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Federal Highway Research Institute

The Federal Highway Research Institute (Bundesanstalt für Straßenwesen, 
BASt) was founded in 1951. BASt began its work with research in the field of 
highway construction. In 1965 BASt was commissioned, beyond the scope 
of highway construction tasks, to work towards enhancing highway capacity 
and safety. In 1970 the Federal Parliament voted to establish a central agency 
for road traffic accident research which was set up at BASt.

Today BASt is a practice-oriented, technical and academic research institute 
of the Federal Government with a focus on the road sector. It covers diverse 
research subjects resulting from the relationship between road, people, and 
the environment. Its function consists of improving the safety, environmental 
compatibility, economic viability, and efficiency of roads.

BASt provides scientifically based decision support to the Federal Ministry 
of Transport and Digital Infrastructure (Bundesministerium für Verkehr und 
digitale Infrastruktur, BMVI) in technical and transport policy issues. BASt is 
among the leading institutes in a network of centres of research excellence 
in the roads sector, and substantially involved in developing regulations 
and standards at the international level. Consultancy and expert opinions, 
reviewing and certifying are also among BASt‘s functions. Moreover, BASt is 
an assessment centre for driving licensing.

Its headquarters have been in Bergisch Gladbach since 1983 on premises 
covering about 20 hectares, including ten experimental halls and large-
scale test facilities, some of them unique in the world. Since 2017 BASt has 
also been operating the Demonstration, Investigation and Reference Area 
(duraBASt) at the Cologne-East motorway.
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A little more than half a million cars and roughly 2 million 
motorcycles were in use on German streets in 1950. Al-
most 6,500 people lost their lives in road accidents. One 
year later, the Federal Institute for Road Construction 
was founded. The number of vehicles increased, as did 
the number of traffic-related deaths. The Federal Institute 
was given the mandate in 1965 to address road perfor-
mance and road safety besides issues of road construc-
tion. Thus, the entire roads sector became the focus of 
BASt research.

In 1970, there were already more than 21 million vehicles 
and more than 21,000 traffic-related deaths in Germany. 
A sad record. In the same year, BASt was appointed the 
central institute for accident research. 

In the 1970s, the safety belt turned into life saver number 
1 – in particular, because using safety belts became 
mandatory and violations were subject to fines. In the 
1980s, anti-lock braking systems (ABS) were introduced 
in mass production. In the 1990s, airbags became part 
of mass-produced vehicles, and then electronic stability 
control programmes such as ESP were launched. 

Dear readers,
Currently, there are about 45 million vehicles on German 
roads, and statisticians at BASt forecast about 2,500 
traffic deaths for 2021, the lowest level in history. What a 
success story – if this were not about human lives and if 
the loss of each individual life were not already one too 
many. 

Today’s ground-breaking successes in road safety are 
no longer due to individual technical developments. 
There are many larger and smaller components which 
when combined determine the situation in the roads 
sector, making the flow of traffic easier and smoother, 
and sometimes also safer and more environmentally 
friendly.

Let us show you the varied day-to-day work of BASt em-
ployees in 2021 with this report. You will learn how we are 
addressing the challenges of the roads sector in the 21st 
century and what solutions we can contribute. 

Your Press and Public Relations office at BASt

Motorway in the 1970s
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Driving – the type of movement human beings currently 
use most to cover distances – has no precedent in na-
ture, unlike running, swimming and flying! Only the in-
vention of the wheel in the middle of the 4th pre-Christian 
millennium made driving possible. This type of move-
ment was able to unfold its full potential, however, only 
in an artificial environment created by humans. Areas 
with sufficiently even surfaces and a means of traction 
were needed. The construction and maintenance of this 
anthropogenic environment, which today we call traffic 
infrastructure, went hand in hand with the further devel-
opment of the wheel and means of traction. Thus, an 
extensive network of pathways and roads fit for traffic 
gradually emerged.

Today, roads and road traffic compete with other means 
and modes of transport in terms of sustainability, but 
roads are in an excellent position.

Why do I think so? Roads connect every house with 
every other house, every business, every nursery, every 
school, every hospital, every company, every railway sta-
tion, every airport ... The road network is available to al-
most all users, no matter whether they are pedestrians, 
wheelchair users, cyclists, cars, buses, trucks, ambu-
lances, construction vehicles, supply vehicles or waste 
collection vehicles. Roads comprise a network of great 
stability and resilience. Roads are the best option for 
transporting goods across relatively short distances as 
is typical in many industrial countries. The road network 
and private traffic are often the only transport means of 
choice in rural regions.

In cities and urban regions, however, motorised traffic 
causes major problems. Noise, air pollution and the 
landscape fragmentation effect are lowering the quality 
of life. Motorised road vehicles are responsible for a rel-
atively high proportion of CO2 and NOx emissions, and 
they consume a lot of energy. 

Sealed traffic areas in inner cities result in a high level 
of surface water drainage, intensifying the urban heat 
island effect. Road traffic is not without hazards. Nu-
merous accidents happen on roads. In addition, many 
roads, bridges and tunnels are showing their age and 
need to be modernised while traffic is still running.

Introduction

© Westend61 / Getty Images



5 

These are the challenges. What does the world of to-
morrow look like?

The construction, operation and maintenance of the road 
network will for the most part be carbon-neutral and highly 
resource-efficient. The motorised transport of people and 
goods will function almost without fossil fuels and will 
demonstrate a much higher energy efficiency. Accidents 
causing deaths or severe injuries will be a thing of the past. 
An optimal combination of public transport, individualised 
public transport and private transport – whether motor-
ised, by foot or by bicycle – will be offered as needed. 
Traffic space will be newly divided up, parked-in cities will 
be a distant memory. There will be space for active forms 
of mobility and a healthy urban life. People’s need for mo-
bility will be compatible with a sustainable lifestyle. 

BASt has been working towards these goals, and with ur-
gency and great commitment at that, for almost 70 years. 
Numerous successes regularly confirm that we are on 
the right track. I even venture to say that without BASt re-
search, we would not have had the historically low level 
in the number of road traffic-related deaths and severe 
injuries in 2021, the lowest since the beginning of statis-
tics almost 70 years ago. But in view of road users still 
severely injured and killed – 300,000 and roughly 2,500 
respectively – we will not rest on our laurels, but rather will 
confront the challenges of our time head on.

Since November 2021, I have been part of this great BASt 
team as the president of the Federal Highway Research 

Univ.-Prof. Dr -Ing. habil. Markus Oeser, president of BASt

Institute. We have been working together in research col-
laborations for many years. I was already active in BASt 
projects as a research assistant at the TU Dresden, and 
I have been able to intensify this collaboration since my 
appointment as professor at the RWTH Aachen University. 

I know from experience that BASt is contributing important 
basic work to ensuring modern mobility. BASt promotes 
innovations in the field of highway and traffic engineering, 
supports the technology transfer between research and 
industry, focuses on policy consultation, is active in es-
tablishing rules and regulations and, together with our 
partners, develops solutions for important social aspects 
such as future mobility. With an extensive initial research 
programme, BASt is preparing itself for the challenges in 
highway and traffic engineering to be able to provide the 
right answers in the future as well. I find leading such an 
organisation absolutely exciting and motivating.

©VectorMine - stock.adobe.com
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Highlights
70 years of BASt and farewell to President Strick 

New president of BASt

The Federal Transport Ministry in-
itially founded BASt in 1951 as a 
Federal Institute for Road Construc-
tion with its headquarters in Co-
logne. Its mandate was expanded 
multiple times over the years and 
thus adapted to the challenges of 
steadily growing road traffic.  

A large-scale event was planned for 
the summer of 2021 to celebrate its 
70th anniversary and to present what 
has become BASt’s very wide range 
of activities to the general public. 
Because of the unexpected death 

of BASt’s president Stefan Strick in 
February 2021, we decided against 
these festivities. Stefan Strick died 
at the age of 61 after a brief serious 
illness. 

He was a lawyer by profession and 
had headed BASt since 2011, signif-
icantly shaping its reputation as an 
innovative departmental research 
establishment. His experience and 
competence, which he also con-
tributed to many committees, were 
greatly valued in Germany and 
abroad.

Univ.-Prof. Dr-Ing. habil. Markus 
Oeser is the new president of BASt. 
On 22 September 2021, Andreas 

Scheuer, the former Federal Trans-
port Minister, presented him with his 
letter of appointment in Berlin. 

On 1 November 2021 Prof. Dr Oeser 
officially succeeded Stefan Strick 
as the president of BASt. Dr Stefan 

Receiving his letter of appointment at the Federal Transport Ministry in Berlin – from left to right, front row: Prof. Dr Markus Oeser, 
former Federal Transport Minister Andreas Scheuer, Reinhard Klingen (BMDV); back: Dr Stefan Krause (BMDV), Dr Kirstine Lamers 
(BASt), State Secretary Dr Michael Güntner (BMDV) (Photo: BMDV)
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Krause, the head of the Federal 
Trunk Roads Directorate-General at 
the Federal Ministry for Digital and 
Transport (BMDV) introduced him on 
2 November 2021 as the president 
of BASt. Because of the pandemic, 
the usual introductory event could 
not take place. It was possible for 
a very small group of people to be 
present on site during the official cer-
emony, while several hundred guests 
were instead digitally following the 
speeches and welcome addresses 
that were held and transmitted live on 
the occasion of him taking office. 

Prof. Dr Oeser held the chair in 
highway engineering and was the 
director of the Institute of Highway 
Engineering since 2011; since 2015 
he was also the Dean of the Faculty 
of Civil Engineering at the RWTH 
Aachen University. He has a PhD 
in civil engineering and deploys 
his scientific expertise in research 
committees and professional as-
sociations, for example, the Road 
and Transport Research Association 
(FGSV).  After his university studies 
in civil engineering at the Technical 
University of Dresden with a focus on 
constructive engineering structures, 

Markus Oeser received his PhD from 
Dresden with his thesis on “Numer-
ical simulation of the non-linear be-
haviour of multi-layered flexible traffic 
pathways”. His habilitation followed 
in 2010 on “Non-linear numerical sim-
ulation models for traffic pathways 
with regard to mechanical, thermal 
and hydraulic effects”. Markus Oeser 
was a research member of the Tech-

nical University of Delft, Netherlands 
in 2006. From 2007 to 2011, he was 
university lecturer at the Institute of 
Geotechnics, Road Construction and 
Traffic Engineering at the University of 
New South Wales (UNSW) in Sydney, 
Australia. Since 2015 he has been a 
visiting professor at the Harbin Insti-
tute of Technology (HIT) in Harbin, 
Heilongjang, China.

For strategically shaping its fami-
ly-oriented and life-phase-oriented 
personnel policy, BASt was awarded 
with the audit berufundfamilie certif-
icate in June. The certificate, which 
is regarded as a hallmark of quality 
for in-company work-life-balance 
policies, is awarded by the Board of 
Trustees of the berufundfamilie Ser-
vice GmbH. When it comes to the 
concept of family, BASt orients itself 
in line with the diversity of the living 
situations of its employees. Family is 
where there is a feeling of belonging 
and where responsibility is taken for 
other people.

Family awareness at BASt awarded a distinction

Dr Kirstine Lamers, head of the Administration department (left), and Dr Franka Taus-
cher, Gender Equality Officer at BASt, with the certificate from the Board of Trustees 
of berufundfamilie Service GmbH

Assuming office on 2 November 2021 in Bergisch Gladbach – from left: Dr Kirstine 
Lamers, head of the Administration Department at BASt, Sabine Fürneisen, head of 
Staff Council, Prof. Dr Markus Oeser and Dr Stefan Krause, head of the Federal Trunk 
Roads Directorate General at the Federal Transport Ministry
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Events – of a digital or hybrid nature

As was the case in the previous year, 
due to the pandemic it was also not 
possible in 2021 to conduct events 
as usual: conferences and work-
shops were planned, cancelled and 
rescheduled.

Meetings and events at BASt have 
almost exclusively been of a digital 
or hybrid nature since the begin-
ning of the corona pandemic. BASt 
decided to set up its own in-house 

studio in order to be well-equipped 
for these digital and hybrid events.  

With its symposium on “Recalcu-
lating existing bridges – new devel-
opment”, the first to be streamed 
live in full, BASt’s digital studio cel-
ebrated its premiere on BASt’s own 
YouTube channel on 9 September 
2021. More than 300 registered par-
ticipants witnessed this premiere. 
The event was recorded and was 

available on BASt’s website for 3 
weeks. The video was watched al-
most 2,000 times during this time.

Since November, this studio has 
also been used to conduct webi-
nars; these are then subsequently 
made available on BASt’s YouTube 
channel. The kick-off webinar was 
one on BIM in operating bridges.

Meeting with Autobahn GmbH

Shortly after Prof. Dr Oeser took of-
fice as the new president of BASt, 
the heads of Autobahn GmbH and 
BASt met in mid-December. The 
high-ranking representatives from 
the fields of science and practice 
jointly defined the topics of future 

collaboration. An efficient, envi-
ronmentally friendly and future-ori-
ented roads sector guided by 
users’ needs is the declared aim of 
both parties.

Elements of this cooperation in-
clude, for example, 
data sharing as well 
as close cooperation 
in research projects. 
The expert exchange 
between the fields of 
practice and science is 
considered particularly 
crucial for success. The 
cooperation will first 
focus on the four clus-

ters of topics concerning “Use- and 
future-oriented road infrastructure”, 
“Circular economy and climate neu-
trality”, “Resilient and agile infra-
structure” and “Functionalisation of 
roads”. These are linked to one an-
other by “Sustainability” and “Dig-
italisation” as cross-cutting topics.

Autobahn GmbH and BASt intend 
to have a regular exchange in the 
future and to be actively involved in 
each other’s advisory boards.
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Reorganising the Highway Construction Technology department

Due to new priorities, the “Highway Construction Tech-
nology” department was reorganised in its content and 
organisational structure in October. It now consists of 7 
sections: Sustainability, Resource Protection and Earth-
work Materials in Road Construction; Concrete Pave-

New heads of section
Dr Markus Schumacher, 
formerly the interim 
head of the “Safety 
Concepts, Safety Com-
munication” section, 
was appointed head of 
section in March 2021. 
He is a psychologist 
and has been with BASt 
since 2007.

Ralph Holst, formerly 
the deputy head of the 
“Maintenance of En-
gineering Structures” 
section, was appointed 
head of section in Sep-
tember. He is a civil en-
gineer and has been 
with BASt since 2002.

The former deputy 
head of the “Assess-
ment Agency for Bodies 
Providing Driving Li-
cence Services”, Dr 
Astrid Bartmann, be-
came the head of the 
assessment agency in 
August. She is a psy-
chologist and has been 
with BASt since 2001.

ments; Asphalt Pavements; Chemistry, Environmental 
Protection; Road Monitoring and Assessment; Road 
Maintenance Management; Analysis and Development 
of Pavement Structures.

The former deputy 
head of the “Highway 
Design, Traffic Flow, 
Traffic Control” section, 
Marco Irzik, became 
the head of section in 
November 2021. He is 
a civil engineer and has 
been with BASt since 
2006.

Dr Matthias Müller was 
previously the deputy 
head of the “Concrete 
Structures” section be-
fore. In January 2022 
he became the head of 
the “Steel Structures, 
Corrosion Protection, 
Bridge Equipment” 
section. He is a civil 
engineer and has been 
with BASt since 2012.

Dr Verena Rosauer has 
headed the “Asphalt 
Pavements” section 
since September. She 
is an industrial engineer 
with a focus on civil 
engineering and was 
a self-employed con-
sultant and expert for 
road construction. She 
is a publicly appointed 
and certified expert.



© Florian Klein, HHVISION

© Thüringer Sprenggesellschaft mbH



Digital infrastructure, dismantling bridges  
and the use of water

Digital transformation in bridge construction and civil engineering

BIM in the operational phase of bridges

BIM in the operational phase of tunnels

Augmented virtual reality in the inspection of engineering structures

Smart bridge and digital twin

Dismantling bridges

600 days under water – plastic waterproofing membranes in road 
tunnels

Geothermal energy in tunnels – keeping them free from snow and 
ice with rock water

© thyssenkrupp Infrastructure
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Digital transformation in bridge construction and civil engineering

Dr Iris Hindersmann, geographer, Jennifer Bednorz, civil engineer, Sarah Windmann, mechanical engineer, “Steel Structures, Corrosion 
Protection, Bridge Equipment” section, Anne Lehan, industrial engineer, “Tunnel and Foundation Engineering, Tunnel Operation, Civil 
Security” section and Sonja Nieborowski, mechanical engineer, “Maintenance of Engineering Structures” section

Developments in the field of digitali-
sation also enable a digital transfor-
mation to improve the efficiency and 
effectiveness of maintaining and 
operating bridges and engineering 
structures.  Besides the associated 
challenges and changes, digitalisa-
tion at the same time offers great po-
tential and numerous opportunities 
to address the entire lifecycle of an 
engineering structure. 

A digital twin that can be used for 
monitoring, controlling, analysing 
and predicting purposes throughout 
the lifecycle of an engineering struc-
ture is at the centre of this develop-
ment. With the launch of the master 
plan for the Building Information 
Modelling (BIM) method for federal 
trunk roads, the Federal Transport 
Ministry is making another imple-
mentation strategy available for 
the comprehensive use of the BIM 
method, thus defining the vision for 
a long-term use of this method in 
the federal trunk roads sector. This 
vision covers the entire lifecycle and 
focuses especially on operating the 
federal trunk road infrastructure, 
which in the future is intended to 

be based on fully integrated digital 
twins.

A digital twin will have the function 
to link real-time information from the 
engineering structure with data from 
the BIM model, information from the 
Internet of Things (IoT) and findings 
from the virtual experimentation 
space with the aim of enabling a pre-
dictive lifecycle management.

The bases for establishing and oper-
ating a digital twin were developed in 
the scope of previous research pro-
jects. In projects on how to use BIM 

in the operational phases of tunnels 
and bridges selected operation-re-
lated use cases were examined, 
and requirements for BIM operating 
models were defined. Another pro-
ject examined the deployment of 
modern technologies, such as aug-
mented/virtual reality, to support the 
inspection of engineering structures 
based on BIM models. In real-life 
laboratories, engineering structures 
were equipped with instruments to 
record any stress on them and the 
impacts caused. The insights thus 
gained were used to assess the 
structure’s condition, and initial op-
tions to use the findings to build a 
digital twin were estimated. 

All the information gained will be in-
corporated into designing and set-
ting up digital twins for infrastructure 
engineering structures.

from left: Jennifer Bednorz, Sonja Nieborowski and Anne Lehan

Layout and components of a digital twin for engineering structures
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BIM in the operational phase of bridges

Jennifer Bednorz, civil engineer, “Steel Structures, Corrosion Protection, Bridge Equipment” section

It is necessary to establish defini-
tions and requirements at an early 
stage for the BIM methodology when 
it is to be applied in the maintenance 
management of bridges and when it 
is intended to use BIM models con-
sistently beyond the planning and 
building bridges lifecycle phases to 
include the operational phase too.

A research project was set up to ex-
amine the entire flow of information 
required throughout the lifecycle of 
a bridge and to analyse in particular 
what information is necessary in 
the operation and maintenance of 
bridges. It was crucial to identify 
what information was relevant for 
common use cases and scenarios 
in maintenance management. The 
focus was on practicability in both 
maintenance management and in-
formation-gathering process.

A concept was developed based 
on interviews with experts and of 
analyses of the status quo in main-

tenance management; it consists of 
a front end, i.e., the potential user 
interface of a BIM management 
system for existing structures and a 
back end including a variety of data 
sources (linked data approach).

In accordance with the requirements 
for BIM models derived, necessary 
processes were defined, and at-
tribute tables were developed for the 
use cases of inspection, recalcula-
tion, heavy goods transport, con-
ducting maintenance measures, ex-
panding the structure by remodelling 
or enlarging it and evaluating net-
work statistics. These describe what 
attributes are required for which use 
cases and which components are 
affected. Using a practice-oriented 
concept, it was shown how the front 
end can be used to implement the 
use cases.  The concept aims to 
create the preconditions for a web-
based software as the front end with 
which to access the digital structural 
project file.

