziiltségeket mutatja.
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7. abra: Végeselemes modellezés és elméleti fesziiltségterjedés abrazoldsa (Kali, 2022)
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8. dbra: Statikus tarcsas, nagy tarcsas és kis tarcsdas kénnytiejtosulyos teherbirdasmerés tarcsdja
alatti fesziiltsegek mélységben valo lefutasanak mért és szamitott értékei (Kali, 2022)

A modellezés sordn szamitott eredmények ¢és tapasztalatok alkalmazasaval Kkeriilt
megalkotasra a HCA-modell vizsgalathoz sziikséges végeselemes szamitdsi modell annak
érdekében, hogy annak bemend paramétereihez megfeleld térbeli fesziiltségi viszonyok
legyenek meghatarozhatoak.

3.2. Fiiggoleges és vizszintes foldnyomasok elemzése

Vamos (2023a., 2023b) kutatdsa sordn egy olyan analitikus szamolasi eljarast fejlesztett ki, ami
a végeselemes fesziiltségviszonyokat felhaszndlva hatdrozza meg palyaszerkezet
alaprétegében, a foldmili felsérészben és az altalajban a fiiggbleges ¢és a vizszintes
fesziiltségviszonyokat a rugalmas és maradd alakvaltozasok szamitdsara. Ezeket bemend
adatként hasznidlva a HCA-modellhez, annak szamitdsa alapjan képes a nagy ciklusszamu
terhelések esetére a varhaté marad6 alakvaltozdsokat meghatirozni. A hazai laboratoriumi
eszkozok és alapkutatasok hianyaban hazai talajra nem sikeriilt HCA paramétereket eldallitani,
ezért Wichmann (2007) altal publikalt szemcsés talajok paramétereit haszndlva végezte el a
szamitasait. A kutatas sordn végzett nagyon sokrétii és atfogé munkabol csak néhany kiragadott
eredmény kertil az itteni cikk keretén beliil bemutatasra. Tovabbi részletes kutatasi eredmények

crer

(Vamos-Szendefy, 2023a, 2023b, 2024a, 2024D).
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9. abra: A tobblet fiiggdleges fesziiltségek lefutdisa az A-C-E-R terhelési osztalyok
palyaszerkezeteinél jol graduadlt homok altalaj esetén (Vamos-Szendefy, 2023b)
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A palyaszerkezet alatti hidraulikus kotéanyag nélkiili zazottké alaprétegben, a foldmii
felsorészben, valamint az altalaj vagy toltéstest tovabbi részében hatd, az egységtengely terhelés
egyik abroncsa alatti fliggdleges tobbletfesziiltségb6l adodo fesziiltségeloszlast mutatja be a 9.
abra. A kiilonboz6 fesziiltségek az eltérd forgalmi terhelésnél hasznalt tipuspalyaszerkezetek
aszaltvastagsaganak kiilonbségébol adddnak. A legkisebb fesziiltség értelemszeriien a
legvastagabb R terhelési osztdaly (29 cm), mig a legnagyobb fesziiltség a 10 cm vastag A terhelési
osztaly palyaszerkezet aszfaltvastagsagnal adodott. Lathatd, hogy jelentds, kozel Otszoros
kiilonbség van a ketté kozott az alapréteg tetején, de még a védo réteg alatt is 2,5-szeres a
fliggbleges tobblet-fesziiltség kiilonbség. A burkolatrol atadodo fesziiltségek nagysagat az aszfalt
vastagsag mellett mas tényezok is befolyasoljak, mint példaul az aszfalt hdmérséklete. A szamités
soran referencia homérsékletli aszfalttal késziilt a fesziiltségek meghatarozasa, amely szamitasok
jo egyezést mutattak a Colas Ut Zrt. probaszakszan mért aszfalt burkolati 1wt ald beépitett
foldnyomasméré cellaval mért eredményekkel. Az aszfalt hémérséklet palyaszerkezet
merevségre gyakorolt hatdsardl ismert — részletesen foglalkozott vele a szintén BME PhD
hallgat6 Cho (2022) — hogy a merevségvaltozas miatt a palyaszerkezet alatti zonakra is jelentésen
eltérd fesziiltségek jutnak, amivel Vamos (2024a) is kiilon foglalkozott. A fesziiltség lefutasabol
az lathato, hogy valahol 1,2-1,5m-es mélységig hatolnak le az egységtengely terhelésbdl adodo
fliggbleges fesziiltségek. A 9. dbran a modellben alkalmazott 20 cm vastag zazottkd alaprétegben,
majd az alatta 1év6 20 cm vastag homokos kavics véddrétegben, végiil pedig az alatta 1évo jol
gradualt homoktalajban hatd tobblet fesziiltségek lathatoak.

A talajok alakvéltozésnak szamitasdhoz haszndlt modellnél a rugalmas és a marado
alakvaltozasok ardnya a fesziiltségviszonyoktol fiigg, igy a fliggbleges fesziiltségek mellett a
vizszintes fesziiltségek kiszdmitdsa volt elkeriilhetetlen. A vizszintes fesziiltségek alakulasa
rendkiviil 0sszetett, tobb tényezotdl is fligg, mint példaul a réteg palyaszerkezet burkolat alatti
helyzete, a burkolat vastagsaga, valamint a tobblet fliggbleges fesziiltség ¢és a beépités soran
alkalmazott tomoritési fesziiltség hanyadosabol. A vizsgalatok alapjan a zuzottkd alaprétegben
egy lemezszerli hatds lesz a mértékado, aminek hatdsara a réteg felsé 6ve nyomottd, mig az alsé
része huzotta valik. Ebbol adodoan a felsd részen kompresszios allapot (passziv foldnyomas),
mig az alsd részen expanzids (aktiv foldnyomas) allapot fog eldallni. A véddrétegben a
szamitasok szerint a tOmoritési fesziiltség €s az abroncs teherbdl adddd tobbletfesziiltség
hanyadosabdl ado6dé talkonszolidaltsag lesz a mértékadod, ezért nagyban fligg a teher nagysagatol
¢s a burkolat vastagsagatol. A tilkonszolidaltsag szintén kompresszids allapotot, igy magasabb
foldnyomastényez6t, mig a normalisan konszolidalt eset az alacsonyabb nyugalmi
foldnyomastényezdt eredményez (10. abra)
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10. abra: A vizszintes foldnyomas tényezok értéke a zuzottko alaprétegben és a védorétegben
a tengelyterhelés fiiggvényében (a., A terhelési osztaly, b., C terhelési osztaly aszfalt burkolat
vastagsag eseten) (Vamos-Szendefy, 2023a)
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Az altalajban a védoréteghez hasonléan, a fels6 kb. 1,15 m vastag részen egy
tulkonszolidaltsagbol adodo nyugalminal nagyobb foldnyomads tényezd, mig lefelé haladva egy
nyugalmi foldnyomashoz valé visszarendez6dés figyelheté meg (11. abra).
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11. abra: A vizszintes foldnyomds tényezok értéke az altalajban a tengelyterhelés
fiiggvényében (a., A terhelési osztaly, b., C terhelési osztaly aszfalt burkolat vastagsag esetén)
(Vamos-Szendefy, 2023b)

3.2. Halmozd6do alakvaltozasok szamitasa

A fesziiltségviszonyok alapjan szamitott alakvaltozasok ismeretében a HCA modell
segitségével szamithatovd valnak a ciklusszdmok hatasara bekovetkezd siillyedések. A
szamitasok szerint a siillyedések ~90%-a az altalajban fog kialakulni, mig a fennmaradé 10%
tobbsége a védOrétegben alakul ki és a teljes siillyedés csupan 1-2%-ért felelés a zazottkd
alapréteg. Az altalajra minél nagyobb fliggbéleges devitdor fesziiltség jut, az természetesen annal
nagyobb siillyedést fog eredményezni. Ebbdl adéddan ha egységtengely terhelésre viszgaljuk a
kiilonb6z6 palyaszerkezeteket, akkor azonos ciklusszamhoz a vékonyabb palyaszerkezettel
rendelkezd A osztdlynédl lesznek a legnagyobbak a siillyedések, mig az R osztdlyban a
legkisebbek. A ciklusszamok ndvelése természetesen tovabbi terhelési egységeket okoznak,
amik hatdsara egyre nagyobb halmoz6dé alakvaltozasok fognak kialakulni. Ebbdl kifolydlag
az egyes terhelési osztalyokhoz tartozo élettartalom ciklus-szam végére, még a kisebb
amplitudo fesziiltségek ellenére is a nagy szadmban halmozdédéd alakvaltzasok miatt az R
osztalyban lesznek a legnagyobbak a siillyedések, mig az A osztalyban a legkisebbek. Az
¢lettartalom ciklusszamok alatt bekovetkez6 varhato siillyedéseket mutatja be a 12. 4bra.
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12. Az egyes terhelési osztdalyoknadl kialakulo, az FZKA felszinén értelmezett palyaszerkezeti
stiillyedés az egységtengely athaladasi ciklus-szamok fiiggvényében a rosszul gradualt
finomhomok altalaj esetén (Vamos-Szendefy, 2024a)
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A fent leirtakbol az kovetkeztethetd ki, hogy a siillyedések csokkentése alapvetéen az
altalajra juté fesziiltségek csokkentésével, vagyis a magasabb merevségli rétegek
vastagsaganak novelésével érhetdek el. A 12. abra alapjan belathato, hogy az aszfalt burkolat
vastagsaganak novelése milyen modon csokkenti a burkolat alatti siillyedéseket, azonban ha a
zuzottko alapréteg vagy a szemcsés anyagu védoréteg vastagsaga kerlil megnovelésre, ugy az
altalajra szintén kisebb fesziiltségek fognak lejutni. Az alap- vagy védoréteg a siillyedések csak
igen kis szazalékaért volt felelds, igy ezen rétegek vastagitasabol adodo tobblet siillyedések is
elenyészdek lesznek ahhoz képest, amit az altalajra jutd fesziiltségek csokkentésével az
altalajban kialakulo siillyedések csokkenésében el lehet érni. Az aszfalt ara nagysagrenddel
nagyobb ezen szemcsés rétegek aranal, igy gazdasagi elemzés alapjan a burkolat alatti alap-
vagy védoréteg vastagitasa adhat miiszakilag €s gazdasagilag is optimalis megoldast.

Az alapréteg vastagsadga a tipuspalyaszerkezet méretezésnél adott, igy inkdbb a foldmii
fels6részébe beépitett védoréteg hatasa keriilt megvizsgalasra. A védoréteg vastagsaganak
novelésével elérhetd siillyedés csokkenést a 13. dbra mutatja be, amelyrél 80 cm koriili
vastagsag olvashato le optimalis értéknek. Ez j6 egyezést mutat a hazai gyakorlatban az elmult
évtizedekben kialakult és azota a miiszaki eldirdsokban is alkalmazasra keriilt 100 cm vastag
foldmi felsérész vastagsagaval. A védoréteg vastagsdganak vizsgalata mellett szamitasok
késziiltek a védoréteg anyaganak hatdsara vonatkozéan is. A szakirodalombdl és a
tapasztalatbol is ismert, hogy az éles-szemcséjii anyagok teherbirdsa magasabb a legdmbdlyitett
szemcs¢ji anyagoknal. A vizsgélatok soran Gsszehasonlitasra keriilt a zuzottkd, a homokos
kavics €s az ezek keverékébol késziilé védorétegek alkalmazasa soran varhato alakvaltozasok
mértéke. A 13. dbra alapjan megallapithato, hogy az éles-szemcséjii anyagok hasznélataval fele
akkora siillyedések alakulndnak ki, mint az azonos vastagsagli legdmbolyitett szemcséjli
anyagokbol kialakitott védorétegek esetében, ami részben a réteg nagyobb merevsége miatt,
részben pedig az altalajra jut6 kisebb fesziiltségeknek is koszonheto.
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13. Az FZKA tetején szamitott siillyedések a javitoréteg anyaganak és vastagsaganak
fiiggvényében (Vamos and Szendefy, 2024b)

4. OSSZEFOGLALAS

Az utpélyaszerkezetekre haté forgalmi terhelésbdl adodo fiiggdleges fesziiltségek a
palyaszerkezet alatti teherbiras javito és fagyvédo rétegekbe, valamint az alatta 1évo altalajba is
lehatolnak. A lejutd fesziiltségek mértéke fiigg a terhelés nagysagatol, a palyaszerkezet
vastagsagatol és a palyaszerkezet homérsékletétdl is. A foldmi felsé részében és az alatta 1€vo
talajokban ezek a fesziiltségek extrém esetben talajtorést, megfeleld kialakitds esetén csak
kismértékii alakvaltozast eredményeznek. A kismértékli alakvaltozasok egy része rugalmas, igy
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a teher athaladasakor visszaall az eredeti vastagsag dontd része, azonban egy része marado
alakvaltozasként 6sszenyomodast okoz a rétegekben. A forgalmi terhelés okozta nagyszamu
ciklikus terhelés hatasara bekdvetkez6 maradod alakvaltozdsok halmozodésa miatt a
palyaszerkezetben deformdcié alakul ki, ami a palyaszerkezet életartalmat, a burkolat
forgalombiztonsagat csokkenti. A palyaszerkezet tervezési gyakorlatban jelenleg nem veszik
szamitasba a maradé alakvaltozasokat, a palyaszerkezet alatti anyagokat ¢és a hidraulikus
kotéanyag nélkiili szemcsés alaprétegeket rugalmas anyagként alkalmazzak.

A talajokban kialakul6 marado alakvaltozasok halmozddasa nehezen szamithato, mivel a
ciklikus terhelés hatasara a talajszerkezetben 1étrejovo valtozasokat a szamitasi modellek nem
tudjak kezelni. A HCA-modell egy olyan specidlis anyagmodell, ami ezen valtozasok
szambavételére ad lehetdséget, igy a nagy szamu ciklikus terhelés alatt bekdvetkezé marado
alakvaltozasok nagysaga jol szamithatova valik.

A szamitasokhoz sziikséges rugalmas és maradé alakvaltozdsok meghatarozasahoz ismerni
kell a pélyaszerkezet szemcsés alaprétegében ¢és az alatta 1évd foldmi felsérészben, valamint
az altalajban a terhelés hatasara 1étrejovo fesziiltségviszonyokat. Ennek Osszetettsége miatt
végeselemes modellezést javasolt végezni, ahol a paraméterbeallitdsok érdekében valds mérési
eredmények alapjan torténd kalibralast kell végezni.

Az elmult egy évtized sordn tobb kutatdsi munka Osszehangoldsaval kutatd tarsaimmal
sikertilt elvégezniink azokat a helyszini méréseket, végeselemes szdmitasokat és anyagmodell
vizsgalatokat, amelyek segitségével a palyaszerkezet alatti rétegekben kialakuld ciklikus
terhelés okozta halmozddoé alakvaltozasok szamithatova valtak.
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TECHNOLOGIES FOR CONSTRUTION OF CONCRETE TUNNEL
LININGS USED IN CZECHIA

Jan L. Vitek
Metrostav a.s. and Czech Technical University in Prague
Kozeluzska 2450/4, 180 00 Prague 8, Czechia

SUMMARY

The tunnelling in Czechia developed since the first railway were built. After the period of
classical tunnelling methods, the advanced technologies came rather recently. Now a number
of tunnels are completed and some experiences were gained. The paper tries to illustrate the
application of basic technologies of modern tunnels on examples. The mined tunnels are made
usually by NATM (New Austrian Tunnelling Method), using a primary lining made of shotcrete
and final lining cast in moulds. There is also experience with TBM which was used for Prague
subway or for the longest railway tunnel in the country. Many tunnels on the road and railway
network are built as cut and cover tunnels. Finally, a special launched immersed tunnel was
built in Prague as a part of the subway line.

1. INTRODUCTION

Tunnel structures have a long history in the territory of actual Czechia. Progressive
development of tunnels dates to the first half of the 19" century when the railway network was
developed. The first horse railway started to be built in 1832 between Ceské Budg&jovice and
Linz. There was no tunnel on this railway. The first railway tunnel (Tatenicky tunnel) was open
between Olomouc and Ceska Tiebova in 1845. The south portal is shown in Fig. 1 and the
tunnel was only about 146 m long. The tunnels were built at that time using excavation with
wooden temporary scaffolding and then they were equipped with lining made of stone masonry.

o Ve

Fig. 1. Tatenicky tunnel (1845)



In Prague, three tunnel tubes (Vinohradské tunnels) were built in the city centre just in the
neighbourhood of the Main railway station in Prague (Fig. 2). The first tunnel tube about
1,150 m long was built in the period 1869 — 1871. Other tubes were built much later. The
sandstone lining of the first tube was replaced by the granite lining in 1945-48.

Fig. 2. Vinohradské tunnels in Prague built subsequently from 1869 to 1989

In 2022, there were 169 tunnels on the railway network in Czechia with the total length of
55.9 km. The Ejpovicky tunnel is the longest railway tunnel at the moment, and it was
completed in 2018.

The road tunnels started to be built in the beginning of the 20" century. Only few short
tunnels were completed before 1990. The main period of construction of tunnels on the road
network started after 2000. The longest road tunnel in Czechia at the moment is a part of the
city ring road in Prague. With the length of 5,502 m, it is also considered as the longest city
road tunnel in Europe. There are 29 tunnels on the road network in operation.

The modern tunnels (built after 1990) involve the mined tunnels and cut and cover tunnels.
For the mined tunnels the New Austrian Tunnelling Method (NATM) or the Tunnel Boring
Method (TBM) were used. The cut and cover tunnels were built completely or partially in an
open construction pit. The paper focuses on construction of concrete tunnel linings.

2. MINED TUNNELS USING NATM

New Austrian Tunnelling Method (NATM) is used very often for shorter tunnels on railways
and roads. The excavation process is dependent on geological conditions. The primary lining is
made of shotcrete and the secondary lining is usually cast in situ using a movable formwork
system. The first road tunnel (Hfebe¢) was completed in 1997. Hiebe¢ tunnel is located on the
road 1/35 in west direction of the town Svitavy and it is 354 m long. Many road and railway
tunnels were erected using NATM until now.

Usually, the tunnel tubes on motorways are completely independent. The distance between
the individual directions of the motorway is increased so that a wide earth pillar between the
tunnel tubes was able to carry the load increased load because of excavations of the tunnel
tubes (Fig. 3).



Fig. 3. Portal of the Prackovicky tunnel — motorway D8 Prague - Dresden

Tunnel Valik is located on the motorway D5 south of the city of Pilsen (Svoboda, Svare,
2005). The tunnel tubes are very close each other, and the earth pillar between them was
replaced by a narrow concrete pillar. It was a challenging solution because of large load
concentration in this pillar. The lengths of the tubes are 380 m and 390 m, respectively. The
central pillar was cast in a steel formwork using self-compacting concrete. It became a part of
the primary lining of both tunnel tubes (Fig. 4). Finally secondary lining was cast using a
traditional movable formwork and the concrete pillar remained between the tunnel tubes. The
width of each tunnel tube is 11.5 m which is more than usually, the two traffic lanes and a side
lane are of the same width as that outside of the tunnel.

Fig. 4. Central pillar of the Valik tunnel before excavation of main tunnels

The tunnel secondary linings are in most of cases made of reinforced concrete. The railway
tunnel in Prague under the hill Vitkov is an example of where the final lining is made of plain
concrete.



3. MINED TUNNELS USING TBM

TBM (Tunnel Boring Machines) are used worldwide for longer tunnels. The speed of
construction in higher than that of classical excavation methods and the settlements of the
terrain above the tunnel are minimized. Simple TBM was used for tunnels of the Prague subway
in 70" and 80™ of the last century. The last extension of the Prague subway — line A (Cyron et.
al., 2013) was built using a modern EPB machine (Earth Pressure Balanced Machine) produced
by the company Herrenknecht. The two machines were used for acceleration of the construction
process. The extension of the line A involved construction of 3 mined stations (using NATM)
and one station erected in an open pit. The connecting tunnels were built partly NATM (about
750 m) and mainly by TBM. The total length of the subway section was about 6.12 km. The
construction works started in 2010, the traffic of the subway was out in operation in 2015.

The outer diameter of the tunnels built by TBM was 6 m. The lining was composed of precast
concrete tunnel rings. Each ring had 5 regular segments and 1 smaller conical closing segment.
The segments were made of reinforced concrete. The segments are 1.5 m wide and about 3.4 m
long. The thickness of the lining is only 250 mm. The segments were made of reinforced
concrete of the strength class C50/60. The ring has an outer diameter of 5.8 m. The space
between the earth and the lining was grouted. The two machines installed 5,565 rings
(= 8,347.5 m). Fig. 5 shows the steel mould for production of segments.

Fig. 5. Mould for production of segments of the Prague subway

The segments must be very precisely produced, the detail of edges in shown in Fig. 6. The
sealing of joints was glued to the edge gutter after hardening of concrete.

There is a generally good experience with precast tunnel segments made of fibre reinforced
concrete. The geological conditions on the tunnels of the subway generally did not allow for a
replacement of the reinforced concrete by the fibre reinforced concrete. But a part of the tunnels
had smaller loading. After a detailed experimental verification of the production technology
and structural performance under different loading stages in the scale 1:1, it was allowed to
assemble a trial section made of fibre reinforced segments.



Fig. 6. Precise shape of the segment with a gutter for glued sealing of joints

There is a generally good experience with precast tunnel segments made of fibre reinforced
concrete. The geological conditions on the tunnels of the subway generally did not allow for a
replacement of the reinforced concrete by the fibre reinforced concrete. But a part of the tunnels
had smaller loading. After a detailed experimental verification of the production technology
and structural performance under different loading stages in the scale 1:1, it was allowed to
assemble a trial section made of fibre reinforced segments.

The experience from the subway construction was applied in the project of the railway tunnel
Ejpovice. The tunnel is located east of the city of Pilsen. The Ejpovice tunnel is at the moment
the longest railway tunnel in Czechia (4,150 m). It was completed in 2018. The tunnel has 2
tubes of the diameter of about 10 m. The tubes were built using one TBM machine which was
after finishing of the first tube partially dismantled and moved back to the starting position for
building of the second tube (Ivor et al., 2017). The precast segments were produced in the
precasting plant close to the foundation pit where the excavation works started. From the
beginning of the design, the application of fibre reinforced concrete segments was assumed
instead of reinforced concrete segments (Vitek and Vitek, 2017). The ring with the outer
diameter of 9.5 m was composed of 7 segment of rhomboidal shape and 1 closing segment of
the conical shape. One ring was 2 m wide and 400 mm thick. The rhomboidal segments were
approximately 3.8 m long. The segments were made of fibre reinforced concrete of the strength
class C45/55 with steel fibres 60 mm long with the diameter of 1 mm. The fibre content was
40 kg/m>. The sealing of joints was not glued after hardening of segments but it was attached
to the steel mould and embedded to the segments. Fig. 7 shows a detail of the steel mould with
rubber sealing.

The EPB TBM (Earth Pressure Balanced Tunnel Boring Machine) was also produced in the
company Herrenknecht in Germany. The machine is shown in Fig. 8. After erection of the tubes
the connecting cross-passages were built. The openings have to be made in the precast lining.