The BIM use cases in maintenance 
management were implemented 
using a real project to demonstrate 
the concepts developed. On the 
basis of attribute tables added to the 
Client Information Requirements, 
the attributes for the BIM models 
were developed and then reviewed. 
Additionally, all the documents were 
parameterised and linked to the 
data according to the rules estab-
lished.  The digital structural project 
file thus created was then used for 
a software-specific demonstration to 
implement use cases.

The research project thus consti-
tutes a vital contribution to the im-
plementation of the BIM method in 
the field of bridges and other engi-
neering structures as well as for a 
practice-oriented application in op-
erational and maintenance manage-
ment.

Linking data and documents  
in the as-built model in the  
digital structural project file
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BIM in the operational phase of tunnels

Anne Lehan, industrial engineer, and Hendrik Wahl, civil engineer,  
“Tunnel and Foundation Engineering, Tunnel Operation, Civil Security” section

The bases for a BIM-based opera-
tional and maintenance management 
for road tunnels was developed in a 
research project. Starting from or-
ganisational, operational and regula-
tory conditions and constraints, the 
workflow in real life as well as different 
stakeholders’ requirements and re-
sulting processes, it was possible to 
identify the content necessary for a 
(BIM-based) operational model to be 
used in a model-based approach. 
These requirements were formalised 
and transferred into a corresponding 
data model (IFC model), during which 
individual use cases were analysed. 

The information requirements deter-
mined were defined as Information 
Delivery Manuals (IDMs) based on 
the content identified for the corre-
sponding use cases.  This comprises 
the illustration of optimised process 
flows based on BIM and the definition 
of the Level of Information Need (LOIN) 
at the interfaces of all those involved 
in the process. The work environ-
ment included information containers 
for linked document delivery (ICDD) 
to ensure that no information would 
be lost in the exchange between the 
(BIM-based) operational model and 
linked content. In addition, technical 
implementations were described to 
enable a digitised, BIM-supported 
collection of information in the future 
in the course of carrying out individual 
processes and use cases.

The formalised information require-
ments were transferred into a data 
model for the purposes of a mod-
el-based work process. This data 
model is based on the IFC exchange 
standard and other standards in infra-
structure, in particular the object cat-

alogue for road and traffic networks 
(OKSTRA) in conjunction with the road 
network database instructions for en-
gineering structures (ASB-ING). The 
data model comprises, besides the 
description of model objects and their 
interrelations, the definition of features 
and groups of features to specifically 
mark individual objects.

Individual use cases were imple-
mented using a (BIM-based) opera-
tional model for a real-life engineering 
structure. The prototype implementa-
tion of testing and auxiliary tools was 
one important step towards enabling 
the use of an IFC model in an appli-
cation-oriented manner and for op-
erational and maintenance manage-
ment. The focus was on developing 
a tool (ICCD Inspector) to help set up 
information containers for linked doc-
ument delivery and to implement the 
review and filtering of model content, 
as well as to create, process and ad-
minister linkable documents. Visual-
isation based on a user interface is 
one essential aspect to enable direct, 
model-based work on the IFC model.

The result is that there are now de-
fined requirements for BIM-based 

operational and maintenance man-
agement. During the demonstrations, 
it was also possible to illustrate in the 
form of a prototype software tool how 
to work with BIM-based models in 
specific use cases employing newly 
developed testing and auxiliary tools, 
and to validate the functionality of this 
approach.  Furthermore, the struc-
tures that were developed in close 
alignment with operational and main-
tenance processes can be used to 
establish modelling guidelines for 
(BIM-based) operational models for 
road tunnels. The approaches devel-
oped to digitise process flows and the 
ensuing digitised request for informa-
tion, in particular, create the basis for 
their future implementation into a life 
cycle management system using dig-
ital twins.

User interface designed for the ICDD Inspector prototype
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Augmented virtual reality in the inspection of 
engineering structures

Sonja Nieborowski, mechanical engineer, “Maintenance of Engineering Structures” section

The inspection of engineering struc-
tures is increasingly gaining sig-
nificance in the context of ageing 
structures, rising traffic volumes 
and traffic loads. Every compo-
nent of the engineering structure is 
subject to close, i.e., arms-length 
inspections at structured intervals. 
Damages that have developed are 
detected and measures initiated. 
Conventional methods such as tap-
ping surfaces with a hammer and 
documenting damaged areas, such 
as cracks or spallings, in sketches 
drawn by hand, are usually used for 
the inspection. Digital technologies 
such as virtual and augmented re-
ality, known largely from the gaming 
industry, offer potential to be used to 
support this conventional process 
and to increase the quality and ef-
ficiency of inspections. This is the 
outcome of a research project com-
missioned by BASt. 

IT specialists and structural engi-
neers have been collaborating in the 
research consortium of this project 
right from the start. A user-centred 
approach was applied to focus on 
needs and requirements in the in-
spection of engineering structures. 
This resulted in a prototype based 
on the best available technologies. 
Information from other existing 
structures and previous inspections 
are linked and made available in 
an appropriate manner for the dif-
ferent parties involved in the pro-
cess. 3D models of the structure 
developed under the digital BIM 
method in combination with the 
technologies of virtual augmented 
reality offer an ideal basis to link and 
visualise data in terms of concepts 
and methods. In the scope of the 

research project, special compo-
nents were assembled from these 
technologies and combined to form 
a digital support system. As part of 
the system, simple camera footage 
can be used during the inspection of 
an engineering structure to localise 
damage. The images can then be 
linked to a 3D model of the struc-
ture and, after further information is 
added, a complete inspection report 
can be compiled. 

The captured data can be trans-
mitted to the office via a Cloud, en-
abling a simultaneous review there 
of the 3D model using virtual reality. 
The inspectors on site will receive 
information about the damages re-
corded at previous inspections on 
their tablets in the form of digital 
superimposition using augmented 
reality. The damages can thus be 
found again in a significantly shorter 
period of time, enabling, for ex-
ample, an assessment of damage 
progression. It is also possible to 
superimpose information such as 
the location of the tendons using the 

tablet’s camera transparency sort 
mode on the 3D model. 

A workshop was conducted at the 
Smart Bridge in the Digital Mo-
torway test field at the Nuremberg 
motorway exchange to check the 
Demonstrator developed for usa-
bility in practice, where it was eval-
uated by independent participants. 
The results of the evaluation have 
shown that the Demonstrator proved 
its worth during a practical applica-
tion by structural engineers.  Addi-
tional ideas and linking options were 
also already developed during the 
trial run. These include a link to ma-
chine learning with which damaged 
areas can be immediately detected, 
analysed and visualised using aug-
mented reality. These possibilities 
will be examined in a follow-up re-
search project, and the technolog-
ical progress is being implemented 
in practical applications.

Augmented reality in the inspection of engineering structures (Photo: Florian Klein, 
HHVISION)
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Smart bridge and digital twin

Sarah Windmann, mechanical engineer, “Steel Structures, Corrosion Protection, Bridge 
Equipment” section and Sonja Nieborowski, mechanical engineer, “Maintenance of 
Engineering Structures” section

The challenges our federal trunk 
roads are currently confronting re-
quire that today’s reactive type of 
maintenance management be fur-
ther developed into a predictive li-
fecycle management. The aim is to 
identify and forecast the behaviour 
of an engineering structure so as 
to avoid failures, thus ensuring best 
possible availability. With its “Smart 
Bridge” research cluster [1], BASt 
has been substantively contributing 
to this goal since 2011. The research 
on a digital twin for bridges is based 
on this cluster’s findings and consti-
tutes a crucial development in the 
scope of digital transformation.

Smart Bridge
Smart Bridge is the name of a mod-
ular system with which to continu-
ously record and analyse relevant 
parameters in terms of impacts and 
the bridge’s responses, including 
a comprehensive evaluation. 
Throughout its entire service life, 
the system continuously provides 
information in near real time about 
the condition, the reliability and the 
residual service life of a bridge and 
its structural components. Knowl-
edge gained from individual bridges 
can to some extent be transferred to 
other bridges or the entirety of ex-
isting bridges.  It is possible to install 
a smart bridge when building a new 
bridge, as well as in existing bridges 
that have a sufficiently high residual 
service life. Bridges that are highly 
significant for the network of federal 
trunk roads and representative engi-
neering structures are given priority 
in this context.

The smart bridge system can com-
prehensively support the bridge’s 

owner in ensuring the structure’s 
safety, reliability and availability as 
it makes available objective infor-
mation - gained from measured 
data - in addition to the information 
from inspections. Before damages 
can be recorded visually, changes 
in the bridge’s behaviour can be 
detected at an early stage and used 
as a basis to forecast its future con-
dition. Changes in behaviour that 
have been identified can serve as 
indicators during a reliability-ori-
ented inspection, thus increasing its 
efficiency. The information provided 
creates the basis for turning a reac-
tive management system into pre-
dictive lifecycle management.

Between 2011 and 2015 the research 
activities focused mainly on concep-
tional projects. The aim at the time 
was to show and develop the best 
available technology, feasibility and 
basic knowledge. The focus was on 
measuring technology, data analysis 
and assessment procedures. Since 
2016, the developments included 
structural components such as ex-
pansion joints and bridge bearings 
as instruments and new procedures 
for analysis, assessment and visual-
isation. These were then evaluated 
and further developed in real-life 
laboratories.

Real-life laboratories
One important goal of BASt’s re-
search is to make developments 
available for use in practical appli-
cations. Real-life laboratories are 
suitable tools for this. These are test 
environments where traffic infra-
structure-relevant information can be 
tested, evaluated and further devel-
oped under real conditions [1]. With 

the “Smart Bridge in the Digital Test 
Field Motorway”, “Viaduct Sachsen-
graben” and “Smart Bridge – du-
raBASt” real-life laboratories, BASt 
has collected extensive experience 
with designing and operating the 
installations. BASt has thus tested 
and evaluated significant partial de-
velopments of a smart bridge under 
real conditions.

Insights gained from real-life labora-
tories can make a decisive contribu-
tion to swiftly implementing new and 
innovative approaches in practice, 
even though this system offers only 
a limited representation of all the 
conditions and constraints present 
in real life situations. This limitation 
can be addressed by using a digital 
twin that is closely linked to a real-life 
laboratory by means of its real data.

Digital twin
In the bridge domain, the digital 
twin of an engineering structure is 
a targeted expansion of the Smart 
Bridge, including, for example, big 
data/smart data applications, AI 
approaches, mixed-reality applica-
tions and virtual experimentation 
spaces. It is a digital representa-
tion of a real engineering structure 
and mirrors all its properties and 
behaviour throughout its entire life-
cycle by means of various models, 
including geometry, structural and 
data models. The digital twin con-
tinuously updates itself to depict a 
real engineering structure’s current 
condition and the resulting pro-
jected conditions in near real time. It 
accesses large data volumes for this 
purpose, which are made available, 
for example, from sampling at the 
real engineering structure or from 
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existing systems and the existing 
BIM model. Furthermore, the digital 
twin can use new data sources when 
it is connected, for example, to the 
Internet of Things (IoT), such as con-
nected vehicles, smart phones and 
social media. Against the backdrop 
of these large data volumes, big 
data/smart data applications and AI 
data analysis and data evaluation 
processes are already deployed. 
The digital twin also includes a vir-
tual experimentation space which 
can be used to review and forecast 
the engineering structure’s condition 
in varying scenarios.

The beneficial aspects of the digital 
twin are many and varied. It contin-
uously captures data on the condi-
tion, reliability and residual service 
life of a bridge and its structural 
components to provide comprehen-
sive information to the structure’s 
owner. The digital twin is also used 
as a basis for lifecycle forecasts and 
to recommend action as needed in 
the case of an unsatisfactory condi-
tion. The impacts of accidents and 
extreme events on the structure’s 
condition, its projected condition 
and safety equipment can be sim-
ulated in the virtual experimentation 
space. This creates the possibility to 
plan and initiate measures in a more 
reliable and efficient manner. The 
digital twin also offers the possibility 
to test novel technologies such as AI 
applications without compromising 
the integrity of safe operation. Fur-
thermore, it has the potential to ex-
pand the lifecycle management to 
such an extent as to be able, once 
the system is fully developed, to un-
derstand, analyse, evaluate and fur-
ther develop content relevant for the 
lifecycle by means of self-learning 
algorithms. On this basis, the man-
agement system can achieve op-
timum action in the interaction with 
experts [2]. Using a digital twin can 

lead to reduced maintenance meas-
ures, shorter closure periods and 
longer cycles in the service life of 
an engineering structure, thus in-
creasing the sustainability of road 
infrastructures. There is also poten-
tial to reduce the costs of structural 
inspections and gather information 
about a bridge’s current and pro-
jected condition. 

The digital twin issue is very complex 
as various disciplines and technolo-
gies need to be reconciled. BASt 
has laid the foundations for the dig-
ital twin bridge based on its long-
standing focus on such topics, as 
well as designing and operating re-
al-life laboratories. BASt will intensify 
its efforts in this regard even further 
in the future.
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Dismantling bridges

Dieter von Weschpfennig, civil engineer, “Concrete Structures” section

The unfavourable age structure of 
bridges and the projected increase 
in goods transport and disruptive 
events are causing shortfalls in the 
structural stability, durability and road 
safety of our bridges. Measures such 
as repairs and reinforcements can 
eliminate the deficits to continue en-
suring the necessary reliability and 
resilience of bridges as an impor-
tant part of transport infrastructure. 
If these measures are not economi-
cally viable or not technically feasible, 
the only alternative is to build a new 
bridge. A replacement structure is to 
be chosen primarily when the capac-
itive increase in traffic requires addi-
tional traffic lanes. The old bridge will 
then be either partially dismantled 
(superstructure) or fully dismantled 
(superstructure and pillars) when es-
tablishing a replacement structure. 
Dismantling a bridge is as specific a 
task as building a new bridge and ne-
cessitates taking multiple factors into 
consideration. A project [1] aimed to 
provide a collection of case studies as 
decision-support aid for the Federal 
Government’s contracting authorities 
concerning the frequent and complex 
task of “dismantling bridges”. 

Collection of case studies in 
dismantling bridges
The Federal Government’s con-
tracting authorities have made 
bridge dismantling cases available 
as examples, of which 19 were 
used to compile a collection of case 
studies. One factor that was consid-
ered was that at least one example 
of each dismantling method be 
identified. The following dismantling 
methods are available to demolish 
bridges:

• Explosives
• Flooding
• Moving forward by unit
• Dismantling down to launching 

gantry
• Dismantling down to falsework
• Removing by lifting
• Lowering with stranded wire
• Controlled implosion
• Conventional dismantling
• Crane excavation
Another factor to take into consider-
ation was the construction material, 
including bridges made from steel, 
concrete-steel composite, concrete 
and prestressed concrete, as well as 
bridges made with the construction 
methods of falsework, launching 
gantry, free cantilevering and in-
cremental launch. Another aspect 
was the direct proximity to transport 
routes such as railroads, water-
ways or other types of development. 
These result in constraints such as 

closure periods that require long-
term planning. Other constraints 
can result from issues of adverse 
impacts on the surrounding areas 
through noise, vibration or dust. 

Master layout
All the case studies in the collection 
are set up following a uniform master 
layout. The dismantling methods are 
described highlighting their charac-
teristics and limitations in applica-
tion on one page while the opposite 
page shows their advantages and 
disadvantages. This enables users 
to select from the collection of case 
studies the dismantling method 
best-suited to their project. 

Taking stock
Depending on the dismantling 
method selected, the structural de-
sign can be almost as complex as 
building a replacement bridge. An 

Description of the engineering structure and general conditions and constraints

Master layout

Dismantling method
Dismantling method of the tendering 
process
Selection criteria
Dismantling method conducted

As-built research
As-built documentation
Recalculation
Sample materials
Behaviour of materials
Geometry
Hazardous substances
Damages

Calculation of structural stability
Rules and regulations applicable
Deviations from rules and regulations
Safety concept
Verification methods
• Interim fixation of (disconnected) 

tendons 
• Verifying shear forces
• Temporary reinforcements

• Additional verification of details

Specifications
Structural condition
Foundation soil
Contaminations
Neighbouring development
Closure periods
Pollution control
Environmental protection
Occupational health and safety
Ancillary specifications
Particular specifications
Waste disposal concept

Contractual basic requirements
Model contracts
Subcontractor’s planning work
Ancillary bids
Construction period

Lessons learnt
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intensive analysis of the as-built 
documentation and expert stock-
taking on site is the prerequisite 
to an assessment of the bridge’s 
structural stability in the different 
stages of the dismantling process. 
This stock-taking is particularly in-
dispensable for a reliable structural 
design planning when sufficiently 
informative as-built documentation 
is not available. It is also necessary 
to have information about the con-
struction method, year of construc-
tion, the regulations applicable and 
the computation methods used at 
that time, as well as about the con-
struction products deployed, for 
example, prestressed concrete. In 
the case of assessing existing pre-
stressed concrete bridges, it is also 
necessary to have an understanding 
of the particularities in the devel-
opment history and the “teething 
problems” of the method of using 
prestressed concrete, which was 
new at the time. In addition, the pro-
gression of the bridge’s condition 
and repair work conducted must be 
researched and, if necessary, taken 
into consideration. 

The aim is to identify damages, 
weaknesses or excess capacity of 
the bridges to ensure a dismantling 
of the superstructure that is well-
planned and structurally safe in all 
stages of construction. In contrast 
to planning a new construction, the 
engineers have to reverse-engineer 
the bridge to draft corresponding 
construction stages based on ev-
idence in the available cross-sec-
tions and excess reserves about the 
structural safety and design con-
cept.  If the dismantling method is to 
be carried out deploying the same 
method as deployed for the original 
construction of the bridge, a com-
parison of previous computations of 
structural stability can generally be 
used as the necessary verification 

of structural stability. It is necessary 
to provide new verifications of struc-
tural stability should the construction 
stages and associated loads during 
the dismantling process deviate 
from the original stages of assembly. 
This is often difficult as, for example, 
the reinforcements required for new 
structural design stages may not 
be included in the plans, making it 
necessary to add the reinforcements 
subsequently. 

Problems can also arise from weak-
nesses in the bridge’s design con-
cept which may not be in line with 
today’s sound engineering practice, 
for example, minimum reinforcement 
volumes or design rules. If specific 
falsework or bearing units will be 
used in the dismantling process, 
close coordination and interaction 
is required between the structural 
design planners and those planning 
the bearing unit. This encompasses 
all areas of mounting the bearing 
units, including associated high 
local crane loads, wind stiffening, 
longitudinal fixing, support struc-
tures and foundation soil.

The work on establishing a collec-
tion of case studies has shown that 

the rules and regulations concerning 
the construction of bridges needs 
to be amended in some places to 
address the dismantling of bridges. 
This includes aspects of secondary 
safety in the case of external impact 
and relevant material characteristics 
on the resistance side.

Besides clarifying the technical side 
of dismantling, it is also necessary 
to clarify further aspects: permit-re-
lated aspects of building law, envi-
ronmental legislation, the hydrolog-
ical regime, pollution control and 
climate action. It is necessary to 
have a coordinated waste disposal 
and recycling concept for the de-
molished building material that is in 
line with the circular economy and 
sustainability.
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600 days under water – plastic waterproofing  
membranes in road tunnels
Dr Ingo Kaundinya, civil engineer, head of section, Wilhelm Decker, technical assistant (at 
BASt until January 2021, not in the picture) and Felix Wawrzyniak, physics laboratory techni-
cian, “Tunnel and Foundation Engineering, Tunnel Operation and Civil Security” section

Rock water runoff poses a risk for 
road tunnels. Waterproofing mem-
branes made of plastic are installed 
between the reinforced concrete 
inner and outer linings of tunnels as 
a sealing system to counter this risk. 
The waterproofing membranes are 
usually 2 mm thick, made of PVC-P 
or PE and have a bright-coloured 
signal coating which can be easily 
checked for damages during instal-
lation. 