The forces carried by the lining in the location of the future opening had to be transferred by
the segments in the neighbourhood of the opening. The interaction of segments is necessary,
the joints are subjected to bending and shear. The stress concentrations required to use
reinforced concrete segments instead of fibre reinforced segments. The joints between the
segments were reinforced by connectors which were made of the high strength bars embedded
and grouted in the segments. This original technology was patented and it was successfully



applied in construction. Before its application, a testing program was organised, which served
for verification of the proposed solution. Fig. 9 shows an arrangement of the push out test for
specification of the shear capacity of connectors.

Fig. 8. TBM used for the construction of the Ejpovice railway tunnel

The connectors are made of the prestressing bar profile 36 mm, which is grouted in the tunnel
segments. A number of connectors were applied so that the appropriate forces in the joints could
be transferred. Fig. 10 shows the detail of the precast lining with the opening. The grouting
pipes of the connectors are visible above the opening. The original solution with connectors is
cheap and easy to assemble using the TBM.

During construction of the tunnels some other advanced technologies were tested in
connecting cross-passages, €.g. a final lining made of shotcrete, fibre reinforced shotcrete, etc.
(Andél et. al., 2019).
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Fig. 9. Scheme of the test of connectors exposed to shear

Fig. 10. Opening in the precast lining for the connecting gallery

4. CUT AND COVER TUNNELS

The cut and cover tunnels are suitable for tunnels located close under the terrain. Significant
parts of the Prague subway were constructed using this technology. Construction of the city
ring road in Prague provided an excellent opportunity also for application of cut and cover
tunnels.

City ring road is being built slowly for many years. The last part was open to traffic in 2015.
The entire tunnel of the last part was about 6 km long. Different technologies were applied,
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comprising cut and cover tunnels, cover and cut tunnels (see the next section) and mined tunnels
(Vales et al., 2015). The cut and cover tunnels of two types were built. The tunnels with a
classical rectangular cross-section and the tunnel with vaulted cross-section similar to those
built by mining technology.

The total length of the classical cut and cover tunnels with rectangular cross-section was
about 1.3 km. The tunnels were cast in an open pit. The individual tubes were built for 2 lanes
or for 3 lanes, but close to the entrance and exit ramps, the span of the tunnels increased even
more (up to about 20 m). The bottom slab was cast first (the thickness of 0.75 to 1 m), the walls
followed (the thickness of 0.8 m) and by casting of the top slab the cross-section was closed.
The thickness of the top slab was typically 1 m, but if its span increased, the haunches were
designed where the thickness at the walls increased up to 1.5 m. The bottom slabs were made
of concrete C25/30, the walls and the top slabs were made of concrete C30/37. The barrier
waterproofing was made of PVC membrane, in some parts the clay mats were used, and some
smaller sections were made of water-resistant concrete without any barrier waterproofing. The
fire resistance is also very important. After evaluation of the risk analysis, protection against
fire using PE fibres was selected. The fire resistance for the 180 minutes was achieved by
addition of 1 to 2 kg PE fibres/m> of concrete. The tunnels are designed for the service life of
100 years. Fig. 11 shows a construction of a classical rectangular tunnel for 3 and 2 lanes.

Fig. 11. Classical cut and cover tunnel for 3 and 2 lanes

In the part of the tunnel, where the ramps deviated, the span increased up to about 22 m. It was
not convenient to increase the thickness of the top slab, therefore a prestressed slab was used.
Fig. 12 illustrates the prestressing tendons in the top slab prior to casting.

The cut and cover tunnels are built quite often, since they provide a reasonable, economical
and reliable tunnel solution with a minimum risk of difficulties in terms of leakage or other
factors influencing serviceability condition and ultimate load carrying capacity.



Fig. 12. Prestressing tendons assembled in the top slab of the cut and cover tunnel

5. COVER AND CUT TUNNELS

Cover and cut tunnels are used instead of cut and cover tunnels in areas, where the limitation
of the traffic above the tunnel should be minimized. The principle of construction assumes, that
only a shallow foundation pit is excavated up to bottom surface of the top slab of the tunnel.

From that level the underground walls are built. These walls serve as definitive walls of the
future tunnel. They must be built as water resistant walls, there is no further access for
installation of any barrier waterproofing. The top slab of the tunnel is cast in the next stage on
the top of the underground walls. The top surface of the slab can be protected by a barrier
waterproofing. Finally, the construction pit can be filled with the soil and the traffic on the
surface can be renewed. The space for the tunnel tubes is excavated under the completed top
slab. The excavation works are shown in Fig. 13.

Fig. 13. Excavation works under the protection of the top slab of the tunnel
The bottom slab is cast after the excavation is completed. The detail of connection of
underground walls and of the bottom slab is very sensitive to the quality of work, so that the

water tightness of the joint was achieved. Similarly, the vertical joints between individual
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segments of underground walls are not easy to produce. The sealing may deform and then the
leakage can appear. On the other hand, this technology allows for the fastest opening the traffic
above the tunnel.

The city ring road was in some parts designed under the heavily loaded communications
with tram traffic. There was a general interest to minimize the interruption of the traffic. The
technology of the cover and cut tunnels was applied in the length of about 1.3 km. Some leakage
was observed and it had to be sealed using grouting. Also the surface of underground walls is
not very nice, the walls were lined with slabs made of precast fibre reinforced concrete.

6. LAUNCHED IMMERSED TUNNELS

The extension of the subway line C to the north from the Prague city centre required to cross
the Vltava River. On the left-hand side of the river, the HoleSovice station was already in
operation. The line C was planned to cross the river and to continue on the right-hand side of
the river to the rather steep hill to the northern territories of Prague. In the time of planning the
HoleSovice station, it was not decided, if the river crossing would be using a tunnel or using a
bridge. Its vertical position was designed allowing for both alternatives. Finally, the city decided
that the tunnel was a preferred alternative. Due to the vertical alignment of the route of the line
the tunnels were located very close to the river bed, and mining technology was not applicable.
Cut and cover tunnels became the only solution. The tender design assumed the construction of
the two independent tunnel tubes in three cofferdams, which would be subsequently built in the
river. The tunnel tubes would be divided in three parts cast in cofferdams. Such construction
was rather slow and expensive. Also, the risk of damage in case of flooding was rather high.
The team of the contractor, offered an advanced technology based on combination of launching
and floating. After winning a contract the technology was developed in details and the two
tubes, each for a single rail were built (Vitek, 2003). The construction of tunnels was completed
in 2002, and the first trains used the tunnels in 2004. Now the tunnels are 20 years in operation
without any difficulty and without any leakage. Although the tunnels are only about 3—6 m
under the river bed, it is said that they are the driest part of the entire subway in Prague.

6.1. Principle of construction

The tunnel tubes are curved in vertical as well as in horizontal direction. Therefore, they are not
able to float, they would be unstable in contrary to the immersed tunnels built at the sea
crossings. The basic idea was to use the buoyancy for reduction of the weight of the tunnels,
and then to launch the tubes from the dry dock built on the right-hand side of the river to the
trench excavated in the river bed. In order to keep the tube stable during the launching process,
the back side of the tube was supported on the 2 sliding legs and moved along the concrete
track. In front side the tunnel tube was suspended on the pontoon. The weight of the tube in dry
conditions was 6,700 tons, while when using the buoyancy the weight in the water was reduced
to about 70 tons (=1%) which made it possible to handle with the tube relatively easy.

Fig. 14 shows the dry dock with the completed tunnel tube. The dry dock was a construction
pit for the continuing cut and cover tunnels. No special excavations had to be made. At the end
of the dry dock there was a small cofferdam which prevents flooding of the dock form the river.
A similar small cofferdam was also on the other side of the river. After completion of the tube
and its closing on both ends by steel covers, the dry dock was flooded and the cofferdam could
be open. The trench in the river bed was excavated and the tube was launched to the trench.
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Fig. 14. Aerial view on the dry dock with the tunnel tube prepared for launching

After reaching its final position, the tube was supported on the concrete cross-beam which
was cast in the cofferdam on the other side of the river. The tube was in its final position, the
cofferdams were closed again, the water from the dry dock was pumped out and the tunnel tube
could be opened. The second tube was cast in the dry dock and the operation repeated again.

6.2. Casting and balancing of the tunnel tube

The tunnel tube was made of the water-resistant concrete without any waterproofing. The
casting process was developed so that cracking od concrete was minimized. The tube had a
square cross-section with outer dimensions 6.5%6.5 m. The thicknesses of the top and bottom
slabs were 0.7 m, and the thicknesses of walls were 0.73 m. The cross-section of the tube was
cast in one stage in segments of the length of 12 m. In total 14 segments were cast, the total
length of the tunnel tube was 168 m. The working joints were only vertical, between the
individual segments. A great attention was paid to the reduction of effects of heat of hydration,
so that the water tightness of the tube was achieved.

Fig. 15. A partially flooded dry dock with the tunnel tube
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The density of concrete as well as the precise dimensions were measured and the weight of
the tube was carefully calculated. In order to allow for some scatter of the results, the tube was
equipped with tanks filled with water. By adjustment of the water level in tanks, it was possible
to find a reasonable weight of the tube suitable for manipulations. Fig. 15 shows a partially
flooded dry dock with the completed tunnel tube. The tube at the end of the tunnel provides an
access into the tunnel when it was immersed in the water.

6.3. Launching process

The launching process is schematically shown in Fig. 16. The tube moved from the right (the
dry dock) to the left. On the rear part of the tunnel tube there is a couple of the sliding shoes,
which moved along the launching track. In order to keep the suspension system activated, the
braking suspension prestress the entire system. In front, the tube was pulled by two in plan
inclined suspensions. These strand units were pulled by hydraulic units located on the left-hand
side of the river. Initially the pulling strands were connected to the tunnel tube just in the very
front end. When exceeding the half of the launching distance, it was necessary to move the front
suspension point from the very front end to the point which is shown in Fig. 16, so that it would
be possible to pull the tube to the end when the front end of the tube reached the opening in the
sheet piling on the left-hand side of the river. The device called deviator moved the suspension
point from the front end the point located at about % of the length of the tube. Vertical forces
were carried by the pontoon and by the sliding shoes. 3 supporting points (pontoon and 2 lags
in the back) guaranteed a stable position and a clear distribution of load.
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Fig. 16. Scheme of the launching of the tunnel tube

6.4. Final supports of the tunnel

After completion of the launching the tube was supported by textile bags, which were filled with
flowable concrete. After hardening the tube was anchored to the river bed using micropiles. This
technology was slightly modified at the second tube. Finally, the trench was filled with the sand
and gravel, the top slabs of the tubes were in the depth between 3 and 6 m under the river bed.

12



6.5. Concluding remarks

The launching technology appeared as very successful. The good quality concrete tubes are
really watertight, the construction time was short, the tubes were completed including the final
supports in about 2 years. Nobody expected that a big flood could threat the construction. The
flood came few weeks after launching of the second tube. Fortunately, due to application of this
technology, no damages were detected. The technology also significantly reduced the
excavations and it was much more friendly to the environment, in comparison with the
technology using cofferdams in the river which was used in tender documentation.