The service life of road tunnels is en-
visaged to be 100 years. Exchanging 
the membrane would be particularly 
complicated and expensive because 
of its position between two layers 
of reinforced concrete. This means 
that the waterproofing membranes 

as well need to keep tunnels sealed 
for 100 years. During this time, the 
waterproofing membranes are con-
stantly exposed to rock water. In the 
case of membranes made of PVC-P, 
the plasticisers contained in the ma-
terial can dissolve over time, making 
the plastic membranes brittle and 
breakable. 

When installing new waterproofing 
membranes, therefore, it became 
necessary to find a material testing 
method that enables a forecast for 
the membrane throughout its ser-
vice lifecycle. For this purpose, BASt 
further developed the so-called 
immersion testing method for this 
use case based on existing rules 
and regulations. In this method, the 
plastic waterproofing membranes 
are stored in deionised water in a 
basin for an extended period of time. 
This water has a temperature of 80 
degrees Celsius and is completely 
exchanged at regular intervals. 

These tests aim to reduce the plas-
ticiser content in the waterproofing 
membranes, thus simulating the 
membrane’s ageing process in the 
laboratory. The deionised water cor-
responds to rock water which in real 
tunnels can have temperatures be-
tween 8 and 20 degrees Celsius. The 
higher temperature of 80 degrees 
Celsius is deployed to accelerate 
the plasticisers’ dissolution process. 
Exchanging the water regularly pre-
vents the water from becoming satu-
rated with plasticisers.

The testing series runs for a min-
imum of 360 days. To determine the 
long-term impact of storage, BASt 

has conducted a series of tests 
lasting 600 days. 

Tensile tests were conducted at the 
beginning of each test series and 
the dry matter was determined in 
samples of untreated membranes to 
identify the input values of the mate-
rial parameters. During the test se-
ries, sample sheets are taken from 
the basin at regular intervals and 
dried back to their original state. The 
material parameters are then deter-
mined using a tensile test, and the 
loss in mass is calculated.

The changes in the material pa-
rameters and of the mass provide 
the basis for forecasting how the 
waterproofing membranes will age 
once they are installed. It was pos-
sible to take in-situ samples from 
30-year-old tunnels for a compar-
ison with real-life conditions. 

The tests using the immersion 
testing method suggest that it is 
possible to derive a good forecast 
of the waterproofing membrane’s 
stability throughout its service life 
based on these tests when the wa-
terproofing membranes are stored 
in deionised water at 80 degrees 
Celsius for 360 days. This type of 
testing using the immersion method 
has been incorporated as a new test 
into the “Technical Terms of Delivery 
and Testing Specifications for Plastic 
Waterproofing Membranes in Tunnel 
Construction”.

Waterproofing membranes made of plastic in 
the immersion basin
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Geothermal energy in tunnels – keeping them free from 
snow and ice with rock water

Tim Hochstein, geological engineer, and Esther Schreck, geologist (at BASt until August 2021),  
“Tunnel and Foundation Engineering, Tunnel Operation and Civil Security” section

Rock water that occurs naturally in 
most tunnels has to date usually 
been discharged unused. Because 
of the depths of most tunnels, the 
temperature of rock water remains 
steady throughout the year. The 
Füssen border tunnel provides a 
minimum drainage water volume of 
11 litres per second at a constant 
temperature between 8.3 and 10.5 
degrees Celsius at its northern 
portal. If this water is directed into 
pipes directly below the road sur-
face, its energy content can suffice 
to keep the road free from snow 
and ice. 

A research project to determine 
the geothermal potential of tunnels 
led to the finding that the amount 
and temperature of the water 
draining from the Füssen border 
tunnel is sufficient to cool the op-
erating buildings and server rooms 
in summer and to keep an area of 
360 square metres of the premises 
or the road surface free from snow 
and ice in winter. What is special 
here is that this can be achieved by 
means of a passive system, i.e., the 
water’s temperature level does not 
need to be adjusted additionally by 
a heat pump.

Pilot plant at the Füssen border 
tunnel
As a follow-up to the research pro-
ject mentioned above, a pilot facility 
was set up by the Motorway Direc-
torate for Southern Bavaria on the 
premises in front of the northern 
portal of the Füssen border tunnel. 
It can heat a total of 9 open spaces 
measuring 3x3 metres each. Each 
of the 9 open spaces was equipped 
with a different road surface struc-

ture in order to determine the op-
timum depth and position for the 
pipes. The pilot facility was designed 
in such a way as to direct the rock 
water through the system of pipes 
without further treatment or addi-
tives, thus avoiding the use of po-
tentially environmentally hazardous 
additives. This means that, after it 
has been used, the water can safely 
be discharged into a receiving body 
of water. The system will be drained 
using compressed air in case of an 
incident or during particularly heavy 
frost to prevent water from freezing 
in the pipes.  

The research project which started 
testing the pilot facility in October 
2020 is intended to examine the gen-
eral feasibility of this way of keeping 
roads free from ice and snow and 
to determine the most efficient road 
surface and operating mode of such 
a facility. 

From an energy perspective, it is rea-
sonable to control the temperature 
of open spaces, operating buildings 
and server rooms as these tasks are 
especially energy-consuming using 
conventional methods. The method 
described above requires electricity 
only to operate the pumps and the 
control technology. Controlling the 
temperature of road surfaces in front 
of tunnels will also contribute to low-
ering the use of de-icing agents in 
these areas, thus reducing the chlo-
ride intake in tunnels. Chloride is 
one of the main factors that is held 
responsible for reinforcement corro-
sion and thereby the main reason for 
damages to the tunnel construction. 
Reducing the chloride intake in tun-
nels can reduce these damages and 
in turn reduce maintenance costs 
and increase the availability of the 
engineering structure.

The geothermal pilot plant at the Füssen border tunnel in a trial operation – the 
heated areas are clearly recognisable in light snowfall
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“Thinking sustainably” – sustainability in road construction

Beata Krieger, civil engineer, head of section, Michael Bürger, geologist, Tanja Marks, environmental engineer, and Michael Sulzbach, 
geoscientist, “Sustainability, Resource Protection and Earthwork Materials in Road Construction” section

The topic of sustainability has been 
continuously gaining significance 
over the past years and in the mean-
while has found its way into almost 
every area of daily life such as food, 
clothing and travelling. 

The term sustainability originally 
comes from a basic principle in for-
estry which states that at any given 
time only as many trees can be felled 
as can regrow. This was intended to 
safeguard the basic number of trees 
and make the forest future-proof. 
Over the years, this approach has 
developed into a comprehensive 
assessment combining ecological, 
economic and also socio-cultural 
action. The aim is always to ensure 
the provision to society without lim-
iting the possibilities for future gen-

erations. The implementation of 
these approaches constitutes a cen-
tral point in political and economic 
thinking and will continue to strongly 
shape the years to come as well. 

Sustainability also arrived in road 
construction at an early stage and 
has become a fixture, including as 
a consequence of the “Road in the 
21st century – Innovative road con-
struction in Germany” research pro-
gramme. The intention is to include 
sustainability aspects in all areas of 
road construction by 2030 – from 
planning to building to dismantling 
to recycling/reuse, thus throughout 
the entire lifecycle. As a research 
institute, BASt has had an essential 
role to play right from the start. 

Sustainability Working Group 
Sustainability as a topic in BASt’s 
road construction technology was 
given a stronger focus when the 
Sustainability Working Group was 
founded in mid2020. The Working 
Group’s task is to bundle sustaina-
bility-related research and work on it 
across sections. The Working Group 
offers a platform to enable a close 
and regular exchange of informa-
tion. To this end, the overall concept 
of sustainability is divided into four 
main action fields: 

• Sustainability assessment 
• Recycling-friendly construction
• Climate-friendly construction 
• Adapting construction methods 

to climate change

© Coloures-Pic - stock.adobe.com
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BASt developed a comprehensive 
research complex aligned to the 
four action fields in the course of 
2021. It addresses both the assess-
ment systems throughout a road’s 
lifecycle and concrete measures to 
reduce environmentally relevant im-
pacts of production and construc-
tion processes. Besides a further 
increase in the recycling rates of 
construction materials, a reduction 
in energy use when producing as-
phalt and concrete and the use of 
regenerative energy sources, efforts 
will be enhanced to increase the 
service life of road surface layers 
to thereby reduce construction ac-
tivities. The changed impacts have 
already been determined in the pro-
cess of adapting the road infrastruc-
ture to climate change, and now 
modified material compositions and 
road surface constructions can be 
developed.

German sustainability strategy
BASt was commissioned by the Fed-
eral Transport Ministry in mid-2021 
to design a monitoring concept for 
the implementation of the German 
Sustainability Strategy in the field 
of road construction. The aim was 
to identify the Sustainable Develop-

ment Goals (SDGs) of the German 
Sustainability Strategy applicable 
to road construction and to adapt 
them accordingly. A particular focus 
was on energy, resource conserva-
tion and greenhouse gas emissions; 
these topics were intensively dis-
cussed within BASt and processed 
in a targeted manner. 

Thinking sustainably
To foster the idea of sustainability 
even further, the Working Group 
intends to expand the transfer of 
knowledge within BASt and, with 
monthly internal and external pres-
entations, contribute to embedding 
sustainable thinking in the minds of 
BASt employees.

From left: Michael Bürger,Tanja Marks and Michael Sulzbach

Schematic structure of systematically classifying the different aspects of sustainability 
and the 4 action fields of the Sustainability Working Group
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Conducting measurements on flood-damaged motorway sections

Gudrun Golkowski, civil engineer, deputy head of section, Mehdi Kalantari, civil engineer, Alfred Meyer, electrical engineer,  
Dr Dirk Jansen, civil engineer, head of “Analysis and Development of Pavement Structures” section, and Ralf Rabe, civil engineer,  
“Asphalt Pavements” section 

The closure of more than 40 kilo-
metres of motorways west of Co-
logne as a consequence of heavy 
rainfall in late July 2021 has had a 
major impact on the traffic situation 
in the region. Before the motorway 
sections could be opened to traffic 
again, one issue to be considered 
was whether the flood had caused 
damages to the pavements that 
were not visibly apparent on the 
surface. Probing the sections com-
pletely was precluded as an option 
because of the length of the sec-
tions. After receiving an enquiry from 
Autobahn GmbH and the Federal 
Transport Ministry as to whether 
non-destructive methods could 
contribute to providing information 
about the condition of the motorway 
sections and to contribute to the de-
cision-making process for opening 
them to traffic, BASt offered to con-
duct non-destructive measurements 
using 3D radar and MESAS.

3D radar
In georadar procedures, radar 
waves are transmitted by an an-
tenna into the subsoil, partially re-
flected there and then detected 
again by the antenna. The thickness 
of layers can be derived from a long-
term interpretation of the signals re-
ceived, and larger inhomogeneities 
can be detected. Conventional geo-
radar systems collect data from one 
profile line per measurement. When 
a 3D radar is used, up to 25 profile 
lines can be measured in one roll-
over. Two-dimensional and three-di-
mensional assessments can be 
generated from this concentration of 
information, simplifying the interpre-
tation of the signals. 

MESAS
The MESAS multi-functional meas-
uring system is essentially based 
on the fast-travelling, load-capaci-
ty-measuring Traffic Speed Deflec-
tometer (TSD). The short-term defor-
mations of the road surface under 
the 10-tonne axle of the semi-trailer 
are measured using laser sensors.

Georadar and load capacity 
measurements in connection 
with water
Neither georadar nor load capacity 
measurements are usually con-
ducted on roads that are known to 
be fully drenched or humid in their 
upper structure or subsoil. 

In the case of georadar, the radio 
waves transmitted by the antenna 
are heavily dampened and reflected 
by water and humidity. Visibility 
into the depth is thus significantly 
restricted. The assessments thus 
focus on answering the question 
whether water or humidity is present 
in the road pavement at the time of 
measurement immediately after a 
flood event and whether major dam-
ages can be detected, for example, 
washed out spots.

In the case of load capacity meas-
urements, this can lead to misinter-
pretations as water in pavements 
can suggest a higher load bearing 
capacity when fast loads cause the 
resulting pore water pressure to rise. 

BASt measuring vehicle with a rear-mounted 3D georadar antenna
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At the same time, water can lead 
to heavy reductions in load bearing 
capacity. This is why a quantitative 
evaluation is nearly impossible. One 
factor that had a favourable effect in 
this case was that BASt has been 
developing a broad data base with 
load capacity data of the motorway 
network since 2018. Comparative 
data was thus available that could be 
used to assess dangerous changes 
to the load-bearing capacity as a 
consequence of the flood event

Results
The georadar measurements were 
used to identify a multitude of po-
sitions where humidity or water 
was suspected to be present in the 
pavements. Targeted probing by 
Autobahn GmbH confirmed this to 
be true. Critical damages were not 
found but significant changes in the 
load-bearing capacity were detected 
in many areas. In these cases, as 
well, no critical positions stood out. 
The two methods deployed proved 
to be helpful in assessing flood dam-
ages under the given conditions. 
Each finding was made available in 
a GIS-compatible format to enable 
observation during road inspections 
by the maintenance depots. 

Outlook
BASt’s evaluations played a vital role 
in reopening the majority of the mo-
torways affected in September 2021. 
Monitoring has been put in place 
over at least the 2021/2022 winter 

period using the same methods to 
understand to what extent the re-
sidual moisture content has had, 
can have or will have long-term ef-
fects.

From left: Mehdi Kalantari, Dr Dirk Jansen, Gudrun Golkowski, Alfred Meyer and  
Rolf Rabe

Detail of the measured section (in the flooded area) with positions identified in the 
evaluation where humidity or water is suspected in the road pavement
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Heat damages on concrete pavements

Christoph Becker, civil engineer, and Alexandra Spilker, civil engineer,  
“Concrete Pavements” section

Heat damage on concrete pave-
ments occurs when the maximum 
expansion stress load is reached 
locally. This is primarily caused by 
a rise in temperature within a spe-
cific component due to exposure 
to intense sunlight. The precondi-
tion for this is an impairment to lat-
eral expansion within the pavement 
system. 

The failure mechanism of heat dam-
ages is complex, since usually a 
combination of unfavourable circum-
stances and general conditions lead 
to failure. From today’s perspective, 
besides climate and constructive 
design, production-, maintenance- 
and ageing-related imperfections 
and local damages in the concrete 
pavement system also play a role. 
These are often not visible on the 
road surface. 

The surface image of heat damages 
shows cracks, vertical displacement 
of concrete slabs, overlapping of 
concrete slabs or partial elements 
or – in very rare cases – a “blow-up” 
of the concrete slabs or partial ele-
ments.  The various damages can 
either occur individually or in combi-
nation.

The phenomenon of heat damages 
in concrete pavements has been 
recognised for decades at the na-
tional and the international level. 
In the past, the frequency of such 
damages was generally of a par-
ticularly rare nature in Germany. 
But in 2013 there was an increase 
in heat damage incidents – espe-
cially in Bavaria. This is why the Ba-
varian highway authority together 
with BAST set up an expert team 
to conduct extensive analyses of 
the damage incidents. Initial results 
and recommendations for measures 
were available in spring 2014. On 
this basis, BAST was commissioned 
by the Federal Transport Ministry to 
set up an expert group. Its mandate 
included providing systematic, sci-
entific and engineering support for 
the three-item action plan against 
heat “blow-ups”: stricter controls, 
swift repairs of damages, precau-
tionary measures. In addition, it was 
intended right from the outset that 
the expert group serve as an infor-
mation platform at the federal level. 

Research activities and studies 
Research projects were initiated as 
part of the scientific support of the 
action plan, and extensive studies 

were carried out on federal motor-
ways. The primary objectives of 
these activities were detailed anal-
yses of the damage mechanism, 
assessment of the structural sub-
stance of road surfaces and, based 
on these, identification of at-risk 
sections of the federal motorways. 
The result was to minimise the prob-
ability of heat damage occurrence 
and improve forecasting.

In the scope of a research project 
[1], a comprehensive information 
system was developed to determine 
and forecast the stress conditions 
of concrete pavements. This system 
was used successfully to address 
the following issues and to develop 
and test solutions:

• Designing and setting up a net-
work of measuring sites to con-
tinuously measure the changes in 
temperature (including measure-
ments of joint movements) within 
the pavement slabs: in addition, 
measuring relevant climate values 
at selected measuring stations.

• Development, software-related 
implementation and systematic 
testing of a calculation model to 
describe the correlation between 

Typical heat damage (left); exemplary depiction of a crack to be expected based on calculations using the FEM volume model [1]
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climate values and temperature 
and expansion stress conditions 
in the pavement.

• Developing a finite-elements 
volume model to calculate tem-
perature-induced critical expan-
sion stress in pavement slabs 
(including determination of ze-
ro-stress temperature for various 
pavement sections).

• Designing a data base solution to 
store and process the data col-
lected on a permanent basis.

Critical climate situations were iden-
tified using both the previously de-
veloped information system and the 
measuring concepts and calculation 
models included. This forecasting of 
critical thermal pavement conditions 
enables deploying additional meas-
ures to increase road safety – such 
as temporary speed limits and ad-
ditional inspection tours – in a more 
targeted manner and restricting 
them to the necessary minimum 
level. 

In the meantime, a network of meas-
uring sites has been installed based 
on a uniform system in selected sec-
tions of the federal motorways. This 
can become part of a continuous 
monitoring system of network sec-
tions throughout the entire motorway 
infrastructure, and it also constitutes 
a significant added value as an 
empirical basis for further scientific 
evaluations.  

Findings 
The increased occurrence of heat 
damages in 2013 correlated with 
repeated heat spells and weakened 
concrete pavements. The construc-
tive weakness here was to some ex-
tent caused by network sections that 
were outdated and not prepared for 
today’s traffic loads and partly to 
pre-existing damages, for example, 
caused by a damaging alkali-silica 
reaction. In collaboration with con-
tracting authorities, at-risk sections 
within selected parts of the network 
were identified and evaluated as to 
their structural substance. On this 
basis, structural measures were con-
ducted and/or complete renewals 
were initiated in a timely manner to 
reduce the expansion stress in the 
pavement system. 

Based on the research findings and 
the experiences gained, BASt made 
a guidance document on how to 
tackle heat damages available to 
the authorities responsible. Over 
the past years, BASt has observed 
the developments in heat damages 
via a nationally uniform reporting 
system and responded to incoming 
reports.  The developments confirm 
that the package of measures devel-
oped and implemented has shown 
its effect and reduced both the prob-
ability of heat damage occurrences 
and associated potential risks for 
road users in the event of a heat 
damage.

The federal Autobahn GmbH (AdB) 
began its operative business in 
2021. This entails changes in re-
sponsibilities, for example, in the 
operation of the network of meas-
uring sites. The expert group was 
disbanded, and the tasks of central 
documentation and monitoring were 
transferred from BASt to AdB.

References
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Various designs of expansion patches (left in asphalt and right as pre-cast slab)
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Asphalt pavements with HiMA

Sezgin Köse, civil engineer, “Asphalt Pavements” section

The majority of our roads are made 
of asphalt. It is an excellent construc-
tion material in road construction 
and offers a lot of advantages. For 
example, asphalt is a sustainable 
construction material that can be re-
used and enables short construction 
times. Due to increasing traffic vol-
umes and extreme weather events, 
asphalt roads will be exposed to in-
creasing loads. 