7. CONCLUSIONS

The technologies for tunnel construction progressively develop. Czechia is not a country with
a high number of tunnels, like the Alpin countries, where the number of tunnels is much higher.
On the other hand, Czech tunnel engineers try to use the research results and experience from
all over the world and to build tunnels which are on the at least European standard and to
contribute by sometimes smaller details to the quality of the completed tunnels. The Czech
infrastructure is developing and there is a number of future tunnel projects waiting for
construction. The usually rather complex and variable geological conditions which are typical
in the Czech conditions require a thorough survey and detailed analysis before the construction
can be started.
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WHERE NEXT, MAUT?
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ABSTRACT

The MAUT Hungarian Road and Rail Society has been founded as a social-professional entity
in 1994 by the affected stakeholders of the road sector. The scope of activities has been
extended to the railway sector in 2014. The fundamental aim was to ensure that the contracts
between Client and Contractor are based on generally accepted professional regulations and
instructions. The elaboration and maintenance of the up-to-date technical regulation
framework shall be the principal common interest and task of all major stakeholders of the
road sector. With the consequent application of the well-functioning regulation system,
known and recognised by the affected and interested professional players, the tasks of
planning, investments, operation and maintenance of the road sector can be performed in an
economical, uniform, up-to-date way and in good quality.

The key activity of the Society remained unchanged in its 30 years old history: elaboration
and publishing of new and updated technical regulation documents, further the continuous
operation and maintenance of the system.

The members of the working committees who are producing the technical regulatory
documents, are selected from qualified, experienced and well-known experts of the specific
professional field in question. We make every effort to ensure representation of all major
stakeholders and players: public investment sector, authorities, scientific professionals,
planning, consulting, construction, maintenance and operation experts.

The digital version of the complete system (e-UT® Digitalis Utiigyi Eléirastar — Digital
Inventory of Regulations for Roads, started in 2009, and e-VASUT® Digitalis Vasutiigyi
Eldirastar — Digital Inventory of Regulations for Railways, started in 2017) is currently used
as a subscription-based system by more than 4000 professionals of more than 180
organizations.

Our primary intention is to provide a stable, transparent and up-to-date background and
support for all the actors of the road and railway infrastructure sectors through their
continuous activities, during the whole life-cycle of the road and railway engineering works.

Facing the challenges of the near future we are committed to the successful and effective
handling of the new issues of environment protection and awareness, sustainable
development, remunerative innovation, climate change and social responsibility.



NAGYVAROSI ELETMINOSEG JAVITASA A LEGUJABB MOBILITASI
TECHNOLOGIAK OSSZEKAPCSOLASAVAL

IMPROVING THE QUALITY OF LIFE IN BIG CITIES BY
CONNECTING THE LATEST MOBILITY TECHNOLOGIES

Uveges Péter Zoltan
Yunex Traffic Kft.
1143 Budapest Gizella ut 51-57.

OSSZEFOGLALO

Az eldadés az emberiség eldtt allo globalis kihivasok, azon beliil a kozlekedés altal okozott
nagyvarosi problémak sziikséges €s lehetséges megoldasait mutatja be, amely a kifejlesztett
legujabb telematikai technoldgiak 6sszekapcsolt alkalmazasan alapszik.

Célok a legujabb mobilitasi technologiak 6sszekapcsolasaval: élhetébbé tenni a varosokat,
ndvelni a kdzutak biztonsagat, tenni bolygonk jovojéért — klimavédelmi fellépés.

A legtjabb informatikai ¢és tavkozlési keret technologidk alkalmazdsi kornyezetével
létrehozott Gjgeneracios kornyezetorientalt forgalom menedzsment rendszer hatékonyan segiti
ezen célok elérését, mint a varosi uthalozat torlodasainak és kozlekedési kibocsatasbol
szarmazd légszennyezettségének megsziintetésére kifejlesztett megoldas. A rendszer
felépitésének, az egyes alrendszerek és alkalmazott technologidk egylittmikodésének és az
altaluk elérhetd eredményeknek az altaldnos bemutatasat kdvetden egy konkrét, valos varosi
kornyezetben 1étrejott torlodasi €s kornyezeti hatarérték tallépési szitudcionak a megsziintetését
kovethetjiik nyomon a rendszer gyakorlati alkalmazasaval.

SUMMARY

The presentation will introduce the necessary and possible solutions to the global challenges
facing humanity, including the problems caused by transport in metropolitan areas, based on
the combined application of the latest telematics technologies developed.

The objectives of combining the latest mobility technologies are: to make cities more
liveable, to increase road safety, to act for the future of our planet — climate action.

A new generation of environmentally oriented traffic management systems, using the latest
IT and telecommunications framework technologies, will effectively help to achieve these goals
as a solution to congestion and air pollution from traffic emissions on the urban road network.
After a general description of the system architecture, the interaction of the subsystems and the
technologies used and the results they achieve, the practical application of the system in a
concrete congestion and environmental limit value exceedance situation in a real urban
environment will be followed.

1. BEVEZETES

Bolygénk és az emberiség nagy kihivasok elétt all, amelyek jorészt a technoldgia alapu
civilizaciés fejlédésiink kovetkezményei: talnépesedés, felgyorsult urbanizacio, globalis
felmelegedés, globalis kereskedelmi szallitasi igények nodvekedése, digitalis adatrobbanas
miatti tarolési igények extrém novekedése és ennek kornyezeti hatasai, stb.



A kozlekedés a globalis karosanyag kibocsatas egyik jelentds tényezdje. Minden olyan 1j
technologia és az ezeken alapulé mérnoki megoldas, ami hozzajarul a kozlekedési kibocsatasok
csokkentéséhez, hozzasegit benniinket az egészségesebb ¢életmindséghez, a bioszféra és a foldi
Okoszisztéma megovasahoz, végsd soron az emberis€g hosszutava tuléléséhez. A
kornyezetvédelmi problémak gocpontjai a varosok, amelyek szdma és népessége az urbanizacid
miatt egyre csak nd. A kozlekedésbdl szdrmazd karosanyag kibocsatds a varosokban
koncentraltan jelenik meg, melynek mérséklése részben a jarmiivek alternativ meghajtod
rendszereinek (pl. elektromobilitas) fejlesztésével, részben a forgalomiranyitas hatékonyabba
tételével oldhaté meg elsddlegesen. Az eldadas a forgalomiranyitds ezirdnyu fejlesztésében
elért legtijabb eredményeket kivanja bemutatni a varosok életmindségének javitasa érdekében.

2. A TECHNOLOGIAI FEJLODES TAPASZTALATA ES KITUZOTT CELOK A
K(")ZLEKEDI,ES T’ERI"J,LE,TEN FELLEPO PROBLEMAK MEGSZUNTETESERE,
ILLETVE MERSEKLESERE

Technoldgiai fejlédésiink mara exponencidlis mennyiségli 1j technoldgiat allit eld, amelyek
valds problémékat megoldd mérndki megoldasokka konvertalasa egyre nagyobb kihivas. Az
innovéacio akkor valésul meg, amikor a kereslet és a technologiai képességek talalkoznak, erre
kell torekedniink a kozlekedés menedzsment rendszerek fejlesztésében is minél tobb j
mobilitasi technologia 6sszekapcsolasaval.

Célok a legujabb mobilitasi technologiak 6sszekapcesolasaval:

— Elhetdbbé tenni a varosokat.

— Novelni a kdzutak biztonsagat.

— Tenni bolygonk jovojéért — klimavédelmi fellépés.

3. ALEGUJABB INFORMATIKAI ES TAVKOZLESI KERET TECHNOLOGIAK

A legtjabb informatikai és tavkozlési keret technologidk, amelyek lehetdvé teszik konkrét,
valos kozlekedési problémak megoldasat:

— Felho és mikroszolgaltatasok: évente egyszeri szoftver upgrade-k helyett, felgyorsitott
fejlesztés, tobb 1j funkcio 1étrehozéasa egységnyi id6 alatt.

— Mesterséges intelligencia & adatfuzio: digitalis ikertestvér 1étrehozasa a
keresztezddések valds forgalménak megismerése, a forgalomaramlds javitasa €s a
torlodasok csokkentése érdekében.

— 535G, IoT & edge computing: az adatok, az Osszekapcsolhatosdg és a szamitési
teljesitmény biztositja, hogy az utak biztonsagat 0 szintre emeljiik.

— Scaled agility & DevOps tech stack: segitséget ad abban, hogy gyorsabban, tobb
tigyfélértékkel rendelkezd, kivald mindségii szoftvereket lehessen eldallitani.

—  Uzleti folyamatok digitalizaldsa: automatizalt {izleti folyamatok, ami tobb id6t biztosit
az ugyfélérték-teremtésre.

4. A KOZLEKEDES MENEDZSMENT PLATFORMOK INNOVATIV UJ
GENERACIOJA A KORNYEZETORIENTALT FORGALOM MENEDZSMENT
RENDSZER

A fenti keret technologidk alkalmazasa lehetové tette a kozlekedés menedzsment platformok
kifejlesztését, ami az alabbi legfontosabb jellemzokkel rendelkezik:
— A torlédasok megeldzése és proaktiv cselekvés a varhatdo vagy vératlan forgalmi
zavarok esetén.



— A kérosanyag-kibocsatas folyamatos ellenérzése és az elfogadhatd hatarértékek alatt
tartasa.

— Az 0Osszetett varosi mobilitasi kornyezet koordinalasa tobb szerepldvel, multimodalis
kornyezetben a gyors reagéalds és az Osszes Uthasznald biztonsaganak biztositasa
érdekében.

— Az lizemeltetd szakértelmére ¢és leleményességére épiilé innovativ megolddsok
tervezése, életre hivasa és kivitelezése.

4.1. A rendszer szabalyozasi és funkcionalis felépitése, a felhasznaldi igények kiszolgalasa
és modularis kialakitasa

A kornyezetorientalt forgalom menedzsment a szabdlyozdsi koér mind az 6t fazisdnak
kombinaciodja, aktiv forgalom menedzsment — zart szabalyozasi kor, sokféle bemend adat
felhasznalasaval a hatékony forgalomiranyitas érdekében az alacsonyabb kibocsatasokeért.

Az 0Osszes érdekelt fél és felhasznald (varosvezetés/hatdosagok, forgalomiranyitdé kdzpont
lizemeltetd, a  kozlekedés magan/kéz ilizemeltetdi, renddorség/tlizoltdosag/mentok,
varoslakok/turistak) igényeinek a kiszolgaldsa az Osszekapcsolt alrendszerek (jelzélampak,
tomegkozlekedés, forgalmi mérdhelyek/levegdmindség érzékeldk, VIT tablak, V2X eszkozok,
forgalmi incidensek) adatgytijtésének felhasznaldsan és vezérlésén keresztiil.

Legfontosabb jellemzobi: flexibilis, skalazhatd, testre szabhato, kiterjeszthetd, stabil,
biztonsagos, alkalmazkodo.

A platform 06sszekoti a kiilonb6z6 adatforrasokat, rendszereket €s érdekelteket. Egységes
»emberi interfész” ahonnan aktivan iranyithaté az egész haldzat, bevonhatok, integralhatok
tovabbi (al)rendszerek, mint pl. csatlakoz6 autdpalyak iranyitdsi rendszerei. ,,Zart varosi
szabalyozasi kor”-ként mitkddik a varosi uthalozat aktiv iizemeltetése érdekében. Atfogdan és
kovetkezetesen mikodd akciotervek hasznalata, kornyezeti hatadssal is szdmold
forgalomiranyitds, amely ativeli a kozlekedési rendszereket ¢és modokat, eldzetes
szimulaciokkal biztositja az optimalis stratégiat, mindezt magas automatizaltsagi szinten.

4.2. A kulcsfontossagu alrendszerek és alkalmazott technologiaik részletes bemutatasa
4.2.1. Meteorologiai és kornyezetvédelmi alrendszer

Atlathatosagot biztosit az aktualis 1égszennyezettségi és forgalmi szituacié tekintetében.

A légszennyezettségi helyzet teljeskorii attekintése korlatozott szamu levegd-mindség
érzékelo hasznalata mellett is lehetséges. A varosi uthalozat valos idejii levegdmindség térképét
tobb szintli meteorologiai modellek allitjak eld. Az emisszids modell a kiillonb6z6 jarmitipusok
¢s motortipusok CO2- és NOx-kibocsatasat képezi le és validalja az érzékeldk adataival
Osszevetve, a diszperziés modell pedig az emisszios modell adatainak felhasznalasaval a
szennyezO anyagok térbeli eloszlasat a foldi validacio, a szél és a topografiai adatok alapjan
jeleniti meg egy térképi feliileten.

Mivel minden varos uthaldzata topografiai adottsagai, beépitettsége ¢s meteorologiai mikro
kornyezete kiilonbozd, ezért a meteoroldgiai alrendszer altal eldallitott 1égszennyezettségi
térképhez a meteoroldgiai modell kalibralasa egy rendkiviil 6sszetett tobb honapos folyamat.
Hatalmas mennyiségii részletes adatgytiijtést igényel a begytijtott historikus adatok korrelacios
elemzésével, melynek segitségével az iddjaras és a forgalmi viszonyok egyiittes egymasra
hatasai alapjan megallapithatoak azok a varosi gocpontok, ahol nagy a valoszinlisége a
kornyezeti hatarérték tallépések kialakuldsanak.



Az alrendszer fentiek szerint biztositott output adatai teszik lehetové a kozlekedési
kibocsatasok befolyasolasat forgalmi intézkedésekkel a Iégszennyezettségi hatarértékek
betartasa érdekében.

Az utvonalak aktiv befolyasoldsa jelz6lampak (intelligens kapuzas), VIT kijelzék ¢és
utvonalajanlasok segitségével torténik meg a kibocsatasok alacsony tartoményban tartasa
érdekében.

Az alrendszer legfontosabb jellemz6i és elOnyei:

— az észlelt kornyezeti és kozlekedési helyzet attekintése €s ellendrzése, 1€gszennyezési

kiiszobértékek tullépése esetén az ellenintézkedések megtétele,

— atlathatdsag a teljes halozaton, teljeskorii levegd-mindség érzékeld lefedettség kiépitése

nélkiil is,

— aforgalom-eldrejelzéssel és a szitudcidkezeléssel elkeriilhetd a kiiszobértékek tullépése,

— alevegdmindség javitasa a torlodasok elkeriilésével az utazok utvonaltervezése altal.

4.2.2. Digitalis ikertestvér alrendszer

A digitalis iker a valds vildg infrastruktirdjanak, rendszereinek és folyamatainak virtualis
reprezentacidja, ahol a reprezentacid szinkronban van a valos vilaggal.

A digitalis ikertestvér szamos folyamatlépésben helyettesitheti a valds rendszereket a
hatékonysag novelése vagy olyan miiveletek elvégzése érdekében, amelyek a valds vilagban
nem lennének lehetségesek.

A digitalis ikertestvért 1étrehozd tobb rétegli szoftver rendszerek segitségével leképezhetd
egy varos komplett uthalozata és annak forgalomtechnikai kialakitasa, megtervezhetdk,
tesztelhetok és optimalizalhatok az 0 uthdlozati elemek, jelzéstervek, tomegkozlekedési
vonalak és ITS-stratégiak (6nalldan és a forgalom menedzsment rendszerbe mélyen integralva
is, pl. a prediktiv reagdlasi tervek értékeléséhez).

Alkalmazéasa lehetdséget ad Osszetett forgalomtechnikai feladatok megoldasara és a
multimodalis halézat miikodésének optimalizalasara, kiilonosen akkor, ha a kapacitasbdvités
korlatozott. Tovabba eldsegiti a tervezési szabalyoknak valdo megfelelést és a kozlekedési
intézkedések hatasainak megértését komplex tervezési feladatokon keresztiil.
jovobeli mobilitasi mintdknak az egyéni igények és a rendelkezésre allo vérosi szintli
kozlekedési lehetéségeknek a pontos 4abrazolasaval. Osszekapcsolva a  kdzponti
forgalomiranyitds forgalmi adatgy(ijté rendszerével, a valés idejli forgalmi adatok
felhasznalasaval lehetévé teszi a kozlekedés menedzselését nagy teriiletek valos idejli
viszonyokat, torlédasokat, miel6tt azok kialakulnanak. Emellett segit Gsszehasonlitani és
rangsorolni a torlodaskezelési stratégidk hatasat.

4.2.3. Kozponti forgalomiranyité és forgalom menedzsment alrendszer

A kozponti forgalomirdnyitd és menedzsment alrendszer lehetévé teszi egy teriilet Gsszes
jelzélampajanak vezérlését kiillonbozo interfészszabvanyok segitségével, biztositja a forgalom
folyamatos aramlasat, lehetévé teszi a kozlekedési jelzések tervezését, konfiguraldsat és
vezérlését egyetlen felilleten ¢és zOkkendmentes munkafolyamatokkal. Emellett a
forgalomirdnyitasi rendszerelemek meghibdsodasa esetén azonnali részletes informacidkat
biztosit az lizemeltetés szamara a hibak miel6bbi elharitasa érdekében, ezzel leroviditve a hibak
miatti balesetveszélyes allapotot, jelentdsen javitva az altalanos forgalombiztonsagot.

Az alrendszer legfontosabb jellemz6i és elOnyei:

— nagyfoku kompatibilitas és egységes vezérlérendszer,
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— nagyteljesitményl kdzlekedési infrastruktira,

— intuitiv z6ld hullam és kozlekedési jelzélampa jelzés optimalizalas,

— lehetdvé teszi a V2X alkalmazasokat,

— biztonsagos naplozas €s dokumentacid, valamint a sziikséges historikus adatok gyors
atadasa.

4.2.4. Halozatba kapcsolt mobilitas (V2X) CMS alrendszer

Az uthalézatok digitalizaldsa fontos a gazdasagi ndvekedés és az életmindség szempontjabol.
A jarmiivek Osszekapcsolasa egymassal és az infrastruktirdval lehetdvé teszi a varosok
szdmara, hogy minden eddiginél pontosabban és hatékonyabban kezeljék kozlekedési
halézatukat, amely a forgalmi dugoék, a balesetek ¢és a karosanyag-kibocsatas jelentds
csokkenésével jar.

A héldzatba kapcsolt mobilitas (V2X) lehetové teszi, hogy a jarmiivek kommunikaljanak az
infrastrukturaval, ezaltal noveljék a biztonsagot és a hatékonysagot. Mivel minden jarmi és
infrastrukturalis rendszer Osszekapcsolodik egymadssal, igy a csatlakoztathatosag pontosabb
adatokat szolgaltat a forgalmi helyzetrdl és lehetdvé teszi a kétirdnyu kommunikaciot.

A haldzatba kapcsolt mobilitasi rendszer harom alapvetd rendszerelembdl épiil fel.

Az OBU2X a jarmiivek fedélzeti egysége, amely egyrészrdl folyamatosan adatokat sugaroz
a jarmi helyzetérdl, mozgasi irdnyardl, sebességérol és a jarmi kategoria besorolasardl (ezzel
lehetdséget adva az uthaldzati forgalom teljes részletességli elemzésére is), masrészt adatokat
fogad az RSU2X utmenti egységektol.

Az RSU2X utmenti egység az Uthalézaton meghatarozott siirliséggel és eloszlassal
kihelyezett kommunikacios eszkdz, amely egyrészt fogadja a hatokorzetében jelenlévd
jarmiivek adatait és tovabbitja a forgalomiranyitd koézpont CMS moduljanak, masrészt
kiilonbo6z6 tipusu iizenetek formajaban forgalombiztonsagot és az optimalis haladast el0segitd
informaciokat sugaroz az egyes jarmiivek szamara, amelyeket a CMS modultdl kap.

CMS2X kozponti modul adatokat cserél és konvertal az itmenti egységek (RSU2X) és mas
kozponti forgalomiranyitasi modulok kozott. Ez lehetévé teszi, hogy az olyan kodzponti
modulok, mint az eseményinformaciok kezelése, az utazasi id6 és a forgalmi adatgylijtd
rendszerek hasznalhassak a V2X-funkcidokat. A CMS feliigyeli és kezeli az RSU2X-kat is.

A haélozatba kapcsolt mobilitasi (V2X) rendszer a kdzponti forgalomirdnyitast olyan
koradbban elérhetetlen informacidkkal latja el az uthalozaton kozlekedd forgalomrol, amely
lehetdvé teszi a halozat minden pontjan a forgalom teljes részletességli detektalasat és elemzését
a megfeleld forgalomiranyitési stratégidk kialakitasa és a halozati optimum elérése érdekében.
Emellett biztositja, hogy a kozpontban rendelkezésre all6 informaciokat (pl. balesetek,
utlezarasok ¢és forgalomkorlatozasok, veszélyhelyzetek, parkolasi informdaciok, stb.)
kozvetleniil az egyes jarmiivek fedélzetére eljuttassa.

5. VALOS VAROSI KORNYEZETBEN LETREJOTT TORLODASI ES
KORNYEZETI HATARERTEK TULLEPESI SZITUACIO MEGSZUNTETESE A
KORNYEZET-ORIENTALT FORGALOM MENEDZSMENT RENDSZER
ALKALMAZASAVAL

Az elézéekben bemutatott alrendszerek egyiittmiikddése teszi lehetdvé a kdrnyezetorientalt
forgalom menedzsment rendszer miikodtetését.

Mindez a gyakorlatban a kovetkezOképpen zajlik:

A forgalomiranyit6 kozpont operatora egy térképi feliileten kdveti nyomon a feliigyelt varosi
uthalozat forgalmi helyzetét, illetve annak egy potencidlis gdcpontjat, ahol egy kialakuloban
1év6 torlodast észlel. A pillanatnyi forgalmi adatok a kdzponti forgalomiranyitd alrendszerbdl
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(az adott uthaldzati rész relevans forgalmi mérdhelyeitdl), illetve a haldzatba kapcsolt mobilitas
CMS alrendszerébdl (a relevans RSU-kon keresztiil az egyes V2X képességgel rendelkezd
jarmuvektol) érkeznek. A kornyezetorientalt forgalom menedzsment rendszer térképi feliiletén
a valés id6ben beérkezd forgalmi adatok alapjan az tthaloézat egyes szakaszain a
forgalomdenzitds mértéke szinekkel keriil abrazoldsra. A szabad forgalomaramlas zold, a
lelassult sarga, a torlddo piros szinnel.

Az operator a digitalis iker alrendszer segitségével lekérdez egy pl. 30 perces elorejelzést az
uthalozatnak erre a részére vonatkozoan, ami a pillanatnyi forgalmi adatokbdl eldallitja a 30
perccel késobbi allapot forgalmi denzitisat, ami ténylegesen az Uthéaldzat tobb szakaszara
kiterjedd torlodast mutat.

Az eldre jelzett forgalmi allapot nézetbdl az operator atvalt egy gombnyomadssal a kdrnyezeti
hatarérték allapot nézetre, ami szintén szinekkel mutatja be az egyes utszakaszokon a
1égszennyezettség mértékét. A kornyezeti hatarérték tullépés piros, az ahhoz kozeli helyzet
sarga, a normdl hatarérték alatti allapot z6ld. A koérnyezeti hatarérték allapot adatai a
meteoroldgiai alrendszerbdl érkeznek. Mivel az eldrejelzés alapjan tobb szakaszon is hatarérték
tullépés keletkezne, ezért a beavatkozas mellett dont.