Asphalt is basically produced 
from aggregates with bitumen as 
a binder. Different asphalt prop-
erties can be achieved by varying 
the composition of the asphalt mix 
and selecting different types of rock 
and bitumen. In terms of the dura-
bility of asphalt roads, the bitumen 
plays an important role. The types of 
bitumen that are envisaged for the 
production of asphalt mixes comply 
with the requirements in the Tech-
nical Terms of Delivery Bitumen-StB. 
Bitumen shows a thermoviscous 
behaviour, i.e., it becomes “soft” at 
higher temperatures while becoming 
very “hard” at lower temperatures. 
This results in a rutting risk at warm 
temperatures; when it is cold, traffic 

loads can lead to cracks in the pave-
ment. 

The challenge in developing a good 
binder lies in ensuring that the binder 
offers a plasticity range as wide as 
possible depending on the climate 
zone of the asphalt road planned 
and thus an overall sufficient dura-
bility. Bitumen can be modified with 
the help of polymers, for example, to 
expand its plasticity range. This pol-
ymer-modified bitumen (PmB) has 
improved properties with regard to 
cold flexibility and heat stability. Its 
use in asphalt road construction has 
been state-of-the-art for decades 
and its deployment was continu-
ously expanded. However, conven-
tionally designed asphalt layers do 
not always achieve the envisaged 
service life, instead showing dam-
ages such as cracks, deformations 
and loss of texture at an early stage. 

Goal
The “Asphalt pavements with HiMA” 
(highly modified asphalt) concept 
aims to maintain a durable asphalt 
pavement by deploying an espe-
cially highly polymer-modified bi-

tumen. The polymer amounts that 
can be added to modify bitumen are 
limited as regards the compactibility 
requirements during the production 
of the asphalt mix, which means that 
special novel polymers or viscos-
ity-changing additives need to be 
used for HiMA.  As previous expe-
rience with additives often resulted 
in unfavourable cold properties, fur-
ther research focuses on the use of 
HiMA.

The project’s goal was to assess 
HiMA material with regard to dura-
bility using laboratory testing, as well 
as building a pavement with a HiMA 
surface on BASt’s demonstration, 
testing and referencing premises 
(duraBASt) and testing it under ac-
celerated load conditions. 

Laboratory testing 
The laboratory tests on the asphalt 
made using a highly polymer-modi-
fied bitumen focused on determining 
the rigidity, fatigue and cold proper-
ties and the deformation behaviour. 
To this end, test specimens were 
built and then firstly subjected to a 
tensile-swelling testing. The findings 

Comparison of HiMA material with conventional asphalt mixes, left: Rigidity-temperature functions (wearing course), right: Fatigue func-
tions (base course) 
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were noted based on rigidity, tem-
perature and fatigue functions and 
compared to conventional asphalt 
mixes. The tests have shown that 
the HiMA material presents rigidities 
across all temperatures that corre-
sponds to the range of convention-
ally used asphalts. In addition, it has 
a fatigue function which, compared 
to the behaviour of unmodified as-
phalt base course material, shows a 
higher durability at the level of cali-
brated asphalt, which is considered 
very advanced at the same load 
levels. 

The pressure-swelling tests con-
ducted to determine deformation 
behaviour and the tests concerning 
cold behaviour have shown similar 
results. The break temperature de-
termined for HiMA is -34 degrees 
Celsius and thus around 8 Kelvin 
below the empirical value of a con-
ventional stone mastic asphalt of up 
to -26 degrees Celsius. This raises 
the expectation of a very good cold 
behaviour by comparison.

The positive impressions from the 
laboratory findings are confirmed 
in the assessment of the durability 
of a road pavement whose layers 
are made wholly from highly poly-
mer-modified bitumen. A compu-
tational dimensioning on the basis 
of the “Guidelines for the Compu-
tational Dimensioning of Pavement 
Structures for Traffic Areas with As-
phalt Wearing Courses” (RDO As-
phalt) 09/21 showed that a HiMA 
pavement promises a longer service 
life by about 5.5 years than that of 
conventional pavements.

Installing a HiMA wearing course
Based on the results of the labora-
tory tests, an asphalt mix was pro-
duced using locally available aggre-
gates and a highly polymer-modified 
bitumen especially adapted to the 

bitumen used in the laboratory tests. 
The aim of installing this asphalt 
mix as a wearing course on the 
duraBASt premises was to find out 
whether the material that had be-
come very viscous due to the high 
level of modification would impose 
particular requirements in terms of 
handling and compacting. In the 
course of the installation, there were 
indeed individual indications that 
this might be the case, but they only 
implied changing the specifications 
for the installation process.

The pavement installed was then 
exposed to accelerated load levels 
using the MLS30. The increase in 
requirements for the compacting 
performance did not result in visible 
re-compacting, which has led to the 
estimation that the use of the novel 
HiMA material in the road network 
is expedient. An initial test has been 
planned for the near future.

The availability of a proving ground 
such as the duraBASt premises was 
instrumental in the project’s success, 
but the success was based mainly 
on a multitude of road construction 
partners (producers of polymers, 
bitumen, aggregates, asphalt mixes 

and installation companies) working 
together in an excellent way to ad-
vance asphalt pavements during the 
project. Everyone involved showed 
great commitment to implementing 
the innovation and they all contrib-
uted to expanding the limitations of 
asphalt construction methods and 
designing asphalt pavements to 
meet the challenges of the future.

Installing the HiMA wearing course on the duraBASt premises
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Double coating – will fresh bitumen fully mix with  
old bitumen?

Dr Tobias Paffrath, civil engineer, “Asphalt Pavements” section

New asphalt roads are made from 
asphalt mixes. The asphalt mix es-
sentially consists of aggregate and 
bitumen and is produced in mixing 
plants at high temperatures. It is 
state-of-the-art to use not only fresh 
components but also a share of 
processed milled material from old 
roads – asphalt granulate. The fresh 
and old components are mixed 
during the production process. The 
maximum amount of asphalt gran-
ulate to be added also depends on 
the hardness level of the resulting bi-
tumen. As the old binder contained 
in the asphalt granulate is usually 
very hard and the amounts of both 
fresh bitumen to be added and total 
binder are limited for reasons of as-
phalt technology, this can greatly 
restrict the added quantity of the as-
phalt granulate – though, fundamen-
tally, the use of asphalt granulate 
makes ecological and economic 
sense. 

So-called rejuvenators are seen as 
a remedy in this context as they are 

supposed to have a positive effect 
on the asphalt granulate’s binding 
properties and on reducing the hard-
ness level.  The long-term impact of 
these products has not yet been fully 
verified. Using particularly soft fresh 
bitumen in the mixing process – 2 
grades softer than the resulting bi-
tumen – is a possible alternative. This 
is currently not permissible under 
the rules and regulations applicable. 
Therefore, a BASt project was set 
up to examine whether adding par-
ticularly soft bitumen would have a 
positive or negative impact on the 
properties of the asphalt produced.

Double-coating effect
At this point, the effect of double 
coating which cannot be precluded 
becomes relevant: It is possible that 
the old hard bitumen present in the 
asphalt granulate will not fully mix 
with the added fresh bitumen during 
the mixing process. There could be 
a double coating of the aggregate, 
which would be formed by the old 
hard bitumen film and the new fresh 

bitumen film as a second layer. It is 
currently not clear whether and if so, 
to what extent the double-coating 
effect occurs and whether an even 
softer bitumen added would influ-
ence the properties and thus the as-
sociated service life of a road.

Test programme
BASt has taken core samples of 
the pavements at 3 test stretches 
in northern and southern Bavaria 
as part of the still ongoing project. 
Each of the test stretches has one 
reference section with the added bi-
tumen in accordance with the rules 
and regulations applicable (50/70) 
and one research section with 
added bitumen that is particularly 
soft (160/220). The quantity of the 
asphalt granulate is identical in the 
two sections at 70 weight by weight. 
The resulting binder in the two sec-
tions also corresponded to bitumen 
for road construction of the 30/45 
grade. If the added binder mixed 
fully with the binder from the asphalt 
granulate – no double coating – the 
two asphalts would be expected to 
have almost the same performance 
characteristics.

It was planned to use laboratory 
testing to determine the cores’ ri-
gidity, fatigue behaviour and the 
bond between the layers. If certain 
characteristics were found in the 
samples, this could indicate that the 
double-coating effect has occurred. 
In collaboration with the “Chemistry, 
Environmental Protection” section, 
additional methods of analysis were 
deployed, see text on page 36.

Left: aggregate with partial double-coating, right: fresh aggregate with partial double-coating
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Initial results
In the test stretch, the 2024 regional 
road connects the municipalities 
of Pöttmes and Grimolzhausen 
and BASt took samples there with 
the support of the Augsburg State 
Building Authority (Gersthofen main-
tenance depot). 18 core samples 
were taken each per section (refer-
ence and research section). The se-
quence of the cores’ strata and their 
thicknesses were captured at BASt. 
Then the asphalt base course was 
separated, the ends were grinded, 
and the bulk density of each core 
disc was determined. 

The rigidities of the core sample 
discs of the two sections were deter-
mined by means of tensile-swelling 
testing (TP Asphalt-StB, Volume 26). 
The rigidities of the research section 
exceed the values of the reference 
section throughout the entire tem-
perature range, even though the 
bulk densities of the reference sec-
tion (2.520 gr per cubic centimetre) 
are significantly higher than those of 
the research section (2.451 gr per 
cubic centimetre). Under the theo-
retical assumption that the samples 
are identical in all aspects other than 
the added binders, this result would 
not be an indication of a double 
coating, as lower rigidity would have 
been the expected outcome in the 
case of the research section with a 
soft binder.

A tensile-swelling test was also used 
to determine fatigue resistance, but 
this time it was a destructive test 
causing the core discs to fracture 
pursuant to TP Asphalt-StB, Volume 
24.  This test showed that the re-
search section’s fatigue function 
with an added binder of the 160/220 
grade was higher across the entire 
expansion range than that of the 
reference section with an added 
binder of the 50/70 grade. At the 

same expansion, an asphalt with a 
“higher” fatigue function is more fa-
tigue-resistant. Assuming again in 
theory that the samples are identical 
other than with respect to the binder 
added, this result would indicate a 
potential double coating, as the soft 
coating binder film of a binder of the 
160/220 grade may have positively 
influenced the fatigue behaviour 
under review.

The studies to date have shown that 
a singular review of test results from 
only one test stretch is not suited to 
provide an answer from an asphalt 
technology point of view at this point 
in time. The seemingly contradictory 
results of partial tests can only be 
fully evaluated when all the test re-
sults dealing with the double-coating 
effect are examined.  Ongoing labo-
ratory tests of further test stretches 
and the additional help from 
cross-disciplinary analysis methods 
will, however, enable a well-founded 
answer to the question at hand. 

Goal
It appears that 3 current questions 
can be answered with the help of the 
project:

• Does the double-coating effect 
exist and if so, does it have a 
positive or negative impact on the 
performance characteristics of 
the asphalt?

• Can particularly soft binders be 
an alternative for the use of reju-
venators?

• Can the quantity of the added as-
phalt granulate be increased fur-
ther by adding softer binders?

Rigidity temperature function 
(reference “50/70” = green, research section “160/220” = blue
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Asphalt viewed up close

Dr Volker Hirsch, chemist, head of “Chemistry, Environmental Protection

When reclaimed asphalt pavement 
is reused, low-viscous bitumen is 
added to achieve the rheological 
properties of freshly produced as-
phalt mixes. The premise is that, 
during the mixing process, a ho-
mogenous spread between the 
aged mastic layer attached to the 
granulates and the freshly added bi-
tumen will result.

The goal of these studies is to de-
velop suitable methods to verify 
the mutual penetration of the aged 
mastic layer with the added fresh 
binder.

The laboratory tests used asphalt 
mix samples (AC 32 TS) with an as-
phalt granulate content of 70 weight 
by weight. The asphalt granulate 
contained bitumen of the 30/45 
grade (highly viscous) and was 
treated with bitumen of the 50/70 
and 160/220 grades (low viscous). 
Samples of fresh asphalt mixes pro-
duced without using asphalt granu-
lates served as reference material. 

The tests were conducted on sample 
asphalt grains from the asphalt mix 
and on “synthetic” samples using 3 
different methods. 

• Reflected-light microscopy of the 
fracture surface of a freshly split 
asphalt.

• Repeated solvating of the mastic 
resin attached to the grain using 
Cyclohexane – visual evaluation 
of the change in the asphalt grain 
and chemical analysis of the solu-
tions contained.

• Orientating tests of “synthetic” 
samples using micro-X-ray fluo-
rescence analysis (µ-RFA). 

Reflected-light microscopy
The microscopic analysis of freshly 
split asphalt grains shows extremely 
different properties of the fracture 
surfaces and the mastic layers. The 
differences are based not only on 
size, grain shape and mineralogy, 
but also on layer thickness of the 
mastic coating and the level of wet-
ting. The layer thickness can vary 
between 0 and about 2,000 micro-
metres in a single grain. 

Aged mastic resin can often accu-
mulate in fissures and crevices and 
stands out because of its lustreless 
look. The differences between aged 
mastic and fresh bitumen are usu-
ally only visually distinguishable in 
exceptional cases.

The bottom left photo shows a 
sample of freshly produced as-
phalt with a pronounced phase 
boundary between bitumen and 

rock. A “greasy zone” is very clearly 
visible at the edge layer of the rock 
grain. Oily bitumen components – 
maltenes – have evidently entered 
deeply into the rock and were ab-
sorbed. The bitumen itself, in con-
trast, looks “lustreless” and aged at 
the phase boundary. It is very likely 
that ageing is not the reason behind 
this change but rather the loss of 
maltenes.

Repeated solvating
Based on a procedure described by 
Delfosse et al [1], an asphalt grain is 
solvated multiple times using a sol-
vent – batch method. The change in 
the asphalt grain is documented by 
taking a picture after each solvating 
step, and the solvent fractions are 
examined using FT infrared anal-
ysis. The picture below shows a 
grain from an asphalt mix that was 
produced using reclaimed asphalt 
pavement. Visible residual mastic 
can clearly be seen on the rock sur-
face at the end of this solvating ex-
periment.

Conversely, no or only little mastic is 
left on the rock surfaces in asphalt 
grains from freshly produced as-
phalt. The solubility does not, how-
ever, depend only on the age and 
the type of bitumen. In particular, 
layer thickness and the complete-
ness of the grain’s coating are addi-
tional significant influencing factors, 

Phase boundary between bitumen and rock Asphalt grain with “double coating”
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besides the rock grain’s size and 
shape with its potential crevices and 
cracks.

The bitumen content of the indi-
vidual solutions can be determined 
using FT infrared spectometry. The 
bitumen content decreases steadily 
in the case of a freshly produced 
asphalt grain with a single coating. 
This means that less and less bi-
tumen is solved with each solvating 
step. In the case of an asphalt grain 
with a double coating, in contrast, 
the final step shows an increase in 
the bitumen concentration. This cor-
responds to the visual impression 
that residual bitumen remains on the 
surface.

Not only can the bitumen solutions 
be studied as regards their overall 
concentration but also with respect 
to their chemical composition. As a 
matter of principle, FT infrared spec-
trometry can be used to detect pol-
ymers and to determine the degree 
of ageing. 

µ-RFA technology
Micro-X-ray fluorescence analysis 
(µ-RFA) is an elemental analysis 
method which enables the study of 
targeted, very small sample areas 
on the basis of X-ray imaging. The 
studies were conducted by the Fed-
eral Institute for Materials Research 
and Testing (BAM).

The graph shows the result of the 
µ-RFA measurement of a substrate 
made of glass, coated first with 
70/100 bitumen and then with the 
same bitumen containing a tracer. 
The measurement was a line scan of 
the sample’s cross section.

The fall of the Kα line of silicon (grey) 
and the rise of the Kα line of sulphur 
(orange) mark the phase boundary 
between the glass substrate and 

the non-tracer-containing bitumen. 
The tracer concentration (blue), in 
contrast, decreases slowly down the 
line. There is a clear mixing zone be-
tween the two bitumen phases. 

Conclusion
Useful insights can be gained from 
such microscopic analysis, but re-
liable statements about the mu-
tual penetration of fresh bitumen 
and mastic are not possible in this 
manner. 

Each asphalt grain needs to be seen 
as “unique” and what is more, the 
quantity of reclaimed asphalt that 
can be added to an asphalt mix is 
limited. For statistical reasons alone, 
it is necessary to use a larger rep-
resentative sample volume when the 
solvating procedure is used.

The application of the µ-RFA method 
is attractive as the measurements 
are completed very quickly and can 
already now be applied to simple 
systems. Additional development 
activities are necessary, however, 
before this method can be applied 
to “real” samples.

The µ-RFA method can be used 
beyond the purposes of a specific 
single case and has the potential of 
being a valuable method to glean 
generally applicable information 
about the suitability and limitations 
of rejuvenators and low viscous 
added binders.
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µ-RFA measurement of a tracer-containing 70/100 bitumen over non-tracer-con-
taining 70/100 bitumen on glass substrate (measurement by the Federal Institute of 
Materials Research and Testing)
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Motorways provide clean energy

Dr Markus Auerbach, physicist and voice instructor, “Traffic Management and  
Road Maintenance Services” section

By 2030, the greenhouse gas emis-
sions in Germany must be drastically 
reduced. An energy-efficient traffic 
infrastructure can contribute to this 
goal. Roads that not only transport 
energy consumers but generate en-
ergy to cover some of their energy 
needs have increasingly been a 
focus at BASt for some years now.  
Cases in point are BASt studies of 
noise abatement walls equipped 
with photovoltaics (PV) and of using 
geothermal energy to control the 
temperature of road pavements as 
well as the use of piezoelectric gen-
erators to produce electricity; where 
appropriate, BASt has initiated fur-
ther developments. 

The use of photovoltaics has proved 
to be particularly promising; due to 
the very pronounced cost degres-
sion of the past years, it has become 
an economically viable application.

PV road roofing
Commissioned by the Federal Trans-
port Ministry and together with Au-
tobahn GmbH, BASt is currently 
studying the suitability of photo-
voltaics roofs over roads, initially 

at a demonstrator project at a rest 
stop and service station on the A 
81 motorway.  A space of 10 by 17 
metres at a height of more than 5 
metres was used to examine, be-
sides photovoltaics for power gen-
eration studies, how to protect the 
road pavement from weather-related 
influences. These studies showed 
reductions in operating and mainte-
nance costs but also an increase in 
the road pavement’s durability and 
in road safety. In addition, this would 
also enable the generation of power 
at E-charging stations with low ca-
pacity for grid expansion. 

Placing a roof containing photovol-
taics modules over roads is signifi-
cantly more expensive than placing 
photovoltaics on existing roofs of 
building or in open spaces.  One 
reason lies in the necessity to pro-
tect the bearing structure against 
vehicles possibly crashing into it 
in case of an accident on the road, 
preventing it from collapsing. What 
makes it more complex is that such 
bearing structures, once they are 
longer than 80 metres, would need 
to be classified as tunnels and the 

structure would need to comply with 
even stricter safety requirements. 
A German-Austrian-Swiss research 
project therefore aims to show that 
such a structure can be implemented 
and operated on an ongoing basis 
in an economically viable manner 
under real traffic conditions.  Though 
the modular structure of the demon-
strator project has some advantages 
in terms of costs, but a blanket cov-
erage of solar roofs over motorways 
is not likely to happen in the short 
term. By comparison, there is still a 
large potential of spaces where re-
newable energy can be generated 
with less effort and cost – such as 
parking areas and other already 
sealed areas where safety require-
ments and associated installation 
costs are significantly lower. A solar 
roof over the motorway is definitely 
deemed a feasible option, however, 
in specific, locally restricted applica-
tion areas.

The project’s tendering process was 
carried out by the Federal Transport 
Ministry in the scope of the D-A-CH 
cooperation on transport infrastruc-
ture research, together with the 
partners Federal Ministry for Cli-
mate Action, Environment, Energy, 
Mobility, Innovation and Technology 
(BMK) in Vienna and the Swiss Fed-
eral Department of the Environment, 
Transport, Energy and Communi-
cations (UVEK). The project was 
supported with technical expertise 
by the D-A-CH scientific advisory 
council where experts from BASt, the 
Austrian Motorway and Expressway 
Financing Joint-Stock Company (AS-
FINAG) and the Swiss Federal Roads 
Office (ASTRA) are represented.