A forgalomiranyitdé kozpont eldkonfiguralt beavatkozasi terveibdl kivalaszt kettét, hogy
Osszehasonlitsa ket egymassal és azzal a helyzettel, hogyha egyaltalan nem avatkozik be. Ezt
a haromféle beavatkozasi forgatokonyvet a digitdlis iker alrendszer azonnal leszimulalja és
kiértékeli néhany eldre definidlt KPI paraméter alapjan. Ezek a KPI-k lehetnek példaul: utazasi
1d6 novekedése (%), a tomegkozlekedés utazasi idejének ndvekedése (%), haldzati forgalom
ateresztd képesség (jarmii’h), halozati atlagsebesség (km/h), haldzati utazasi id6 (sec/km),
halézati forgalom striiség (jarmii/km), stb. Ezutan a harom forgatokonyv kozil a
szamszerisitett 6sszehasonlitas alapjan kivalaszthato a legkedvezObb helyzetet eredményezd
beavatkozasi forgatokonyv, amelyet gombnyomasra el lehet inditani.

A kivélasztott beavatkozasi forgatokonyvet ezutan a forgalomirdnyitdo kozpont szoftver
rendszere automatikusan végrehajtja a sziikséges jelzdlampa programok egyideji
modositasaval.

Végiil a térképi megjelenitd felilleten az operator ellendrizni tudja a végrehajtott
beavatkozasi forgatokdonyv nyoman eldallt valds helyzetet.

6. KOVETKEZTETESEK

A bemutatott kornyezetorientalt forgalom menedzsment rendszer jo példaja a kiilonbozo
mobilitasi technologidk Osszekapcsolasaval Iétrehozhaté komplex rendszereknek, amely
miikodésével valos kézzelfoghaté eredményeket produkal a kozuati forgalom altal okozott
légszennyezettség mérséklése érdekében, ezzel jelentésen hozzdjarulva a nagyvarosi
¢letmindség javitdsdhoz.

Az Osszekapcesolt technologidk alkalmazéasaval 1étrehozott komplex rendszerekkel olyan
tobblet képességeket hozhatunk Iétre, ami tGlmutat az egyes technologidk ©nalld
alkalmazasabol szarmazd képességeken. Ezért ezen rendszerek esetében kiilondsen
elmondhatjuk Arisztotelész szavaival élve, hogy ,,az egész tobb, mint a részek Gsszessége”.



GREEN AND INNOVATIVE APPROACH TO A NEW GENERATION OF
ASPHALT PAVEMENT CONSTRUCTION
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SUMMARY

In Slovakia, semi-rigid asphalt pavement constructions are still prevalent in new road
constructions (highways and expressways). This is due to the high mechanical efficiency of
hydraulically bounded base courses as compared to unbounded base courses — case of the
flexible asphalt pavement construction. Lower mechanical efficiency of unbounded base
courses automatically leads to economically less favourable design of pavement construction
based on dimensional calculations. Substantial and decisive problems with later reflective
cracks appearing on the surface of semi-rigid asphalt pavements are underestimated and later
maintenance costs are not considered in the design phase. For the wider use of flexible
pavement constructions in the construction of new roads, one of the options is to increase the
design parameters of the unbound base course. From our own experience, we can recognize
that by optimizing the grain size distribution of the unbound base course, it is possible to
achieve significantly higher values of the design parameters. The way to do this is, on the one
hand, the optimal combination of aggregates and the optimum aggregate parameters in the
fractions and, on the other hand, the effect of the pozzolan reaction with the volcanic crushed
aggregate.

After verifying the theoretical assumptions in the laboratory, it was very important to verify
the material in the layer built by real construction technology in a real road construction. Based
on experimental experience both from the laboratory and from the building site we deduced
modules elasticity for pavement design purposes.

1. OBJECTIVES AND SCOPE OF WORK

The main goal of presented solution is to find the way to increase the mechanical efficiency of
the unbound base course for flexible asphalt pavement toward better technical-economic
benefits. The strength of base course is achieved partly by mechanical skeleton of the structure
and partly by natural bonding of selected aggregate and bond activator.

The Optimisation Development Program of mechanically strengthened base course (MSB)
was designed over a two-year period in the following areas:

- Theoretical background of research, determination of research objectives, consultations with
experts.

- Evaluation of the pozzolan activity of the dust component of the selected aggregate.

- Selection of material components, optimization of grain size distribution.

- Initial type test for optimized mechanically strengthened base course.

- Verification of the realisation possibilities — building of test section using optimized MCSB
as base layer.

- Evaluation of the bearing capacity of existing pavement sections using FWD, where the base
course is MCSB-TPA.



- Evaluation of the load-bearing capacity of the built-in optimized MCSB layer expressed by
static modulus of elasticity (static load test) and dynamic modulus of elasticity (FWD).

- Analysis of the material during the preparing, mixing, and construction of the developed
base course.

2. METHODOLOGY

2.1 Selection of Aggregate

For the research purpose, two quarries “Pohranice” and “Vtacnik” were selected, the aggregate
of which assumed pozzolan reactivity. During the research process, the investigation of the
aggregate from the quarry “Pohranice” was cancelled due to lack of pozzolan potential. For the
investigation of the pozzolan reactivity we used modified Frattini's test, which is performed on
the particle dust component of the stone material.

Calcium Hydrate was used as the activator of the pozzolan reaction. Limestone hydrate is
produced by the hydration of high-quality lime. Its advantage is the possibility of its immediate
use because it is volumetric stability.

2.2 Frattini’s Test

The pozzolanic reaction is identified as the loss of lime from the reaction mixture containing
the test material, water and lime. On this basis, Frattini proposed the original test consisting in
the reaction of a mixture of 20 g of pozzolan in 100 ml of water left at 40 °C for eight days and
the final determination of total calcium and free alkalinity. The position of the so-called
figurative point on the diagram of total calcium concentrations versus total alkalinity, either
below or above the solubility curve of calcium hydroxide, made it possible to decide whether
the pozzolanic reaction had taken place.

A sample of the aggregate dust component (0—0.063 mm fraction) was taken from the
Vtacnik quarry to determine the pozzolanic activity. The aggregate is of volcanic origin
(andesite), it meets the assumptions for the pozzolanic reaction. The aggregate dust component
was separated by sieving on a 0.063 mm sieve from the 0—4 mm fraction.

2.3 Proposals for the mix composition of mechanically strengthened aggregate (MSB)

Based on the grain size distribution of individual aggregate fractions was created an initial
design of the mechanically strengthened aggregate MSB A (Version A) in order to fit
granularity limits according to STN EN 13285. During this research program in the TPA
laboratories were made many different versions of optimized MCSB mixtures in order to find
the best combination.

3. LABORATORY RESULTS

3.1 Immediate bearing index IBI

Several tests were executed during the research, the purpose of which was to gradually optimize
the composition of the final mixture and to evaluate its parameters, especially in terms of
bearing capacity (Fig. 1).
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Fig. 1. Test specimens (left — IBI test, right — compressive strength test)

It has been sufficiently demonstrated, how much influence on the bearing capacity cause
adding the activator to the mixture, since mixtures without activator have not shown any
increase in bearing capacity over time, expressed by the IBI parameter (Fig. 2). In contrast, the
IBI parameter increased with the added activator mixture over time. Adding the activator to the
mixture increases the IBI bearing capacity parameter immediately after sample production; IBI
values for MCSB mixtures with activator added immediately after manufacture ranged from
240% to 340%. For comparison, the same mixture without activator addition achieved IBI
values in the range of 150% to 200%.
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Fig. 2. IBI test of various MCSB mixtures with different % of activator (Laboratory results)



3.2 Compressive Strength — Laboratory Results

The bearing capacity expressed by the IBI parameter were already so high in the 7-day samples,
that the samples were more suitable for compression strength test according to EN 13286-41.
Based on the values of the compressive strength results of the tested samples, the theoretical
curves of the increase in compressive strength over time were drawn. These theoretical curves
of the increase in compressive strength over time of the MCSB are similar by its character to
the curves of the compressive strength of the concrete, respectively CBGM (Cement Bound
Granular Mixture).

The dose of activator in the mixture was reduced from 3% to 1% during the research, making
later versions of MCSB more economical. This reduction of the dose did not occur by reducing
the strength of the samples.

Optimization also took place on the aggregate selection; two fractions of coarse aggregate
from the quarry “Pohranice” were replaced by the aggregate from the quarry “Vtacnik”.

The laboratory results of the compressive strength of the MCSB mixtures showed an increase
over time for all variants of the mixture (Fig. 3). The 28-day compressive strength for MCSB_A
and MCSB_C has reached 3 MPa on all test samples, and with increased humidity even up to
4 MPa. Satisfactory results were also achieved at 7-day strengths, especially when MCSB_C
has a faster start of 7-day strength thanks to a smaller maximum aggregate grain.
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Fig. 3. Compressive strength of various MCSB mixtures (Laboratory results)
3.2 Bulk density of the mixture

The range of bulk density of the mixtures with added activator was from 2300 kg/m’ to
2350 kg/m®.

3.3 Modulus of elasticity

Semi-rigid pavement constructions are commonly designed and successfully implemented in
various climatic conditions all over the world. However, they have their own laws which require
a special approach in the process of designing the pavement structure and also in the process of
manufacturing and processing the building mixture. In the design phase of a semi-rigid road
design, there are basically three possibilities of the hydraulically bound layer behaviour in the
pavement structure, which is mainly the result of a later maintenance method. Taking into



account the prevailing types of pavement structures in individual countries, we can distinguish
the concept of pavement design with low-tensile strength bonded layer (7-day strengths are less
than 2 MPa, the modulus of elasticity is between 1,000 MPa and 2,000 MPa), for example
Switzerland; with a medium-tensile strength bonded layer (7-day strengths are between
2.5 MPa and 4.5 MPa, modulus of elasticity from 7,000 MPa to 10,000 MPa), for example Italy;
and with a high-tensile strength bonded layer (7-day strengths are greater than 10 MPa, the
modulus of elasticity is from 15,000 MPa to 30,000 MPa), for example France. The most
widespread method of designing a semi-rigid construction of asphalt pavements considers both
bonded layers (asphalt and hydraulically) to the bending stiffness of the pavement. In the design
concept, an important (economical-technical) criterion is the copying (reflection) of thermal
cracks from the bonded layer to the pavement surface. Reflex cracks can be delayed by selecting
a hydraulic binder, by combining layer thicknesses, or simply by accepting these cracks and
systematically treating them for pavement life. In Slovakia dominates the design concept of the
bonded base layers with lower strengths and elastic modules with overlap of these layers by a
relatively thick asphalt layers to delay the cracking time.

In the case of MCSB_A, the elastic modulus according to STN EN 13286-43 was laboratory
tested by an external TSUS laboratory. The modulus of elasticity of MCSB_A was 1,000 MPa.

4. REALISATION

In the second half of year 2018, the construction of new airfields of Prievidza Airport was
carried out by STRABAG operational units. In cooperation with the designer, the originally
considered CBGM as a base layer was replaced by MCSB D (also called MCSB-TPA,
Mechanical-Chemical Strengthened Aggregate — TPA) at the same thickness. During the
construction, approximately 4,700 m?® (10,900 tons) of the MCSB-TPA mixture was laid on all
areas of “Prievidza” Airport (Fig. 4).

Fig. 4. Laying of MCSB-T. PA base course ( “Prividza ” Airport



4.1 Parameters of finished layer

During and after the realisation of construction works on the airfield’s areas of “Prievidza”
Airport, several tests were carried out to determine the strength and elastic characteristics of
the MCSB-TPA base layer. Test samples were taken to determine compressive strength and
FWD measurement of elastic parameters of pavement layers were executed (Fig. 5).

PAVEMENT
DIAGNOSTIC

Fig. 5. FWD measurement (“Prievidza” Airport)
4.2 Compressive strength — “Prievidza” Airport

Test samples for compressive strength test were manufactured from mixture taken directly
from trucks on the building site. In this case, also 1-day compressive strength was determined.
It was achieved a value of 2.5 MPa, which means that a significant increase in compression
strength is performed in the first 24 hours after laying the mixture.

28-day compressive strengths reached 6.2 MPa, which means a considerable difference
over the compressive strengths measured in laboratory conditions (Fig. 3).

4.3 Elastic modulus of the pavement layers based on FWD measurements
Elastic Modules were calculated from road surface deflection measurements using the

Dynatest 8012 FastFWD. From back-calculation, a modulus of elasticity was determined for
the MCSB-TPA base layer in the range of 1,000 MPa to 1,600 MPa (Figures 6.a and 6.b).
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Fig. 6. Results of FWD measurement and back-calculation (RWY, lane 2, Prievidza Airport)

5. CONCLUSIONS

From the results of the material tests in the laboratory and field tests made on the construction
of real site, the hypotheses on the possibility of designing the material for pavement base
course, which design parameters (modulus of elasticity) are between the mechanically
strengthened aggregate (MSB) and the cement bound granular mixture layer (CBGM), were
confirmed.

In addition, it is also possible to fine-tune the mechanical parameters of the base layer
according to the designer's intention and the type of aggregate, which is locally available
through experimental design of the composition of the mixture in the laboratory.

A substantial part of the stiffness of the base course is obtained from the skeleton of the
aggregate, but to the stiffness also significantly contributes the pozzolan bonding.

It looks realistic that the MCSB (Mechanical-Chemical Strengthened Base) layer can
replace the use of mechanically stabilised layers as well as hydraulically bounded layers on
Slovak motorways.

In the case of innovative solutions, it is typical that these are not yet captured in standards
and technical regulations, making it difficult to use them in practice. By legalizing the
solution, however, the author of the solution loses the market advantage. In our case, we have
proceeded to 'legalize' this layer for implementation on national roads by a technical
assessment by a notified body.
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RESEARCH AND DEVELOPMENT IN THE CONSTRUCTION
INDUSTRY FROM A SOCIALLY RESPONSIBLE PRESPECTIVE
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SUMMARY

Construction has seen little change over the past 150 years leading to declining productivity,
and challenges such as a shortage of skilled labour as well as climate change. Traditional
construction methods cause significant environmental impacts. The EU's Green Deal and
STRABAG's strategic climate neutrality goal highlight the necessity for sustainable digital
construction practices. Digitalisation and sustainability are synergistic: more efficient
construction processes and reduced resource usage are enabled by digital technologies, as well
as new building materials and methods. With approximately 400 current development projects,
STRABAG significantly promotes innovation with people remaining central to the success of
these developments. Additionally, modular construction has the potential to be a true game-
changer in the construction industry. It offers considerable ecological and economic benefits
but requires measures for broader societal acceptance.

1. RATIONALE

For more than 150 years, construction has not experienced any fundamental changes. While
machinery on construction sites has reduced the amount of manual labour, labour-intensive
methods such as brick laying and in-situ concrete construction continue to dominate individual
building projects. Compared to other industries, the construction sector has seen a steady
decline in productivity for decades (Fig. 1). Additionally, a shortage of skilled labour, raw
material scarcity, and supply chain issues exacerbate these challenges. From an economic
perspective alone, these factors justify significant investments in research and development
initiatives to make construction future-proof. However, the challenges of climate change
significantly increase the urgency for action. The global construction industry, with its
conventional methods, is responsible for 40 to 50 percent of today's energy and resource
consumption, 60 percent of worldwide transport, 40 percent of current waste generation, and
38 percent of all energy-related greenhouse gas emissions. Therefore, making construction
more sustainable and digital, and in some parts rethinking it entirely, is a societal obligation.

As part of its Green Deal, the European Union has set the goal of achieving climate neutrality
by 2050 (European Commission, 2019). Accordingly, regulations and directives are rapidly
being implemented that will directly impact industry, especially the construction sector. In
response, STRABAG, as part of its company-wide Strategy 2030, has committed itself to
achieving its own climate neutrality by 2040.
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Fig. 1. Globally, labour-productivity growth lags behind that of manufacturing and the total
economy, (Barbosa F. et al., McKinsey & Company, 2017).

2. SUSTAINABILITY AND DIGITALISATION — NO CONTRADICTION

Sustainability and digitalisation are less a contradiction and more a synergy. Digitalisation in
construction is crucial for implementing sustainability and achieving climate goals. Without
digital technologies, methods, and ultimately high-quality data, it will not be possible to make
the planning, execution, and operation of buildings more efficient, and thus more sustainable.
Digitalisation enables optimised construction and management processes and, therefore, the use
of fewer resources. Digital models refine planning in its early stages, create transparency, and
provide the necessary data basis to evaluate and optimise material selection, procurement,
manufacturing, and logistics processes so enabling improved sustainability and cost saving
throughout the entire construction process. Conversely, the sustainability of digitalisation offers
an equally necessary limitation. The well-known quote by Deutsche Telekom CEO T. Hottges
(2015): "Everything that can be digitised will be digitised. And everything that can be
networked will be networked. This applies to people, machines, and products alike" will also
apply in the construction industry, potentially increasing resource- and energy consumption
without sustainability constraints. Moreover, productivity increases associated with the
digitalisation and automation of construction processes will also economically support the
argument for increased sustainability. Sustainability in construction will not establish itself in
the mid- and long term unless these changes also make financial sense.

3. RESEARCH AND DEVELOPMENT — LIFECYCLE ORIENTATION

The message about the need to modernise construction, and the associated business potential
which comes with this modernisation has also reached global hardware and software industries.
In recent years, as an industry, we have been faced in recent years with a steadily growing
number of new market products and methods. Many of these originate from the professional
fields of BIM, sensors, robotics, cloud services, or Al, to name a few. For a diversified company
like STRABAG, it is essential to maintain an overview of all these market developments, and
centrally steer the multitude of its own R&D activities. To achieve this, STRABAG Innovation



& Digitalisation (SID) was founded in 2020. SID enables the establishment and
implementations of company-wide innovation projects and comprising of approximately 400
experts in digitalisation and sustainability.

The vast majority of STRABAG's innovation projects focus on the core business of planning,
constructing, and operating building structures. However, the methods and tools being tested or
developed often target specific tasks within individual trades, such as scheduling in construction
or surveying in pipeline construction. While these incremental improvements, by definition, are
not innovations, they have been and will continue to make valuable contributions to advancing
construction. Their potential for significant changes, whether in terms of sustainable
construction, substantial efficiency gains, or even new business models, is nevertheless limited.
Achieving such changes requires broader considerations spanning entire process chains and
involving multiple trades and phases of a construction project, up to a multi-project perspective
(think Urban Mining —valuable materials from old buildings and infrastructure for reuse in new
construction projects.).

Current Digitalisation Application

DECONSTRUCTION DESIGN
Material Database, Building Information
Life Cycle Passport Modeling (BIM)

PRODUCTION
Design to Production
Preconstruction
!
USAGE
Energy Ct'Jns.umption CONSTRUCTION
Monitoring Energy Management

Mobile Applicatons,
Robotos, Drones

Fig. 2. Schematic Diagram of a Construction Project Lifecycle (Wall, J., Dallinger, C.,
Trauninger, D., 2023)

Innovating around the lifecycle of a construction project has proven to be practical (Fig. 2).
In depth examination within this lifecycle reveals preceding and subsequent sub-processes that
need to be interconnected. Often, these considerations serve as starting points for further
developments and innovations. Comprehensive assessments enable the development of data-
driven processes, allowing data from the planning phase to be utilized during manufacturing in
the factory, and during construction on-site. This requires seamless integration of workflows
and tools, resulting in consistently available and analysable validated data (think Big Data).
Cloud-enabled software products with open data interfaces (APIs) are becoming indispensable.
STRABAG already extensively implements API-capable software, and API capability is a key
objective of the corporation's digital and data strategy, and a major factor in shaping the
selection of future software products, and partners (Sprenger, W., Schley, F., Hoffmann, J.,
2023).



4. THE HUMAN FACTOR

The challenge in digitalization is less technical and more human in nature. If employees are not
on board, feeling involved as active participants in the change, even the best developments
won't succeed in the real construction world. STRABAG has also faced these challenges and
learned significantly in recent years. Through two internal programs, ideas@strabag and
AdASTRA, employees at all levels can contribute innovative ideas that either improve their daily
work or offer creative approaches for new initiatives. These ideas are picked up, evaluated for
feasibility, and integrated into development projects. The idea generators themselves are part
of interdisciplinary development teams. Management must not only allow employees to come
up with ideas, but rather actively encourage it, and demonstrate this encouragement through
open communication. Failures, which are integral to any innovation process, should be viewed
as learning opportunities and thus gains. This mindset, fundamentally at odds with
construction's focus on risk avoidance in the pursuit of robustness and safety, must be nurtured.

Once brainstormed ideas evolve into development projects with initial outcomes, the work
has usually just begun. Results are tested through Proof of Concept (PoC) phases and
subsequently in pilot projects within real project environments. These tests require close
monitoring, involving on-site technical expertise, and change management. They uncover not
just technical aspects needing improvement but also the impacts these innovations have on
employees in their daily tasks. Developments which directly enhancing an employee's work
routine generally gain acceptance quickly. Challenges arise, however, with innovations
affecting individual roles and responsibilities, where tasks shift to others or machines, with
benefits manifesting in subsequent processes or overall outcomes. Clarifying the "why" is
crucial here, thus highlighting the vital importance of professional change management, and
effective communication.

Ultimately, humans are at the core of innovation and change processes in construction and
will remain so. The right mix of creativity, leadership by example, collaboration, and
adaptability is crucial for successfully implementing innovations and ensuring long-term
success. As part of its 2030 strategy, STRABAG deliberately prioritizes the human element.

5. MODULARITY - THE FUTURE OF CONSTRUCTION

The concept of modular construction refers to a method where buildings are predominantly
made from prefabricated modules, designed and assembled off-site. These modules are
produced serially in decentralized factory environments by specialized teams, pre-assembled
there, transported to the construction site, and then final assembled on-site. The size of the
modules varies but is primarily limited by their transportability and assembly capability (Fig. 3).
Modular construction offers numerous advantages over predominantly individual, mostly
manual on-site manufacturing, including faster construction times with less noise pollution on-
site, cost-efficiency, high execution quality, and a proactive solution to the skilled labour
shortage in construction. Given the increasing urbanization and resulting demand for affordable
housing, the importance of modular construction will significantly grow in the future. While
the concept of industrially manufactured buildings in series is not new, this renaissance will
also contribute significantly to the sustainability of this building method. Modular construction
is dismountable and reusable, making it resource efficient. Planning and manufacturing data
essentially provides the dismantling instructions. Used modules can be dismantled at the end of
a building's life, recycled into their base materials, or upcycled for reuse. Additionally, less
waste is generated during factory production compared to conventional construction sites. As
already stated above, the construction industry is responsible for up to 40% of global waste; the
increased use of modular construction has the potential to reduce this figure significantly.
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Fig. 3. Isometric representation — Modular construction principle in residential construction
(STRABAG AG, 2024)

Regarding environmental responsibility, 20-50% of total building lifecycle emissions are
attributable to the construction phase and later demolition. Therefore, the environmental
advantages described for modular construction address critical areas, although not the
significant factor of client’s aesthetic preferences and individual requirements. Prefabricated
construction often suffers from a negative image in Central Europe, partly due to monotonous
prefabricated panel housing estates on urban peripheries. However, digitalization now offers a
tangible opportunity to achieve modular construction with a significantly higher degree of
individuality. Using algorithm-based Generative Design, prefabricated building kits can be
more extensive yet manageable in planning. The resulting model data (digital twins) allow



customers to experience and actively participate in shaping the building in earlier planning
phases. The combination of digitalization and modular construction thus presents an
opportunity to disrupt the construction industry in positive way.