Visualisation of a photoovoltaics road roof (Photo: Austrian Institute of Technology) 
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How to deal with invasive plant species in roadside  
vegetation – practical guidance for routine road  
maintenance
Dr Pia Bartels, biologist, “Environmental Protection” section

Ensuring road safety is the main 
task of routine road maintenance. 
This includes effective and cost-effi-
cient management of roadside veg-
etation. Mowing the vegetation twice 
usually suffices to maintain the crit-
ical areas. Certain plants can, how-
ever, cause problems which in turn 
increases the resources needed to 
manage them. So-called neophytes, 
i.e., plants that are not native to Ger-
many but have been brought in by 
people are often among the spe-
cies causing problems. Plants with 
an adverse impact on biodiversity 
are called invasive neophytes. Such 
species also often have an eco-
nomic impact. 

A nation-wide survey conducted 
by BASt at 304 motorway and road 
maintenance depots revealed that 
for the most part two neophytes and 
one native species cause problems 
in routine road maintenance: knot-
weed, giant hogweed and ragwort. 
Because of its extremely fast longi-
tudinal growth, knotweed can lead 
to line-of-sight obstructions or can 
compromise road safety by ingrowth 
into the lateral roadside areas. Knot-
weed is a health hazard and its re-
moval requires special efforts, such 
as wearing special protective gear. 
The native, poisonous ragwort plant 
is dangerous for cattle when it is in-
gested as part of hay. Those working 
in routine road maintenance are 
therefore asked time and again by 
farmers and beekeepers to remove 
ragwort from roadside vegetation.  
A total of 83 per cent of the main-
tenance depots stated having used 
measures to combat neophytes, in 
particular measures to remove knot-
weed and giant hogweed. There are 

measures in place at about 70 per 
cent of the maintenance depots to 
tackle giant hogweed, and almost 
half of them (34 per cent) have im-
plemented these measures for more 
than 10 years. 

Despite the efforts, many of the 
measures applied are not successful 
(19 per cent) or successful only to a 
limited extent as they impede fur-
ther spreading (40 per cent) or slow 
it down (24 per cent, but they have 
not resulted in a sustainable and 
permanent removal of the growth. 
The maintenance depots indicated 
sustainable and permanent removal 
for only 10 per cent of the measures 
listed in the survey. This may also be 
the reason why 49 per cent of par-
ticipating maintenance depots in the 
survey stated that they do not feel 
adequately informed about the topic 
of neophytes.

Specification of services for rou-
tine road maintenance
BASt has developed a guidance 
document to support routine road 
maintenance staff with information 
and recommended action. It in-
cludes general information about 
the introduction and spread of prob-
lem-causing species as well as spe-
cies-specific measures to combat 
the most difficult problem species. 
With the publishing of the new edi-
tion of the specification of services 
of routine road maintenance, a new 
item 2.2.3 on “Combating problem 
plants and insects hazardous to 
health” has been introduced for 
the first time which can be used 
by routine road maintenance to list 
corresponding measures. This prac-
tice-oriented guidance document 
has already been made available 
to the federal states by the Federal 
Transport Ministry. A frequent ex-
change among the federal states 
is planned for the years to come in 
order to further develop the docu-
ment on an ongoing basis, primarily 
with regard to research projects on 
innovative species-control meas-
ures that are currently being imple-
mented at BASt and in the federal 
states.

www.bast.de/ 
leistungsheftstraßenbetrieb

Knotweed (top) and giant hogweed
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Noise abatement, nature conservation and  
landscape management using clay
Dr Birgit Kocher, geo-ecologist, Cyrus Schmellekamp (centre), environmental scientist and 
civil engineer, Michael Chudalla (right), construction physicist, Jan Sauer, biologist and  
Britta van Dornick, geographer (left), “Environmental Protection” section

Clay constructions have been used 
as a tried and tested methods for 
infill in half-timbered constructions 
and in fully earthen constructions 
for thousands of years.  As a special 
pilot project, BASt has collaborated 
with various stakeholders on the ba-
sics of a modern clay technology to 
use this climate-neutral, durable and 
environmentally friendly construc-
tion material in a noise abatement 
wall. BASt is conducting studies in 
a collaboration with the artist Ute 
Reeh and the “Zentrum für Periph-
erie” with the aim of developing a 
prototype of noise abatement walls 
at federal trunk roads made of clay 
and then monitoring them. The pro-
ject focuses on questions related to 
acoustics, nature conservation, the 
transferability of the wall’s sustain-
ability and lifecycle to suitable other 
engineering structures and the sus-
tainable use of excavated soil.

Acoustic measurements
Specimens of various compositions 
and structure were used to conduct 
acoustic measurements to determine 
the degree of sound absorption. This 
enables analysing the absorption be-
haviour and improving it by adapting 

specific material parameters such as 
thickness, aerodynamic drag or po-
rousness. 

The laboratory measurements sim-
ulate the behaviour under optimised 
conditions. The actual acoustic ef-
fectiveness at roadsides needs to 
be determined in a subsequent step 
using in-situ measurements in larger 
spaces (minimum 4 x 4 metres). 
The QUIESST (formerly Adrienne) 
method is used for this.

Nature conservation and land-
scape management
Horizontal loess walls are the habitat 
of many ground- and cave-dwelling 
animals. Noise abatement walls 
made of clay have similar properties 
and thus offer a large habitat poten-
tial for rare and protected species, 
particularly insects.

BASt is supporting nature conserva-
tion studies at an implemented par-
tial piece of a noise abatement wall 
by mapping wild bees living in clay, 
evaluating how to optimise the settle-
ment potential and carrying out tests 
to describe the interactions among 
the various subjects of protection.

Sustainability and climate action
Further studies are needed to de-
termine the energy use required to 
optimise clay as a raw construction 
material for use in a noise abatement 
wall. In addition, the question of what 
other efforts are needed in the wall’s 
lifecycle for it to function as an engi-
neering structure with correspond-
ingly strict technical requirements is 
being examined under holistic per-
spectives. 

The full recyclability of clay as a 
construction material and, based 
on today’s knowledge, low energy 
needed to produce and process the 
construction material have a positive 
impact on its sustainability assess-
ment, including in terms of carbon 
footprint. The straw content in cob 
contributes to its stability and pro-
vides long-term carbon sequestra-
tion. 

Exhibition “Brandenburg’s  
Alhambra”
In cooperation with the “Zentrum 
für Peripherie” and many other part-
ners, BASt showed an exhibition on 
designing a rest area in a clay con-
struction and on noise abatement, 
nature conservation and landscape 
management topics in its foyer be-
tween October 2021 and February 
2022. The Alhambra in Granada with 
is high clay enclosing walls that have 
already stood for centuries was the 
inspiration that lent the exhibition its 
name.

Test wall made of rammed earth (left half) and cob (right half) in Nebelin one year 
after it was built
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Preventing accidents involving wildlife – analysis of 
data collected across Germany on accidents involving 
wildlife
Britta van Dornick, geographer, “Environmental Protection” section 

To date there is no uniform standard-
ised collection of data in Germany 
concerning accidents involving wild-
life in all accident categories. The 
number of 295,000 accidents in-
volving wildlife can be derived from 
the damage reports submitted by 
automobile insurance companies to 
the German Insurance Association 
(GDV, 2020). The German Hunting 
Association (DJV) provides a sim-
ilarly high estimate of accidents in-
volving wildlife based on their annual 
survey of wildlife killed. The Federal 
Statistical Office, however, shows 
only 3,021 accidents for the 2019 
calendar year (Federal Statistical Of-
fice, 2020). This discrepancy in the 
number of accidents is due to the 
large number of “other accidents in-
volving damage to property” that are 
not included in the official accident 
statistics. 

Evaluation of accidents involving 
wildlife reported to the police
All the police data available from 
2012 to 2017 as well as data from the 
DJV register on wild animals found 
dead were researched in BASt’s re-
search project on “Number of acci-
dents involving wildlife”. While the 
official statistics for the 2012-2017 
period lists more than 17,000 acci-
dents involving wildlife, BASt’s data 
collection contains 805,257 geo-
coded data sets, including “other 
accidents involving wildlife and 
damage to property”. The number of 
all accidents involving wildlife from 
BASt’s research is thus 47 times 
higher than the number shown in the 
official statistics.
The total of 17,301 accidents in-
volving wildlife in the official statis-
tics occurred primarily on rural and 

district roads. In the period under re-
view, there were 4,569 accidents on 
federal trunk roads.
An examination of the number of 
accidents involving wildlife from 
BASt’s data collection reveals a 
similar distribution of the number of 
accidents across the individual road 
categories, but the proportion of ac-
cidents involving wildlife on federal 
trunk roads is now higher than that 
of accidents involving wildlife on dis-
trict roads. This means that the net-
work of federal trunk roads has been 
more heavily affected by accidents 
involving wildlife than previously as-
sumed.
BASt’s data collection now offers the 
possibility for the first time to digi-
tally localise spots all over Germany 
where accidents involving wildlife 
have happened. The exact accident 
location can thus be visualised in a 
geographical information system 
(GIS). 

Analysis of data on accidents 
involving wildlife
On the basis of this data collection, 
road sections, densities and frequent 
locations of accidents involving 

wildlife were determined and calcu-
lated for the road categories 1-5, in 
analogy to the reference document 
on local accident investigations in ac-
cident commissions (M Uko) (Road 
and Transport Research Association, 
FGSV, 2012). For the six-year period 
described this results in 30,393 road 
sections with accidents involving 
wildlife and at least 6 accidents at 
a maximum distance of 200 metres 
between 2 accident spots. Based on 
these road sections with accidents 
involving wildlife, subsections with 
an accident density of more than 15 
accidents involving wildlife per kilo-
metre were localised. In the period 
under review (2012 - 2017) this ap-
plies to 11,912 subsections from the 
overall quantity of road sections with 
accidents involving wildlife.
The depiction and calculation of road 
sections with accidents involving 
wildlife and of frequent-accident lo-
cations (WUHA) for a large portion 
of Germany’s road network provides 
the basis for further assessments on 
potential accident causes and their 
prevention; these are combined in 
the research focus on preventing 
accidents involving wildlife.

Breakdown of the number of accidents involving wildlife by road category (2012 - 
2017) from the official statistics and from BASt’s data collection
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Trees along roads and road safety

Jan Sauer, biologist, “Environmental Protection” section, Janine Kübler, civil engineer, head of 
“Highway Equipment” section and Dr Dominik Schmitt, “Highway Design, Traffic Flow, Traffic 
Control” section and Dr Benjamin Schreck-von Below, traffic engineer, “Safety Concepts, Safety 
communication” section (at BASt until 2021, not in the picture)  

Tree-lined roads are a feature of 
the landscape in large parts of Ger-
many. They determine the individual 
nature and beauty of the landscapes 
and stand for nature and culture a 
growing together. Trees along roads 
offer a habitat, shelter, breeding and 
feeding grounds to a wide variety 
of animal species and fulfil impor-
tant functions as a biotope network, 
particularly in intensively used re-
gions. Despite the explicit legal pro-
tection of about 14,000 kilometres 
of avenues and single tree rows, 
the number of trees along roads is 
endangered because of a lack of 
planting new trees or replacing trees 
and because of conflicts with sets of 
technical rules and regulations on 
road safety. 

Road safety needs to be taken into 
consideration specifically as regards 
existing trees or when planting new 
trees because of the often serious 
consequences of accidents that are 
collisions with trees. More than 500 
people were killed in collisions with 
trees every year in the past years 

and more than 4,500 people were 
seriously injured. Most accidents 
occur on rural roads and account 
for a quarter of all persons killed 
there. Features influencing drivers 
to swerve away from the road are 
well-known. There are a multitude 
of countermeasures to deal with 
them in the sets of technical rules 
and regulations, which include elim-
inating road deficits and monitoring 
speed limits. The accidents tend to 
be characterised by a linear distribu-
tion, which makes eliminating the ac-
cident hot spots more complicated. 

The vast majority of accidents in-
volving collisions with trees are 
caused by drivers losing control of 
their vehicles because of driving 
errors or non-adjusted speeds, for 
example, in unfavourable conditions 
such as wet or icy roads. Physical 
impairment – such as alcohol/drug 
consumption or fatigue – also in-
creases the tendency to make such 
driving errors. In roughly 45 per cent 
of the cases the pre-impact speed of 
the vehicles involved in an accident 
is below 70 kilometres per hour, in 9 
per cent of the cases the speed ex-
ceeds 100 kilometres per hour. The 
collision speed at impact with the 
tree is below 50 kilometres per hour 
in 50 per cent of the accidents. Se-
rious injuries, though rarely critical or 
non-treatable ones, are the result of 
one in ten accidents.

Studies in the scope of a research 
project showed that the sequence 
of trees resulted in significant dif-
ferences in accident frequency and 
severity [1]. The probability of an 
accident with severe personal injury 
is to some extent significantly higher 

in tree-lined avenue sections than 
in sections with intermittent trees 
or in a treeless environment. This is 
reflected also in the accident costs 
that are 10 times higher in tree-lined 
avenues than in a treeless environ-
ment. But also sections with indi-
vidual trees, tree rows on one side 
or forest areas show high accident 
costs. 

The primary objective thus needs to 
be to prevent accidents by imple-
menting appropriate measures, but 
in some places it is also important 
to take measures to reduce the acci-
dent severity in collisions with trees. 
A large portion of unprotected trees 
is located at a distance of less than 
4.5 metres from the road, and a sig-
nificant number of them are even less 
than 1.5 metres away. A retrofitting 
with vehicle restraint systems (VRS) 
is an option in such cases. Securing 
trees with VRS leads to a significant 
decrease in accident severity as the 
VRS absorbs the impact energy and 
the crash forces are spread across 
the vehicle.
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Securing roadwork sites according to  
traffic law – new guidelines
Johannes Thomé, automotive engineer, “Highway Equipment” section (at BASt  
until December 2021) and Bernhard Kollmus, traffic engineer, deputy head of 
“Highway Design, Traffic Flow, Traffic Control” section

Traffic-related measures to secure 
roadworks sites serve the aim to 
safely route traffic in the affected 
areas. Roadworks sites are defined 
in the guidelines for securing road-
works (RSA) as sites where the 
traffic areas are temporarily closed 
for traffic while works are carried out. 

The RSA edition that is currently ap-
plicable dates back to the year 1995. 
A revision was already initiated in 
2001 which aimed to update some 
parts. It became clear, however, that 
in view of the extensive amendments 
of particularly the German Road 
Traffic Regulations (StVO) and the 
Administrative Regulations of the 
German Road Traffic Regulations 
(VwV-StVO), a complete overhaul 
was necessary. After various steps in 
the process and with final approval 
granted in accordance with the VwV-
StvO, this has now been completed, 
including addressing the close to 
1,400 comments from the positions 
expressed during the hearing of the 
federal states with the support from 
BASt.

The new RAS 21
The updates to the StVO and VwV-
StVO led to far-reaching changes in 
the content of the RAS. This affects, 
for example, the use of transportable 
safety barriers as carriers of road 

markings, not using temporary road 
markings in favour of positioning 
delineator posts and other guarding 
equipment, especially in built-up 
areas or on rural roads, and the rig-
orous inclusion of arrow posts into 
the standard plans for roadworks. 

Continuous further developments 
in road traffic-related aspects, in 
particular, have resulted in corre-
sponding amendments in the RSA. 
For the first time the guidelines con-
tain, for example, standard plans for 
roadworks at roundabouts and bi-
lateral transport routing which have 
proved to have an extremely posi-
tive impact in agglomeration areas 
during peak hours. 

The new RSA have included cor-
responding legal updates to 
strengthen the interests of blind 
people and people with visual im-
pairments.

Generally speaking, the standard 
plans described in the RSA follow a 
far more systematic lay-out than be-
fore. The aim is for road users to be 
confronted with basically the same 

design of traffic routing and thus to 
contribute to anticipatory and appro-
priate driving behaviour based on 
predictable traffic conditions.

A completely revised set of rules and 
regulations is now available with the 
RSA, fully meeting practical require-
ments with numerous improvements 
and including new systematic struc-
tures aiming to further improve road 
safety and the flow of traffic.

Guard barrier, guard curb, temporary guard equipment (schematic depiction)
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Germany-wide traffic data – results not influenced  
by the pandemic and the flood disaster

Alexander Bloch, mathematician. “Traffic Statistics” section

Sudden events and structural 
changes such as lockdowns, more 
people working from home or a 
flood disaster greatly affect road 
traffic. The traffic barometer leaves 
no doubt about that. The traffic data 
published by BASt in November 
2021 is, however, for the most part 
free from external influences on 
traffic behaviour. Why was this data 
provided and what benefits does it 
have? 

The end of 2019 saw the outbreak 
of a new lung disease in China, and 
in March 2020 the epidemic was 
officially classified as a pandemic 
by the WHO. The nation-wide 2020 
traffic census on federal trunk roads 
(SVZ) was scheduled for April 2020. 
Because of pandemic-related meas-
ures such as contact restrictions, 
however, it became increasingly dif-
ficult to train census personnel or to 
even transport them to their place of 
work. The traffic census was there-
fore postponed to 2021. This meant, 
however, that the traffic data could 
only be published in 2022. 

Pursuant to the 34th Ordinance on 
the Implementation of the Federal 
Immission Control Act (BImSchV), 

there is a legal obligation to conduct 
noise mapping by June 2022. The 
quality-assured results of the 2021 
census are not, however, available 
in time for this. Furthermore, ac-
cording to Article 5, paragraph 1 of 
the 2002/49/EC Directive, the traffic 
data to be used for noise mapping 
must not be more than 3 years old, 
i.e., it was not possible to fall back 
on the census data from 2015. When 
the SVZ was cancelled for 2020, 
therefore, an alternative method 
needed to be developed to make 
useful traffic data available for noise 
mapping. In addition, the rules and 
regulations on which noise mapping 
is based were updated in the mean-
time. 

Methodology
A decision was taken in coordination 
with the Federal Transport Ministry 
and the Federal Environment Min-
istry to therefore update and extrap-
olate the 2015 census results using 
current data from automatic per-
manent count sites and temporary 
measurements from lateral radar 
devices. Where current data is not 
available, conventional extrapolation 
methods will be deployed.

The road network has changed 
since 2015 due to new buildings, 
by-pass roads and redesignations. 
That is why the count sites needed 
to be reviewed, their scope adjusted 
and new count sites needed to be 
introduced and transferred. This 
was accomplished by using the as-
signments of the count sites to the 
network of the Federal Information 
System Road (BISStra) as of Sep-
tember 2019. The aim is to cover the 
network of federal trunk roads com-
pletely with plausible traffic data. 
The indicators always need to be 
based on up-to-date counted data. 
The data from the permanent count 
sites from 2019 are entered directly 
into the result tables. 

The second pillar of the resulting 
data is the regularly captured traffic 
values from lateral radar devices. 
Traffic data had been captured every 
year since 2016 using temporary 
measurements from lateral radar 
devices (TM) for the purposes of 
the planned 2020 SVZ.  First, the 
TM data is extrapolated for the sur-
veyed year with the help of perma-
nent count sites and then updated 
to 2019, so that data from 2016, 
2017 and 2018 is also included in 

The traffic barometer provides orientation values on the current traffic developments in Germany as timely as possible; the values are 
based on interim pre-validated data from automatic count sites per month; the monthly developments are depicted comparing each 
month to the month before and to the same month of the previous year on both federal motorways and federal trunk roads 
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the results. Despite the increase in 
TM counting over the past years and 
the existing permanent count sites, 
it was not possible to count around 
8,000 SVZ count sites between 2016 
and 2019. This is true in particular 
for most of the count sites on federal 
motorways and most of the federal 
highways in the federal states that 
do not deploy lateral radar devices. 
In these cases, the results from the 
2015 SVZ are directly updated for 
2019. The factors for these updates 
are saved in a separate table so as 
to use them, if necessary, to update 
the areas of the second-level net-
work (rural/regional, district/munic-
ipal roads).

Results
The results have the same lay-out 
as the familiar traffic census publi-
cations. The resulting data is distin-
guishable by location and counting 
method (permanent count site, 
temporary measurement, manual 
counting, estimated update). The 
average daily traffic per year is 
shown for the surveyed year and the 
two previous surveys, as well as av-
erage daily traffic values per vehicle 
type and heavy goods traffic. In ad-
dition, an extended data set, which 
is available, determines an average 
daily traffic value by trip purpose 
(weekday, vacation or public hol-

iday traffic) for each designated ve-
hicle type. The hydrograph factors 
indicate the main trip purposes in 
the network area under review, and 
the design traffic volume is laid out, 
i.e., the fiftieth hour with the highest 
load in the year surveyed and the 
design-relevant proportion of heavy 
goods transport per direction. The 
essential difference to previous pub-
lications is that noise indicators re-
quiring the new RLS-19 model are 
published for the first time, in addi-
tion to the noise indicators based 
on the previous guidelines on noise 
abatement on roads RLS-90 from 
1990. Both depictions are included 
here to ensure the comparability 
with previous road traffic censuses. 

The results are thus complete and 
completely devoid of the influence 
of pandemic-related measures and 
their consequences on border traffic 
as well as the flood disaster in wide 
areas of North-Rhine Westphalia and 
Rhineland-Palatinate. This is why 
they will also be helpful in planning 
the reconstruction of roads or of new 
roads specifically as a response to 
roads damaged in the flood disaster. 

Furthermore, these results serve as 
proof for the first time that manual 
counting can also be reliably pro-
jected in the second-level road 

network. On this basis, annual up-
dates to the road traffic census 
can be based on current data from 
permanent count sites and tempo-
rary measurements, similar to as is 
done in traffic monitoring. The re-
sults can be used as an important 
pillar for time-series analyses and 
resulting forecasts and depict traffic 
data largely uninfluenced by external 
major events.

www.bast.de/svz

Book excerpt showing the results from the update/extrapolation of the 2015 SVZ and the temporary measurements 2016-2019 to the year 
2019 for noise mapping pursuant to 34 BImSchV
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Test Field Monitoring and Digital Test  
Field Motorway  

Jan Schappacher, civil engineer, and Karen Scharnigg, civil engineer, “Traffic Management 
and Road Maintenance Services” section 

In Germany, there is now a great 
number of test fields for automated 
and connected driving, where re-
search projects are implemented 
and new technologies tested. Be-
cause of the complex topics at 
hand, the test fields – usually set up 
in the context of research projects – 
have different areas of focus. This 
increasing complexity has made it 
necessary to create more transpar-
ency. 

The aim of monitoring test field ac-
tivities is to collect data on desig-
nated test fields for automated and 
connected driving, on research pro-
jects implemented on test fields and 
on other activities in Germany in the 
context of automated and connected 
driving in public traffic spaces, and 
to make this information available to 
the general public. Monitoring pro-
vides the basis to show coordina-
tion, consultation and harmonisation 
requirements.

A research project identified 26 test 
fields and about 140 projects that 
correspond to the criteria mentioned 
above. A targeted categorisation 
with defined attributes enables com-
paring test fields and projects. In the 
scope of a more in-depth analysis, 
these elements were listed in a data 
base including all test fields and pro-
jects. This data base has been avail-
able on a website that offers various 
filtering options since August 2021: 
www.testfeldmonitor.de.

Overarching core topics were de-
veloped to research the landscape 
of test fields and projects, and they 
were implemented as central filters 
on the website:

• Automation
• Connectedness
• Social aspects
• Data protection and security
• Mixed traffic and traffic-related 

impact

The studies on most test fields focus 
on “Automation”, “Connectedness” 
and “Mixed traffic and traffic-re-
lated impact”. An additional focus 
is placed on “Social aspects” in the 
case of projects. Only a very small 
number of test fields and projects 
currently focus on the core topic 
“Data protection and security”.

The recommendations as regards 
coordination, consultation and har-
monisation requirements include as-
pects such as an actively supported 
exchange among both test fields 
and projects with related topics. 
Proposed future development pri-
orities and funding focuses referring 
to spatial aspects and the different 
road categories are also described 
in the recommendations, based on 
the current core topics and research 
focuses and the distribution of test 
fields.

Using the website, the content from 
the data base can be accessed not 
only by experts but also by the gen-
eral public. The central information 
platform not only supports the dis-
semination of information but also 
the development of new ideas and, 
where applicable, future coopera-
tions.

Digital Test Field Motorway (DTA)
The Digital Test Field Motorway (DTA) 
was initiated in 2015 by the Federal 
Transport Ministry together with the 

German Association of the Automo-
tive Industry, the Federal Association 
of Information Technology, Telecom-
munications and New Media as well 
as the Free State of Bavaria to en-
able testing and further developing 
innovative ideas in the context of 
automated and connected driving, 
as well as smart infrastructure in a 
real-life environment. The DTA is lo-
cated on a section of the A 9 mo-
torway between Munich and Nurem-
berg that is about 140 kilometres 
long. In addition to further digital 
test fields in urban and rural areas, 
this DTA offers an ideal environment 
for innovative developments in the 
fields of automated and connected 
driving and smart infrastructure. 

The combination present in the 
DTA of modern road infrastructure 
and the availability of cutting-edge 
transmission technologies – such 
as blanket LTE coverage – of highly 
precise digital maps (in some sec-
tions) and a special traffic signage 
for the position control of automated 
vehicles offers a unique, technolog-
ically neutral testing environment for 
the automotive industry, suppliers, 
telecommunications companies and 
research institutes.

Besides its focus on supporting re-
search and promoting innovations, it 
is intended that the test field contri-
bution to increasing the acceptance 
of new technologies, considering 
that it is in direct contact with day-
to-day traffic. 

The projects and activities on the 
DTA can be divided into 2 sub-topics 
in terms of content:
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• Automated and Connected 
Driving 

• Smart Infrastructure

Tests and developments under Au-
tomated and Connected Driving will 
primarily be conducted directly by 
companies or research institutes, 
generally in the scope of funded 
projects. In the Smart Infrastructure 
field, however, these are usually con-
ducted in a collaboration between 

Spatial distribution of test fields and projects – detail from the website on test field monitoring

the Autobahn GmbH subsidiaries 
responsible and BASt. 

A total of 12 measures on smart in-
frastructure have been implemented 
and evaluated on the DTA to date. 
Brief descriptions of the measures 
are available on BASt’s website in 
German and English.

www.testfeldmonitor.de
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Green light for sustainable mobility

Jan Schappacher, civil engineer, and Ralf Meschede, electrical engineer, deputy head of 
“Traffic Management and Road Maintenance” section

Numerous change processes are 
needed in road traffic to initiate 
and promote sustainable and cli-
mate-friendly mobility. Besides new 
approaches in designing infrastruc-
ture and land use, mobility manage-
ment is gaining an important role. 
For mobility management in built-up 
areas, this entails further developing 
tried and tested elements such as 
traffic control by means of traffic sig-
nals, adapting them to the changed 
socio-political objectives. In many 
cases, BASt’s application-oriented 
research activities provide the sci-
ence-based foundation for essential 
decisions that define the direction. 
Two current projects were recently 
successfully completed in this con-
text. 

Modern prioritisation system 
for the public transport system 
using C2X technology
Giving priority to public transport 
systems at signal-controlled junc-
tions has been practiced since the 
1980s to reduce journey time, im-

prove the reliability of scheduled ar-
rivals and departures and increase 
the number of journeys. The prior-
itisation system developed at the 
time has proved its worth over many 
years and is widely used in munic-
ipalities. The technology deployed 
then, based on reporting points 
along the route, still for the most part 
uses analogue radio transmissions 
today and needs to be modernised. 
Commissioned by BASt, a study was 
conducted to use car-to-infrastruc-
ture (C2X) technology in prioritising 
public transport systems in traffic. 
This resulted in recommended ac-
tions and a roadmap for the migra-
tion to this new technology. The use 
of C2X communication enables the 
modernisation and harmonisation of 
data transmission, and at the same 
time it offers an optimisation po-
tential for the prioritisation of public 
transport systems and further syn-
ergies. A “revolution in traffic con-
trol” is also becoming evident from 
the use of C2X also in other fields; 
these are being studied by BASt in 
the scope of further projects.

Safe pedestrian protection using 
traffic control signals in many 
variations
Pedestrian traffic signal systems are 
often deployed to enable pedes-
trians to cross a street safely. In this 
simple method of a needs-controlled 
traffic signal system, a pedestrian 
or cyclist can press a button at any 
time to halt traffic and safely cross 
the street. There are 3 control vari-
ants described in the Guidelines for 
Traffic Control Signals (RiLSA, 2015) 
for operating pedestrian traffic signal 
systems.

• The standard to date is a green 
light for the traffic on the road and 
a red light for any crossing traffic.

• In dark-red systems, there is a 
dark light for the traffic on the road 
and a red light for crossing traffic.

• In dark-dark systems, there is a 
dark light for both the traffic on the 
road and crossing traffic. The sig-
nals are switched on only by re-
quest; their operation is indicated 
by function lights or described on 
signposts.

In a research project, it was possible 
to show the benefits of dark lights 
signals for road traffic, and positive 
effects were also captured for dark 
lights signals for crossing traffic in 
terms of reduced waiting periods for 
all road users. Detailed study results 
will be available for the future Guide-
lines for Traffic Control Signals and 
for planning at the municipality level.

Improved “button-less” detection for 
these road users and an adaptation 
of vehicle speeds to the “30 km/h 
speed limit” will be studied next in 
the field of traffic research on pedes-
trians and cyclists.

© marog-pixcells – stock.adobe.com
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Requirements of automated vehicles for road 
markings and traffic signage
Huanyu Zhang, traffic engineer, “Highway Equipment” section, Dr Sandra Jacobi, 
physicist, “Environmental Protection” section and Dr Jan Ritter, civil engineer, 
“Highway Equipment” section

Driver assistance systems have 
been making an important contri-
bution to improving road safety for 
years. They issue warnings or pro-
vide information to the drivers, for 
example, when they inadvertently 
leave their lane. The rapid technical 
advances in automotive engineering 
make an introduction of autono-
mous driving conceivable in the near 
future, which is also projected to be 
of significant benefit to road safety.

Driver assistance systems and au-
tonomous driving functions have in 
common that optical sensors are 
deployed to detect markings and 
traffic signs. The lane-keeping as-
sist and speed assist functions, for 
example, are dependent on images 
of markings and traffic signs they 
receive from a camera mounted at 
the front of the vehicle. It is likely that 
for the foreseeable future the detec-
tion of road markings will also be an 
important element of the transverse 
positioning in autonomous driving.

What holds true for human beings is 
also the case for machine detection: 
Only when markings and traffic signs 
are clearly identifiable can the sys-
tems fully function – faded markings 

and traffic signs can, in contrast, be 
a challenge. The safety potential of 
these new vehicle technologies can 
thus only be fully tapped if markings 
and traffic signs are easily recog-
nised by sensors. An expert discus-
sion that is gaining momentum has 
started at the national and interna-
tional levels on the question of what 
exactly constitute machine-readable 
road markings and traffic signs. 

BASt is focusing on researching 
future requirements for road mark-
ings and traffic signs in the field 
of highway equipment. A case in 
point is a research project that is 
financed by the Federal Transport 
Ministry and scientifically supported 
by BASt, which is looking in depth at 
the interaction between a vehicle’s 
sensor system and road markings. 
Test drives on motorways are used 
to study what features of the road 
markings are crucial to be detected 
by a camera and light detection and 
ranging systems and what degree 
of wear in the road markings causes 
the sensors to reach their limit. The 
question of whether minimum re-
quirements for machine detection 
and human driver detection are the 
same is of particular interest here. 

BASt is providing its expertise at 
the European level and at national 
levels to actively co-design the de-
velopments. BASt is represented, 
for example, in an expert group ini-
tiated by the European Commission 
which deals with the possibility of 
common European minimum stand-
ards for road markings and traffic 
signs in the scope of implementing 
the new directive on road infrastruc-
ture safety management. In addi-
tion, BASt is also collaborating in 
the activities of the European Com-
mittee for Standardisation (CEN) 
on further developing the European 
standard for road markings in view 
of autonomously driving vehicles. At 
the national level, a new committee 
has been launched at the Road and 
Transport Research Association to 
work on requirements of automated 
driving for road markings, in which 
BASt is participating.

An intensification of activities is to 
be expected in view of the ongoing 
developments in automotive engi-
neering. BASt will co-shape this pro-
cess in order to promote road safety 
from a neutral, scientific perspective. 
Since a potential to reduce vehicle 
emissions is ascribed to automated 
driving, these efforts are also con-
sidered a contribution to the “green 
transition” of the transport sector.

Machine-detected road markings during a night drive on a motorway (photo: ISAC 
GmbH, Aachen)
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Vehicle automation is often associated 
with increased road safety and com-
fort as well as a better flow of traffic. 
But a number of problems still need 
to be solved and many questions 
researched before we can be mere 
passengers and no longer drivers. 
The 34 partners from 10 countries in 
the EU-funded L3Pilot project, BASt 
among them, have done just that: for 
4 years, they have studied the safety, 
efficiency and user-friendliness of au-
tomated driving.

Modern cars can already support 
their drivers with assistance systems 
today, but the responsibility still re-
sides with the drivers. The first vehi-
cles which can drive autonomously in 
congested traffic on motorways are 
expected in the market in the near 
future: this means that drivers, within 
certain system boundaries, can del-
egate the responsibility to their cars 
and may then engage in other ac-
tivities. Once traffic is moving again, 
however, the drivers must be capable 
of taking back control at short notice.

Test drives in real traffic
BASt has gone one step further in 
L3Pilot in a study on user acceptance 
and trust: test participants were given 
the freedom to hand over driving to 
the automated system in the test ve-
hicle not only in traffic jams but also 
in flowing traffic at speeds of up to 
130 kilometres per hour while, for ex-
ample, using their phones or reading 

Automated driving – results from the L3Pilot

Sandra Breunig, physicist, “Passive Vehicle Safety, Biomechanics” section and Alexander 
Zerbe, M.Sc. Sensor systems and cognitive psychology, “Automated Driving” section

magazines. The automated system 
did not need to be monitored during 
this time, but the test participants 
had to be able to take over control 
at any time when prompted by an 
acoustic or optical signal. The test 
participants drove on a motorway 
stretch for about 100 kilometres three 
times and were free to switch the au-
tomated system on and off as they 
wished. The study’s central aim was 
to determine how often they in fact 
used the automation, what they were 
doing when they had it switched on 
and whether their behaviour and their 
opinion on automation changed over 
time. Because of the pandemic, the 
study had to be discontinued after 6 
test drives, but it was still possible to 
gain deep insights into the test partic-
ipants’ trust, acceptance and behav-
iour during individual analyses.

The test participants had the automa-
tion switched on almost all the time 
– for between 88 and 99 per cent of 
the driving time. During the autono-
mous driving periods, as expected, 
they preferred using their own smart 
phones, but they also made use of 
the magazines provided. They often 
simply looked out of the window. This 
may indicate that they were moni-
toring the autonomous driving or that 
they wanted to see the landscape. 
Only one test participant brought 
work along in the car. This means that 
using the journey time productively 
did not seem to be a priority for the 
test participants.

When the automation’s system 
boundaries were reached – such as 
before passing roadworks sites or 
when it was time to exit the motorway 
– the automation prompted the driver 

to take over control.  The drivers had 
10 seconds’ time in which to put away 
their smart phone or magazine during 
this time and re-orient themselves in 
the traffic before switching off the au-
tomation. Every test participant was 
successful in taking back control; 
they needed between 0.78 and 7.76 
seconds to do so. However, during 
many take-overs they did not check 
their rear-view mirrors, which, de-
pending on the traffic situation, could 
be evaluated as a critical point. 

Only in rare cases did the test par-
ticipants decide to switch the auto-
mation off themselves, for example, 
when wanting to swiftly overtake a 
lorry. In such cases, the test vehicle’s 
automation designed for defensive 
driving seemed to be too hesitant to 
some test participants.

User trust and acceptance 
Five of the 6 test participants achieved 
medium to high values throughout the 
study regarding user trust and user 
acceptance. Only one participant 
reported a low degree of trust in the 
system at the outset which increased, 
however, over time. These results are 
in line with the participants’ extensive 
use of the autonomous driving func-
tion.

The study continued with a subse-
quent online survey with 147 test 
participants, during which they were 
asked what would be their preferred 
activity in autonomously driving cars 
and to what extent they accept this 
technology. Overall, autonomous 
driving was evaluated positively by 
the test participants: male partici-
pants showed a significantly higher 
acceptance than female participants; 
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among the different age groups, no 
statistically significant difference was 
found.  

When asked what their preferred 
activity would be during automated 
drives, the test participants frequently 
answered they would look at the sur-
roundings. Eating and drinking as well 
as using smart phones came next. 
Fewer than half of the interviewees 
said they would do office work.

Impact assessment 
The human and social aspects of 
automation were studied in L3Pilot in 
the form of an impact assessment. A 
jigsaw puzzle was assembled con-
sisting of potential changes for mo-
bility, road safety, the environment 
and traffic efficiency caused by in-
creasing automation.

One piece of the puzzle was the anal-
ysis of how to assess the seemingly 

very technical topic of road safety as 
a consequence of increased automa-
tion. Using a range of data, for ex-
ample, from simulations, from L3Pilot 
test drives and accident data from 
today’s traffic – including the GIDAS 
and IGLAD data bases – the project 
estimated how many lives would be 
saved or how many serious injuries 
would be prevented across the EU 
through automated driving on motor-
ways or in urban areas. The system-in-
herent boundaries of automated sys-
tems, which at times are very tight, 
e.g., regarding speed limits, weather 
conditions and infrastructure-related 
requirements, restrict the use and us-
ability of such vehicles. 

It is thus even more encouraging that 
in urban traffic an overall positive de-
velopment can be expected in the 
case of light, medium and severe ac-
cidents– regardless of the number of 
automated vehicles on the streets. At 

a 30 per cent ratio of automated vehi-
cles in road traffic, accordingly, about 
12 per cent of all lethal accidents and 
about 13 per cent of all severe acci-
dents can be prevented.

The safety, efficiency and user-friend-
liness of automated driving will be 
further expanded on, researched and 
tested in road traffic as part of the Hi-
Drive follow-up project.
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The car of the future – highly auto-
mated or even driving autonomously 
– enables drives during which the 
drivers can lean back and relax. 
Accidents can, however, still be ex-
pected to happen in mixed traffic 
with conventional vehicles. There-
fore, car passengers’ safety needs 
to be ensured, also in reclining seats. 
Crash test dummies were developed 
to date for upright seating positions 
and represent car occupants to only 
a limited extent when it comes to 
human diversity. A novel, virtual, sim-
ulation-based approach to assess 
the safety of car passengers in future 
accident scenarios was developed in 
the scope of a 42-month EU project 
called OSCCAR (Future Occupant 
Safety for Crashes in Cars).

By using virtual simulation models 
of human beings in a virtual testing 
procedure, the limitations of dum-
mies can be overcome and a better 
representation of human diversity 
enabled. An accurate simulation of a 
real car with the virtual vehicle model 
is decisive for creating a comparable 

OSCCAR EU research project

Dr Andre Eggers, mechanical engineer, Matthias Schießler, mechanical engineer, and  
Julian Ott, mechanical engineer, “Passive Vehicle Safety, Biomechanics” section

level of trust in this procedure. With 
BASt as the lead agency, a stand-
ardised method was developed to 
assess the quality of vehicle sim-
ulation models in order to enable 
future virtual test procedures using 
virtual human models in safety as-
sessments. This requires defining 
substitute load cases for validation 
purposes, which create comparable 
loads on the vehicle’s surroundings 
and can be physically tested with the 
existing test procedures, for example, 
by using dummies. The quality of the 
virtual simulation models can be as-
sessed by comparing the results to 
corresponding results of physical 
simulations. If this results in a positive 
assessment, a safety assessment 
using virtual human models can then 
be conducted in this virtual vehicle 
simulation model.