6. CONCLUSIONS

Given stagnating productivity and significant environmental challenges, it is essential to
modernise the construction industry, and in some areas, even fundamentally rethink it. With its
Strategy 2030, STRABAG focuses on digitalised construction processes, new materials and
methods, as well as more efficient resource utilisation. Modular construction has the potential
to be a game changer for the industry. Generative design enables an unprecedented level of
adaptability to individual customer requirements, which will hopefully make modular
construction more widely accepted than ever before.

The human factor remains central: the involvement and active participation of employees
are crucial for the success of innovation processes. At the same time, courage is required to
embrace change and explore new paths. This courage to innovate is indispensable for achieving
long-term success and driving transformation in the construction industry.

7. REFERENCES

Barbosa, F., Woetzel, J., Mischke, J., Ribeirinho, M. J., Sridhar, M., Parsons, M. and Bertram,
N. (2017), “Reinventing Construction: A Route to Higher Productivity”, McKinsey &
Company. Available at:
https://www.mckinsey.com/~/media/McKinsey/Business%20Functions/Operations/Our%?2
Olnsights/Reinventing%?20construction%20through%20a%20productivity%20revolution/
MGI-Reinventing-Construction-Executive-summary.pdf

European Commission (2019), “The European Green Deal”, p. 5. Available at:
https://ec.europa.eu/info/sites/default/files/european-green-deal-communication_en.pdf

Sprenger, W., Schley, F. and Hoffmann, J. (2023), “BIM und Datenintegration”, In: Hofstadler,
C., Motzko, C. (eds) Agile Digitalisierung im Baubetrieb. Springer Vieweg, Wiesbaden.
https://doi.org/10.1007/978-3-658-43247-8 11

Wall, J., Dallinger, C. and Trauninger, D. (2023), “Digitalisierungsprozesse fiir die
klimaneutrale Baustelle”, In: Hofstadler, C., Motzko, C. (eds) Agile Digitalisierung im
Baubetrieb. Springer Vieweg, Wiesbaden.
https://doi.org/10.1007/978-3-658-43247-8 33




PROGRAM
2024. oktober 1. (kedd)

9:00-9:05 Koszonto )
Nyiri Szabolcs, elnok, MAUT

9:05-9:15 Miniszterhelyettesi kdszonto
Csepreghy Nandor, miniszterhelyettes,
EKM

1. SZEKCIO - Szabalyozas
Szekciovezeto: Dr. Michael Rohleder (D)
Tars-szekciovezeto: Bortei-Doku Shaun (HU)

9:15-9:55 Szal§politikai6sszefijggések
Bartal Tamas, EKM

Kozlekedési szakigazgatasi kérdések
Kerékgyarto Janos, EKM

9:55-10:25 Klima-Check -
Dekarbonizacio az osztrak atigyi
muszaki eloirdsokban

Dr. Martin Fellendorf (A)

10:25-10:55 Az Eurdpai Unid vasuti
rendszerének evolucioja a szabalyozas
nézopontjabol

Dr. Josef Doppelbauer (A)

10:55-11:25 Kavesziinet

2. SZEKCIO - Megtériild innovacid 1
Szekcidvezeto: Thoroczkay Zsolt (HU)
Tars-szekciovezeto: Gyori Eniko (HU)

11:25-11:50 Digitalizacid, automatizacio
és mesterséges intelligencia
Aleksander Zborowski (PL)

11:50-12:15 Erdesitszerek kornyezeti
hatasainak minimalizalasa a téli
utfenntartas soran

Dr. Peter Nutz (A)

12:15-12:40 Utfenntartas a XXI.
szazadban
Koch Domonkos (HU)

PROGRAMME
10ctober 2024 (Tue)

9:00-9:05 Welcome Speech
Szabolcs Nyiri, Chairman, MAUT

9:05-9:15 Welcome Speech )
Nandor Csepreghy, Deputy Minister, EKM

SESSION1-Technical Regulation
Chair: Dr. Michael Rohleder (D)
Co-Chair: Bortei-Doku Shaun (HU)

9:15-9:55 Contest of policy
Tamas Bartal, EKM

Transport Administration Issues
Janos Kerékgyarto, EKM

9:55-10:25 Climate Check -
Decarbonization in Austrian Road
Guidelines

Dr. Martin Fellendorf (A)

10:25-10:55 The Evolution of the Railway
System of the European Union from a
Regulatory Perspective

Dr. Josef Doppelbauer (A)

10:55-11:25 Coffee Break

SESSION 2 - Remunerative Innovation 1
Chair: Zsolt Thoroczkay (HU)
Co-Chair: Gyori Eniko (HU)

11:25-11:50 Digitalization,
Automatization and Artificial Intelligence
Aleksander Zborowski (PL)

11:50-12:15 Minimising the
Environmental Impact of the Use of
Gritting Agents in Winter Road
Maintenance

Dr. Peter Nutz (A)

12:15-12:40 Road maintenancein
the 21" Century
Domonkos Koch (HU)



12:40-13:05 Megtériloinnovacid a
szerkezetépités teriiletén
Dr.Balazs Gyérgy (HU)

13:05-14:30 Ebédsziinet

3. SZEKCIO - Megtériild innovacio 2
Szekcidovezeto: Szerencsi Gabor (HU)
Tars-szekciovezeto: Szinvai Szabolcs (HU)

14:30-15:00 A szerkezetibetonok, a
mérnokok és a tervezok jovojének
néhany kérdése

Michel Virlogeux (F)

15:00-15:30 Hidépitésttamogato
kutatasok a Miiegyetemen

Dr.Dunai Laszlo (HU)

15:30-16:00 Foldmuvek teherbirasanak
ésterhelés okozta alakvaltozasok

vizsgalatanak hazai eredményei
Dr. Szendefy Janos (HU)

16:00-16:30 Beton alagutbélések épitési
technolodgidi Csehorszagban
JanL.Vitek (CZ)

16.30-17.00 Hogyan tovabb, MAUT?
Nyiri Szabolcs (HU)

19.30-22.30 Dijatadas, Galavacsora
Dijatadas: Wagner Ern6, MMK, Scharle
Andras

Galavacsora megnyité beszéd: dr.
Fonagy Janos

12:40-13:05 Remunerative Innovations
on the Field of Structural Engineering
Dr. Gyérgy Balazs (HU)

13:05-14:30 Lunch Break

SESSION 3 - Remunerative Innovation 2
Chair: Gabor Szerencsi (HU)
Co-Chair: Szabolcs Szinvai (HU)

14:30-15:00 Some Questions About the
Future of Structural Concrete and of

Engineers and Designers
Michel Virlogeux (F)

15:00-15:30 Bridge Research Activities
at the Budapest University of Technology
and Economics

Dr. Laszlo Dunai (HU)

15:30-16:00 Domesticresults of
investigationsinto the load bearing
capacity and load-induced deformation
of earthworks

Dr. Janos Szendefy (HU)

16:00-16:30 Technologies for
Construction of Concrete Tunnel Linings
Used in Czechia

JanL.Vitek (CZ)

16.30-17.00 Where Next, MAUT?
Szabolcs Nyiri (HU)

19.30-22.30 Awarding Ceremony, Gala
Dinner

Awarding: Erné Wagner, MMK, Andras
Scharle

Gala Dinner Opening Speech, dr. Janos
Fonagy



2024. oktober 2. (szerda)

4.SZEKCIO - Tarsadalmi
feleldsségvallalas, fenntarthatosag 1
Szekciovezeto: Szilvai Jozsef (HU)
Tars-szekciovezeto: Arnoczki Flora (HU)

9:00-9:10 Az épitésgazdasag aktualis
helyzete
Koji laszlo (HU)

9:10-9:30 Energiafelhasznalas
csokkentése, recycling, zajcsdkkentés
Dr. Fiileki Péter (HU)

9:30-9:50 Korforgasos gazdasaga
vasutépités teriiletén
Urvald Krisztian (HU)

9.50-10:10 Nagyvarosiéletminoség
javitasa a legujabb mobilitasi
technoldgiak 6sszekapcsolasaval
Uveges Péter (HU)

10.10-10.30 Holland tanulmanyok az
elektronikus kozuti rendszerek teriletén
Dr.Lorant Tavasszy (NL)

10.30-10.50 Egy z6ld ésinnovativ
megkozelités az aszfaltburkolatok Uj
generacidjahoz

Boros Zsolt (SK)

10.50-11.10 Kutatas és fejlesztés az
épitoiparban a szocialis felelosség
nézopontjabol

Jens Hoffmann (A)

11:10-11:30 Kavésziinet

2 October 2024 (Wed)

SESSION 4 - Social Responsibility,
Sustainability 1

Chair: Jozsef Szilvai (HU)

Co-Chair: Fléra Arndczki (HU)

9:00-9:10 Current situation of the
constructions economy in Hungary
Laszlo Koji (HU)

9:10-9:30 Energy Construction
Reduction, Recycling, Noise Mitigation
Dr. Péter Fuleki (HU)

9:30-9:50 Circular Economyinthe
Railway Construction Sector
Krisztian Urvald (HU)

9.50-10:10 Improving the Quality of Life
in Big Cities by Connecting the Latest
Mobility Technologies

Péter Uveges (HU)

10.10-10.30 Studies on Electric Road
Systems inthe Netherlands
Dr.Lorant Tavasszy (NL)

10.30-10.50 Greenand Innovative
Approach tothe New Generation of
Asphalt Pavements

Zsolt Boros (SK)

10.50-11.10 Research and Development
in the Construction Industry from a
Socially Responsible Perspective

Jens Hoffmann (A)

11:10-11:30 Coffee Break



5. SZEKCIO - Tarsadalmi
felelosségvallalas, fenntarthatosag 2
Szekcidvezeto: Jan Sedivy (SK)
Tars-szekciovezeto: Szakonyi Petra (HU)

11:30-13:00 Panelbeszélgetés
Moderator: Pasztor Zoltan (HU)

Résztvevok:

Biczok Péter (HU)

Dr. Kiss Janos Péter (HU)
Dr. habil. Szalkai Gabor (HU)
Kiss Laszlo (HU)

Dr. Szakonyi Petra (HU)

13:00-14:30 Ebédsziinet

6. SZEKCIO - Generaciovaltas
Szekciovezeto: Pasztor Zoltan (HU)

14:30-16.30 Fiatalok bemutatkozasa és
szakmai programja
NextGen

SESSION 5 - Social Responsibility,
Sustainability 2

Chair: Jan Sedivy (SK)

Co-Chair: Petra Szakonyi (HU)

11:30-13:00 Panel Discussion
Moderator: Zoltan Pasztor (HU)

Participants:

Péter Biczok (HU)

Dr. Janos Péter Kiss (HU)
Dr. habil. Gabor Szalkai (HU)
Laszlo Kiss (HU)

Dr. Petra Szakonyi (HU)

13:00-14:30 Lunch Break

SESSION 6 - The Next Generation
Chair: Zoltan Pasztor (HU)

14:30-16.30 Introduction and
Professional Program of the Next
Generation

NextGen



¢ MAUT30

30 EVES A MAGYAR UT- ES VASUTUGYI TARSASAG

ISBN 978-615-82475-2-8



	
	01 Doppelbauer_MAUT30_EDITED
	02 Peter Nutz_MAUT30_EDITED
	03 Virlogeux_MAUT30_EDITED
	05 Dunai_MAUT30_EDITED
	05 Fellendorf_MAUT30_EDITED
	06 Szendefy Földművek teherbírásának és terhelés okozta alakváltozások vizsgálatának hazai eredményei
	07 Vitek_MAUT30_EDITED
	08_Nyiri_MAUT30_EDITED
	11 Hoffmann_MAUT30_EDITED



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