Tests 
In accordance with the procedure to 
assess the quality of virtual vehicle 
simulation models described above, 
BASt has conducted a number of 
test series for validation. To this end, 

a novel belt system was deployed 
which was especially designed for 
lying positions so as to avoid subma-
rining (body slides under the seat belt 
and is exposed to the risk of severe 
to lethal injuries). At the same time, 
the corresponding simulation model 
of the vehicle’s surroundings was set 
up, calibrated and finally approved 
for the safety assessment with virtual 
human models.

Harmonised injury criteria are neces-
sary for a safety assessment of oc-
cupant safety concepts using virtual 
human models. During the project, 
we succeeded in developing a pro-
posal for a harmonised criterion for 
thorax injuries, which are the main 
cause of severe injuries or occupants 
being killed.

Occupant safety can also be re-
viewed for reclining seating positions 
in the future using the novel, simula-
tion-based approach developed in 
the scope of OSCCAR. The project 
showed the need for further research 
in the following fields:

• Necessity of new biomechanical 
data and dummies for reclining 
seating positions.

• Certification of virtual human 
models as well as harmonisation 
of associated injury criteria.

The procedure for assessing the 
quality of vehicle simulation models 
needs to be evaluated and further de-
veloped on the basis of further load 
cases and tests.

Combining virtual test procedure with using virtual human models (safety assessment) 
and physical tests using dummies (quality assessment of simulation model)
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Passive protection of vulnerable road  
users at Euro NCAP
Oliver Zander, safety engineer, deputy head of section, Julian Ott, mechanical 
engineer, and Marcus Wisch, mechatronics engineer, “Passive Vehicle Safety, 
Biomechanics” section

BASt was instrumental in revising 
testing and assessment procedures 
of passive in-vehicle protection sys-
tems for vulnerable road users con-
ducted by the “pedestrian safety” 
working group at the European New 
Car Assessment Programme (Euro 
NCAP).  

The aim is to extend the protection 
scope to cyclists as the second 
largest group of vulnerable road 
users. To this end, the results of a 
BASt research project [1] were used 
as a basis to expand the head impact 
zone in the vehicle’s longitudinal di-
mension to a wrap-around distance 
of 2,500 millimetres and to adapt the 
test parameters from the roof edge 
as a potentially new test zone (crash 
angle 45 degrees). Upstream simu-
lations at BASt using virtual human 
models resulted in making the mod-
ified general constraints applicable 
to Pedelec drivers as well: they are 
increasingly gaining significance in 
the official accident statistics. 

Windscreen areas are no longer by 
definition assessed as low risk areas 
for injuries, but will need to be tested 
henceforth in the future.  Potential re-
peat tests are envisaged for the time 
being to account for the atypical 
cracking behaviour of windscreens 
that is often observed. 

At the same time, the introduction 
of the new “aPLI” (advanced Pedes-
trian Legform Impactor) will enable a 
more biofidelic assessment of inju-
ries to pedestrians’ lower extremities. 
The new leg impactor corresponds 
in essence to the leg impactor with 
upper body mass [2] developed 

under BASt leadership in the SEN-
IORS project to enable forecasting 
impact injuries. BASt analysed the 
in-vehicle requirements planned for 
the initial phase using in-depth ac-
cident reviews in the GIDAS data 
base. BASt also developed corridors 
for dynamic certification tests using 
aPLI [3]. To close the gap between 
head and leg impact zones at the 
vehicle’s front and to counter pos-
sible undesirable developments, the 
tests using upper thigh impactors 
will also be continued in the future, 
while during future assessments, the 
maximum force vector will be used 
as the sole indicator for the risk of 
hip joint and pelvic injuries. 

Due to the corona pandemic, the 
new testing and assessment proce-
dure will be applied as of 2023 with 
a one-year delay. The rating system 
will also be modified during the in-
troduction. For the first time, injuries 
to the head and lower extremities will 
be weighted equally. Furthermore, 
the weighting of the upper thigh im-
pactor will be decreased and that of 
the leg impactor increased.

At the same time, positive rating 
points will be required in the future 
for each impact zone (cyclist head, 
adult head, child head, hip, upper 
thigh, knee with lower thigh) as a 
minimum requirement to achieve a 
5-star overall rating from Euro NCAP. 

The new Euro NCAP requirements 
enable a practically all-encom-
passing assessment of the vehi-
cle’s front and are thus a useful 
supplement to the modified testing 
and legal minimum requirements 

resulting from the introduction of 
the General Safety Regulation (EU) 
Number 2019/2144.
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PIONEERS - safety equipment for  
motor cyclists    

Daniel Huster, automotive engineer, and Sandra Breunig, physicist,  
“Passive Vehicle Safety, Biomechanics” section

The PIONEERS (Protective Inno-
vations of New Equipment for En-
hanced Rider Safety) research pro-
ject funded under the Horizon2020 
Programme celebrated its conclu-
sion in October 2021 in Barcelona 
after 3.5 years – in a hybrid format 
because of the pandemic. During 
these years, 16 partners from 6 
countries addressed the safety of 
driving powered two-wheelers (PTW) 
on European roads. Based on the 
results of analysing European and 
Australian accident data, the focus 
was on the problems and needs 
of two user groups: motorcyclists 
driving mainly on non-built-up roads 
and using their motorcycles in their 
leisure time and scooter users trav-
elling in urban traffic on a daily basis.

The protection of riders of two-
wheeled vehicles was reviewed from 
head to toe. To this end, it was nec-
essary to develop a new approach 
as a starting point to describe and 
assign injuries to the relevant body 
regions. This was then used to de-
rive what protective systems were 
needed and the requirements these 
had to fulfil.

Protective gear elements
The protective gear elements de-
veloped as part of the PIONEERS 

project include a novel motorcycle 
helmet with optimised energy ab-
sorption using 3D printed deforma-
tion materials, air bags that are car-
ried on the body and integrated into 
protective gear, offering improved 
protection of the thorax, novel trou-
sers to protect the pelvic region and 
optimised touring boots to protect 
feet and ankles. For people sitting on 
motor scooters, leg covers with inte-
grated energy absorption elements 
were developed as in-vehicle pro-
tection systems, and also an air bag 
was developed as leg protection in 
lateral motorcycle-car collisions. In 
addition, the researchers looked into 
the effect of autonomous braking 
assist systems for motorcycles.

Test and assessment methods
Existing test and assessment 
methods were also adapted and 
new methods defined to further 
improve the safety of riders of two-
wheeled vehicles. A free-fall test 
rig erected by BASt in 2019 – for a 
more real-life testing of motorcycle 
helmets – is used to test the helmets 
in question by causing them to ro-
tate as a consequence of tangential 
impact. This movement is a better 
representation of the kinematics in 
a real accident situation and is con-
sidered an important source of brain 

injuries in motorcycle occupants. 
Measurement technology and as-
sessment criteria that were adapted 
correspondingly were applied and 
analysed in the PIONEERS project. 

There is no uniform test method 
as yet for the assessment of neck 
braces. PIONEERS provided initial 
approaches with which to analyse 
the geometric compatibility between 
a motorcycle helmet and a neck 
brace. As no generally accepted as-
sessment exists for neck braces to 
date, it is intended to further develop 
these assessments in the future.

As a final step, an estimate was 
made about the potential societal 
benefit of improved road safety – 
such as less severe injuries, fewer 
motorcyclists killed in accidents –  
and about the resulting economic 
benefit of three PIONEERS proto-
type systems using new injury risk 
functions and simulative parameter 
studies.

www.pioneers-project.eu
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Navigation services are becoming cooperative

Peter Lubrich, civil engineer, and Dr Lutz Rittershaus, physicist and engineer, head 
of “Connected Mobility” section

Road users are increasingly using 
mobile and in-vehicle end devices 
in their daily mobility, such as nav-
igation apps. The associated con-
trol function, for example to select 
routes, thus competes directly with 
collective traffic management by 
public infrastructure operators – 
such as traffic control centres. Navi-
gation and routing service providers, 
however, currently usually act in an 
uncoordinated manner, independent 
of the interests and strategies of the 
public sector. In practice, this in-
creasingly leads to inconsistencies 
between public traffic management 
and private sector information and 
navigation services. Approaches 
to overcome these inconsistencies 
already exist, including concerning 
the standardisation of data to be 
exchanged. Today, however, only a 
limited number of infrastructure op-
erators provide relevant messages, 
or these messagescannot be used 
by the navigation services due to a 
lack in compatibility, which means 
that the objective of consistent infor-
mation across all media has not yet 
been achieved.

Cooperation between public and 
private actors 
A cooperation among the various 
partners from both the public and 
the private sectors is now tackling 
these problems. The idea behind 
it is that the partners tap into their 
respective skills and information 
channels as best they can, using 
them to harmonise and increase the 
efficiency of traffic management. To 
this end, cooperation concepts first 
need to be developed that aim to 
create promising framework condi-
tions and joint strategies. Overall, 

the aim is to provide coordinated, 
optimal information to road users 
– including autonomously driving 
vehicles in the future – using a va-
riety of channels, ultimately also pro-
moting safe, emission-reduced and 
efficient mobility.

There are no cooperation concepts 
in place yet and no comprehensive 
experience with pilot projects or 
practical application which would 
prove the effectiveness and relia-
bility of such concepts.

A European proof-of-concept
The challenges described above 
were addressed in the ongoing 
SOCRATES2.0 project co-funded 
by the EU. Local road authorities 
(including the Motorway Directorate 
of Bavaria) in 4 European coun-
tries were involved as well as inter-
national traffic information service 
providers, car manufacturers and 
IT companies. Besides jointly coor-
dinating a cooperation framework, 
innovative services for a coopera-
tive traffic management were de-
veloped, tested and evaluated. The 
services comprise strategy-compat-
ible routing, low-emission zones and 

roadworks-related information, as 
well as virtual parking guidance and 
information systems and dynamic 
traffic management systems. They 
are based on the mutual exchange 
of data, as well as coordinating con-
ventional communications such as 
variable message signs with modern 
applications such as smart phone 
apps, connectivity functions in vehi-
cles and social media. With the par-
ticipation of more than 20,000 road 
users, the acceptance and practica-
bility of the cooperative services de-
veloped were tested in the regions 
of Munich, Amsterdam, Antwerp and 
Copenhagen. 

BASt co-developed the cooperation 
concept and headed the validation 
phase during the project. In addi-
tion, BASt is pursuing a further in-
troduction of the concept, including 
in ongoing follow-up projects with 
other municipalities and regions in 
Germany.

https://socrates2.org 

Concept for cooperative traffic management
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European ITS platform – intelligent traffic management for Europe

Dr Torsten Geißler, economist, deputy head of section, Farzin Godarzi, electrical engineer, Peter Lubrich, civil engineer,  
“Connected Mobility”section, Orestis Giamarelos, civil engineer, and Peter Gusia, civil engineer, “Traffic Management and  
Road Maintenance Services” section

Expectations concerning the per-
formance of the European traffic 
infrastructure are growing due to 
the population’s increasing mobility 
and increased volumes in goods 
transport. Smart traffic management 
is vital for the EU’s high-level road 
network to ensure the security of 
supply, uninterrupted supply chains 
and individual freedom of movement 
in line with ambitious goals in climate 
action and road safety in Europe.

Intelligent transport systems (ITS, 
see ITS Directive 2010/40/EU), an 
exchange of dynamic traffic data 
across national borders and com-
petencies in standardised formats 
as well as harmonised requirements 
for services are crucial elements 
of smart traffic management. With 
these, traffic flows can be controlled 
better, the infrastructure’s capacity 
better utilised, and the users can 
be informed on an ongoing basis. 
ITS corridors on the roads of the 
Trans-European core network are 
technical and organisational trail-
blazers. There, the European Com-
mission is funding a harmonised 
implementation of ITS services by 

federal and regional authorities, 
infrastructure operators and other 
private and public partners, for ex-
ample, logistics hubs. 

Objective, purpose and tasks of 
the platform 
The European ITS Platform (EU EIP) 
organises knowledge management 
for ITS, making it easier to define 
generally accepted state-of-the-art 
technology as the basis for harmo-
nisation. Setting up, expanding and 
maintaining harmonisation tools all 
play a central role in the platform, 
which enables the exchange and 
accelerated dissemination of prac-
tice-oriented (empirical) knowledge.  
This is also the role of the ITS Forum 
(Utrecht, 2018) and the ITS Forum 
Webinar series 2020/2021. In addi-
tion, the EU EIP is an important link in 
implementing delegated acts under 
the ITS Directive – including real-time 
traffic information, safety-relevant 
traffic information, multi-modal travel 
information and intelligent parking 
guidance for lorries. The monitoring 
of ITS implementation and an impact 
assessment – assessing the impact 
of ITS on road safety, flow of traffic, 

climate- and en-
vironment-related 
emissions – are also 
among the essential 
tasks the platform 
is involved in (www.
i t s - p l a t f o r m . e u /
achievement).

BASt involvement
BASt coordinated 3 
working groups in 
EU EIP: monitoring 
and dissemination 
(also comprises the 

cooperation among the ITS corri-
dors), the quality of European ITS 
services and supporting the imple-
mentation of cooperative systems 
and services (C-ITS). BASt provided 
its expertise to working groups, sup-
porting evaluation, implementing the 
East-West-Corridor in a pilot project 
and harmonising national access 
points (NAP) and interfaces for da-
ta-exchange. BASt’s contribution 
also consisted of working on the 
question what measures the traffic 
infrastructure itself can offer to make 
Automated Driving easier.  

Reference handbook for de-
ploying ITS core services in 
Europe 
The publication of the “Reference 
Handbook for Harmonised ITS Core 
Service Deployment in Europe” is one 
milestone the EU EIP has achieved 
in harmonising ITS. The reference 
handbook consists of a series of 
guidelines and recommendations for 
road traffic authorities and operators 
to support them in designing, intro-
ducing, installing and operating ITS 
services, ensuring compliance with 
European legislation in the process.

The reference handbook is based 
on the existing “Deployment Guide-
lines”, whose content has been up-
dated and expanded. It includes 14 
ITS services in 3 categories: pas-
senger information, traffic manage-
ment services and freight transport 
and logistics services. A detailed ser-
vice profile will be developed for each 
service and a series of requirements 
and recommendation will follow. 
Compliance with delegated acts 
under the ITS Directive was ensured.from left: Peter Gusia, Orestis Giamarelos, Dr Torsten Geißler and 

Farzin Godarzi
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Road operators’ traditional domains 
have opened up for actors to ex-
change data and information beyond 
their own fields of responsibility. The 
reference handbook includes the re-
sults of the European C-ITS platform 
(C-ROADS) so that the users of the 
handbook can see how other data 
services and future C-ITS services 
will impact their systems and their op-
eration. In addition, “recommended 
DATEX II service profiles” were devel-
oped for the ITS services contained 
in the reference handbook (www.
its-platform.eu/reference-handbook).

Quality packages for European 
ITS services 
BASt has drafted a number of quality 
frameworks for ITS data and services. 
These quality packages deal with the 
definitions and concepts for quality 
assurance and assessment of such 
data and services. The background 
is that the efficiency and acceptance 
of ITS services greatly depend on 
certain quality criteria from the pas-
sengers’ point of view, for example, 
in the form of latency periods, error 
rates or coverage rates. Further, such 
services are based on data provided 
from various sources, which means 
there is a clear correlation between 
the quality of an ITS service and the 
data it is based on. 

Quality-relevant definitions and con-
cepts are derived from the experience 
in ITS operations acquired by the Eu-
ropean partners and the expertise of 
public and private actors. Mainly data 
managers and data specialists are 
the target group for the quality pack-
ages, such as traffic management 
centres or the national access points, 
the MDM in Germany. 

Starting with conventional utilisation 
of ITS, such as real-time passenger 
information related to road traffic, 
more topics and actors were added 

during the project, in-
cluding multi-modal 
journey planning 
and C-ITS services. 
Overall, there are 
now quality packages 
available across the 
entire range of current 
ITS. Involving actors 
from different compe-
tencies and countries 
under BASt’s coordi-
nation has contributed to a high ac-
ceptance of these quality assurance 
and quality assessment frameworks 
for ITS.

Integrating C-ITS into the opera-
tional processes of road authori-
ties and operators
A comprehensive view of all associ-
ated technological developments, 
from ITS to C-ITS, was created and 
addressed during a structured col-
laboration with the C-Roads platform, 
in order to support C-ITS services, to 
create successful guidelines for their 
introduction and testing and transi-
tion to a regular operations following 
successful testing. The C-Roads 
platform is a joint initiative of the EU 
Member States to pilot and initially 
implement C-ITS services, including 
the harmonisation of service spec-
ifications, communication profiles 
and interoperability tests between 
road operators and the automotive 
industry. 

An implementation guide was one 
of the essential results of this col-
laboration. It is intended as an initial 
starting point for road traffic authori-
ties and operators interested in inte-
grating C-ITS services into their busi-
ness portfolios. The implementation 
guide consolidates experiences with 
the strategic challenges of a tech-
nical, organisational and legal na-
ture from national and cross-border 
perspectives. The document offers 

a series of recommendations for the 
complexity of C-ITS-related deci-
sion-making processes and associ-
ated steps: from preparatory aspects 
and drafting and planning decisions 
to implementation and operation and 
the final steps of evaluating and mon-
itoring the entire process.

Selected results of the European ITS platform
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Emergency braking system for heavy-duty  
vehicles – adapting international regulations
Dr Patrick Seiniger:, mechanical engineer, deputy head of section, and  
Daniel Sander, mechanical engineer, “Active Vehicle Safety and Driver Assistance 
Systems” section

Rear-end collisions involving heavy-
duty vehicles often lead to dramatic 
consequences because of the im-
pacting vehicle’s large mass and 
often high relative speed, no matter 
whether the vehicle hit is a pas-
senger car or itself a heavy-duty ve-
hicle. This is why emergency braking 
systems warning lorry drivers of crit-
ical situations and automatically ini-
tiating braking in emergencies have 
been mandatory for many years.  
These systems were the first driver 
assistance systems which were ac-
tually obligatory in vehicle type ap-
proval. 

Early regulations – advantages 
and disadvantages
Since November 2018, no heavy-
duty vehicle or bus can be newly 
registered for use in traffic in the 
European Union without this protec-
tion: the systems were introduced 
gradually starting in 2013 for the type 
approval of heavy-duty vehicles, i.e., 
the approval of a mass-produced 
vehicle for use in traffic.

But this is exactly the crux of the 
matter: the corresponding technical 
regulations were finalised at the be-
ginning of the last decade when the 
technology of these systems was 
still in its infancy. The initial systems 
had problems, for example, distin-
guishing stationary vehicles from 
other metal objects – such as safety 
barriers or traffic signs – which 
meant that it was only possible to re-
quire a small automatic reduction in 
speed in front of stationary vehicles 
for type approval and registration. 

The overall result was that though 
the emergency braking systems 
made very good contributions to 
preventing accidents or mitigating 
the consequences of accidents, but 
this does not apply to every situa-
tion, in particular not to stationary ve-
hicles, a situation frequently found at 
the end of a tailback. This accident 
type is significantly over-represented 
in the number of accidents and un-
fortunately still associated with many 
severe injuries and deaths.

Why is an adaptation important?
Germany is a transit country for 
heavy-duty vehicles, which is why 
many accidents take place here. 
As early as 2016, BASt – commis-
sioned by the Federal Transport 
Ministry – started to research what 
requirements could be imposed 
on emergency braking systems 
for heavy-duty vehicles based on 
state-of-the-art technology and 
from a road safety perspective. The 
findings of these research projects 
showed that the requirements could 
be increased significantly without 
posing unsolvable technical prob-
lems to vehicle manufacturers.

The processes to change automotive 
engineering regulations are com-
plex; discussions on these are held 
globally at the United Nations (UN) 
level with the participation of nation 
states and NGOs, including indus-
trial safety and road safety associ-
ations. A corresponding regulation 
then needs to be introduced by the 
European Union in a legally binding 
manner.

Upcoming requirements for 
emergency braking systems
The majority needed to introduce 
a working group at the UN level to 
adapt the regulations was achieved 
in 2020. This group is led by Japan 
and Germany – represented by BASt 
– and developed a draft regulation in 
a timely manner, which is calling for:

• Collision prevention for speed dif-
ferences of up to 70 kilometres 
per hour, regardless whether the 
other party in the accident is a 
stationary or moving vehicle

Current version of MAN TGX, with full load, braking at 90 kilometres per hour in front of a 
stationary vehicle target object which was touched only lightly here at a residual speed of 10 
kilometres per hour – preliminary tests by BASt for Euro NCAP in November 2021
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• At a speed difference of 80 kilo-
metres per hour, the collision 
speed may not exceed 28 kilo-
metres per hour; at 90 kilometres 
per hour may not exceed 42 kilo-
metres per hour (provisions for 
heavy-duty lorries and buses).

• For the first time, the systems will 
be tested not only at a speed of 
80 kilometres per hour (the max-
imum permissible speed for lor-
ries in almost all of Europe), but 
also for a maximum speed of 90 
kilometres per hour. Studies have 
shown that in practice lorries 
for the most part travel at a little 
under 90 kilometres per hour.

• Avoiding collisions with pedes-
trians at speeds of up to 20 kilo-
metres per hour – as a first step, 
since the technology in this re-
gard is still new.

• Extensive restructuring of the 
regulation, enabling the require-
ments to be tested not only in a 
single test case but across the 
entire speed range.

This would result in an adaptation 
of the regulation that corresponds 
to a large extent to state-of-the-art 
technology, in particular against the 
backdrop that regulations stipulate 
minimum requirements. Vehicle 
manufacturers are always permitted 
to do more than the minimum re-
quirements.

This draft regulation is now going 
through the processes at the United 
Nations and is likely to enter into 
force at the end of 2022. About two 
years later, the regulations will then 
apply to all newly approved vehicles 
and a little later still to all newly regis-
tered vehicles.

Applicable only in a couple of 
years – what happens in the 
meantime?
Automotive engineering regulations 
are a powerful tool for road safety 
because they impose minimum re-
quirements for all vehicles entering 
the market. But because of their 
complex development process and 
transitional provisions, they are also 
a slow tool.

In the meantime, consumer pro-
tection organisations such as Euro 
NCAP can help provide a type of in-
centive for vehicle manufacturers to 
over-comply with current regulations 
or be early adopters of new regu-
lations. Euro NCAP, for example, is 
currently developing a concept for 
the assessment and certification of 
heavy-duty vehicles for motorways, 
to provide an estimation of the road 
safety of lorries to hauling compa-
nies and to municipalities. The core 

component of this certification will 
be the upcoming regulation content.

Current version of MAN TGX, with 
full load.

Current version of Mercedes-Benz Actros (unladen) braking in front of a moving child 
dummy – preliminary tests by BASt for Euro NCAP and regulations in April 2021; collisions 
were avoided at a driving speed of about 20 kilometres per hour: This lorry type is the first 
type globally with automatic emergency braking for moving pedestrians.
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Further development of exhaust emissions testing

Sigrid Limbeck, process engineer, “Motor Vehicle Emissions” section

The exhaust emissions inspection 
for motor vehicles is part of the main 
inspection, based in turn on the 
German Road Vehicles Registration 
and Licensing Regulations (StVZO). 
The associated directive clearly de-
fines how to conduct this inspection 
which, in the case of diesel cars, for 
example, aims to review the cleaning 
effect of built-in filters. A fully func-
tional filter removes 95 to 99 per cent 
of particles from exhaust emissions.  

Turbiditimetry is currently used in 
diesel vehicles for this inspection. 
It has been announced that the tur-
biditimetry measurements, which 
are insufficient for newly developed 
vehicles, will be replaced by a meas-
urement of the number of particles. 
During this measurement, soot parti-
cles that are emitted from the tailpipe 
are counted. These minute particles 
are between 25 and 200 nanometres 
in size. They are thus respirable and 
classified by physicians as a health 
hazard and carcinogenic.

Measuring the particle number 
during an emissions test
The introduction of particle number 
measurements, ranging from ap-

plying the measuring method to 
exhaust emissions testing to intro-
ducing it in test centres, requires 
the cooperation of a wide variety of 
institutions. This includes the Fed-
eral Transport Ministry, test centres, 
manufacturers of measuring equip-
ment, the National Metrology Insti-
tute (PTB), calibration authorities 
and calibration laboratories. These 
institutions have been brought to-
gether in a working group headed 
by BASt and PTB to bring about the 
introduction of this measurement. 
The first step consists of defining 
a measuring method for soot parti-
cles. To this end, suitable measuring 
devices must be available, and the 
measuring process must be de-
fined. An assessment of the meas-
ured results is possible only once a 
threshold value has been set to dis-
tinguish functional filters from defi-
cient ones. In two research projects, 
BASt has developed a measuring 
method, a measuring procedure and 
a limit value and submitted these to 
the Federal Transport Ministry. One 
result of the studies clearly shows 
the benefit of such a measurement 
in the exhaust emissions inspec-
tion: a study comprising more than 

500 motor ve-
hicles showed 
that a small per-
centage of de-
ficient vehicles 
were respon-
sible for more 
than 90 per cent 
of particle emis-
sions in exhaust 
gases. 

At the moment, 
manufacturers 

of measuring equipment are devel-
oping suitable devices for the emis-
sions inspection and launching them 
on the market. The volume of de-
vices needed in the market is large, 
since there are more than 30,000 
test centres in Germany conducting 
exhaust emissions inspections. In 
addition, these devices need to un-
dergo a prototype approval and be 
calibrated every year. 

Conclusion and outlook
The introduction of particle number 
measurements for exhaust emis-
sions testing is required from a tech-
nical point of view to detect deficient 
particle filters. The transition to this 
new measuring method requires 
great effort and expense. Applying 
this measurement to all diesel ve-
hicles, passenger cars and heavy-
duty vehicles requires the involve-
ment of many stakeholders prior 
to the introduction, in order to take 
into account, if possible, all factors a 
change in this measurement entails. 

Since one single deficient diesel 
filter will cause as many emissions 
as 100 - 1,000 passenger cars with a 
functioning filter, the particle number 
measurement as part of the exhaust 
emissions inspection is an important 
contribution to reducing particles 
emissions in our air.

References
[1] Particle number measurements 

in the scope of further devel-
oping the exhaust emissions 
inspection Partikelanzahlmes-
sungen im Rahmen der Weiter-
entwicklung der Abgasuntersu-
chung (2020),  
www.bast.de/abgasuntersuchung

Result of the 2020 monitoring study - assigning number of particles to 
the share of motor vehicles (source: VdTÜV [1])
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Green NCAP

Uwe Ellmers, physicist, head of the “Motor Vehicle Emissions” section

Euro NCAP – an independent con-
sortium under Belgian law made up 
of representatives from 7 European 
governments, consumer protection 
associations, automotive associa-
tions and the insurance sector – has 
been a well-known and established 
institution in the field of road safety 
for many decades. Some members 
of Euro NCAP founded a second 
pillar focusing on environmental is-
sues in 2017 – Green NCAP.

Green NCAP is an initiative that deals 
with evaluating the exhaust-related 
and environmental behaviour of cur-
rent passenger cars. The members 
from a range of European coun-
tries and institutions have set them-
selves the goal of assessing newly 
launched vehicles as regards their 
real exhaust behaviour and energy 
efficiency – i.e.., including resource 
consumption. It is not intended to 
do this by repeating procedures and 
pollutant limits defined in the type 
approvals, but rather should cover 
significantly more areas of engine 
load characteristics in line with the 
consortium’s aspiration. This aspira-
tion was taken into account in devel-
oping test procedures for laboratory 
testing and for real drives as well 
as in setting limit values for the ex-
haust gas components measured. 
This resulted in tests with changes in 
speed, load capacity or dynamics, 
as well as a test at a lower temper-
ature of - 7 degrees Celsius. A third 
assessment parameter was added 
last year – greenhouse gases. 

All results from the tests conducted 
on a dynamometer and from real 
drives are fed into an evaluation ma-
trix. As an end result, consumers will 

have a solid and comprehensive as-
sessment of very different vehicles 
in terms of drive concept, weight 
and shape. The range extends from 
conventional internal combustion 
engine to bi-fuel engines, hybrid 
drives to purely electrical vehicles. 
This even includes testing a vehicle 
with a drive system based on fuel 
cell technology.

A basic bench-
mark in the eval-
uation is the re-
duction of current 
limit values by 
half in the area 
of the regulated 
pollutants carbon 
monoxide (CO), 
nitrogen oxide 
(NOx), total hy-
drocarbon (THC), 
particle number 
(PN) and particu-
late matter (PM). 
In addition, how-
ever, the meas-
urements and evaluations also in-
clude climate-relevant gases not yet 
regulated in Europe to date: nitrous 
oxide (laughing gas, N2O), am-
monia (NH3) and methane (CH4).

Unsurprisingly, the interim result 
shows that vehicles with a purely 
electrical drive system have the 
highest score, followed by hybrid 
vehicles. Heavy and large vehicles 
such as SUVs or vans with conven-
tional drives are at the low end of the 
scale.

In total, roughly 60 vehicles have 
been tested and evaluated in the 
programme thus far. The EU-funded 

“Green Vehicle Index (GVI)” project 
has made a pertinent contribution to 
achieve this. It is intended to greatly 
increase the number of tested vehi-
cles in upcoming years.

The Green NCAP’s roadmap en-
visages a consolidation of the pro-
gramme which has already started 
for the next years. The perspective 
is to be expanded from purely ve-

hicle-oriented “tank to wheel” re-
views – looking at only the energy 
consumption in the vehicle – to 
a broader “well to wheel” view – 
looking at the entire energy chain 
from manufacturing to consumption  
– and including the lifecycle.

www.greenncap.com

www.gvi-project.eu

Test vehicle on a dynamometer (Photo: Green NCAP)



© mmphoto - stock.adobe.com



Road safety at the centre of research

Safe cycling in a jointly used road environment

Pedelec: new opportunities – new risks

Atlas of accidents involving children 2015 to 2019

Road user culture 2020

Optimising learner driver training

© Paolese - stock.adobe.com



68

Safe cycling in a jointly used road environment

Dr Martina Suing, psychologist, “Road User Behaviour and Mobility” section and Dr Benjamin Schreck-von Below, traffic engineer, 
“Safety Concepts, Safety Communication” section (at BASt until October 2021) 

BASt develops safety research pro-
grammes that address questions 
concerning selected topics in a 
targeted way. One case in point is 
the “Safe cycling in a jointly used 
road environment” topic which 12 
scientists from the “Behaviour and 
Safety”, “Traffic Engineering” and 
“Automotive Engineering” depart-
ments have been working on in an 
interdisciplinary manner since 2021. 

Programme objective
Cycling is becoming increasingly 
popular and often saves time com-
pared to using a car. At the same 
time, cycling is an environmentally 
friendly and healthy activity. In inner 
cities, cycling often takes place in 
a road environment jointly used 
with other road users. The available 
space is restricted and character-
ised by various means of mobility 
competing for specific traffic areas. 
Accident statistics indicate that the 
increase in cycling over the past 
years has also been accompanied 
by an increase in the number of 
traffic accidents involving cyclists. 
In built-up areas, they make up by 
far the largest group of road users 
among those involved in accidents 
causing severe personal injury 
(deaths and severe injuries). 

This safety research programme’s 
objective is thus to examine what 
measures can contribute to im-
proving road safety in the jointly 
used road environment and to 
promoting respectful cooperation 
among cyclists and other road 
users. The aim is to decouple pro-
moting the increase in attractive-
ness of cycling from an increase in 
traffic accidents.

Placement in the Federal  
Government’s road safety pro-
gramme  
The “Safe Cycling” action field of the 
Federal Governments 2021-2030 
road safety programme shows that 
the existing successful solutions for 
steadily growing cycling traffic need 
to be better implemented and that 
new research-based approaches 
for measures need to be devel-
oped. 

The “Safe cycling in a jointly used 
road environment” safety research 
programme [1] has been imple-
mented as one measure and is thus 
making an important contribution to 
improving road safety. 

Open questions and research 
projects 
The safety research programme 
consists of a series of research pro-
jects examining the perception and 
behaviour of cyclists and other road 
users in jointly used road traffic. The 
projects include the development 

and testing of infrastructure ele-
ments in pilot projects, for example, 
protected intersections, testing of 
automotive engineering safety sys-
tems, reviewing and improving the 
visibility of cyclists, for example, by 
means of LED lighting in the road 
environment, as well as cyclists’ 
personal protective equipment. 
Reviewing and developing com-
munication measures to inform the 
general public and influence their 
behaviour is another component of 
the programme. In addition, BASt 
is collaborating closely with the city 
of Freiburg im Breisgau to test new 
infrastructure elements in pilot pro-
jects. 

Besides objective criteria – in-
cluding accident history, interac-
tions and conflicts – subjective cri-
teria will also be applied, primarily 
including how safety is subjectively 
perceived. The basic assumption is 
that one’s subjective perception of 
safety co-determines the accept-
ance and thus the use of cycling 

Restricted traffic area capacity in inner cities How can cycling be made safe and at 
the same time more attractive in the jointly used road environment?
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traffic elements – such as advisory 
cycle lanes – and may be a crucial 
factor in deciding to use bicycles 
as a means of transport in the first 
place. 

The following questions will be re-
searched in the safety research pro-
gramme to gain scientific insights:

• To what extent do road user’s 
subjective perceptions of safety 
play a role in selecting a means 
of transport, in route selection, in 
selecting the traffic areas to use 
and in road use behaviour, and 
how can these be positively influ-
enced?

• In what situations does the sub-
jective perception of danger differ 
from the real hazards and how 
can cyclists’ safety be increased 
by measures to improve hazard 
perception?

• What traffic rules are familiar to 
road users, which ones are com-
plied with and what are the rea-
sons for non-compliance?

• What influence do cycle networks 
have on jointly used road environ-
ments and how do cycle networks 
need to be further developed?

• How safe are infrastructure ele-
ments such as “protected bike 
lanes” and “protected intersec-
tions”, and would it make sense 
to establish those in Germany?

• How effectively can technical in-
novations – such as LED street-
lights, braking technology for 
Pedelecs/cargo bikes, daytime 
running lights for bicycles – con-
tribute to improving road safety?

Dissemination of research  
findings
BASt’s interdisciplinary working 
group will be dealing with these 
issues for a period of 6 years. The 
findings will be published on the in-
ternet, in BASt’s publication series, 

in specialised press and at confer-
ences.
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Pedelec: new opportunities – new risks

Tobias Panwinkler, geographer, “Accident Statistics, Accident Analytics” section

The Pedelec 25 – pedal electric cycle 
or e-bike – has been becoming in-
creasingly popular in recent years. 
As the auxiliary motor with a max-
imum continuous rated power of 250 
watts supports the cyclist’s pedalling 
only up to a speed of 25 kilometres 
per hour, the Pedelec 25 is on the 
same legal footing as a conventional 
bicycle, and thus the same rules and 
obligations apply. This makes the 
Pedelec attractive for many people 
who have not used bicycles in traffic 
before, since the Pedelec 25 makes 
it easier to overcome different gra-
dient levels or travel greater dis-
tances This offers opportunities for a 
sustainable traffic transition, such as 
reducing passenger car traffic – and 
thereby CO2 emissions – as well as 
traffic jams.

Development of accident  
statistics
The increasing use of Pedelecs, 
however, also led to more accidents 
involving these vehicles. This in-
crease in Pedelec accidents resulted 
in an overall increase of accidents in-
volving bicycles in the past 5 years, 
with a relatively steady increase in 
the number of accidents involving 
conventional bicycles. This makes 
it necessary to look at accidents 
involving Pedelecs 25 in greater de-
tail to gain specific insights for road 
safety work. Pedelecs 25 have been 
separately coded in police records 
of accidents only since 2013. There 
has therefore not been sufficient in-
formation about accidents involving 
these vehicles, which is why BASt 
has initiated a number of research 
projects to examine various aspects 
of the accident situations involving 
Pedelecs 25. 

BASt provided initial detailed anal-
yses [2] of road traffic accident sta-
tistics in 2017. These showed that 
Pedelec 25 accidents often have 
more severe consequences than 
accidents involving conventional bi-
cycles, that they happen more fre-
quently outside built-up areas and 
that the Pedelec 25 users involved in 
accidents are on average older than 
the users of conventional bicycles 
involved in accidents. Furthermore, 
Pedelec 25 accidents are more often 
single-vehicle accidents [3].

Additional bicycle-specific infor-
mation is available only to a limited 
extent in the official statistics that 
would enable an adequate descrip-
tion of the specific characteristics of 
Pedelec accidents. Police records, 
however, include more information, 
besides the features of accidents 
described in the accident statistics. 
This includes a description of how 
the accident took place which the 
police writes up in a free text and, 
as the case may be, a sketch added 

to indicate the sequence of events, 
possible causes of the accident and 
further factors contributing to the 
accident. BASt thus launched an ex-
tensive project [4] with the support 
of the working group on traffic po-
lice-related affairs, during which the 
anonymised texts of 6,253 Pedelec 
25 accidents were read, information 
extracted, systemised and analysed 
to identify the specific characteris-
tics of accidents involving Pedelecs 
25. 

Accident causes
On this basis, in-depth analyses 
[5] of single-vehicle accidents of 
Pedelecs 25 were conducted in 
2020 and 2021. This study aimed to 
find out whether these accidents had 
specific causes that were not cap-
tured by the official accident statis-
tics, what were frequent causes and 
what causes triggered particularly 
severe injuries. To this end, the free 
text descriptions in police records 
were analysed and the results were 
compared to an evaluation of the 
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German In-Depth Accident Study 
(GIDAS) data. It was possible to de-
rive numerous new Pedelec-specific 
accident categories from the free 
text descriptions. The categories 
for the most part refer to the cyclists 
themselves or the design of the 
road. These were also the two fac-
tors held responsible for most ac-
cidents. Among the categories that 
were considered to cause accidents 
with most severe injuries, most cat-
egories also referred to the cyclists 
themselves. Severe injuries are also 
expected in accidents due to prob-
lems caused by inclined surfaces or 
technical defects. Relevant aware-
ness-raising activities, in particular 
by means of trainings, for example, 
in instruction courses or road safety 
trainings thus seem to be especially 
useful [6] to prevent severe Pedelec 
25 single-vehicle accidents or to mit-
igate their consequences.

One justified point of criticism which 
to date has not been taken into con-
sideration as yet is the lack of spatial 
reference parameters, such as the 
influence of demographic factors on 
accident situations. A study [7] of 

these factors started in spring 2021; 
its results are expected for 2022.

These research studies are being 
conducted as a basis for information 
in view of the sustained Pedelec 25 
trend. This data and these analyses 
aim to provide a basis for further 
internal and external work, for de-
veloping corresponding road safety 
measures and for further research 
on new forms of mobility.
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Atlas of accidents involving children 2015 to 2019

Dr Martina Suing, psychologist, and Dr Kerstin Auerbach, psychologist, “Road User Behaviour and Mobility” section, Nadja Färber, civil 
engineer, “Accident Statistics, Accident Analytics” section and Hartmut Treichel, physicist, deputy head of “IT Portfolio Management” 
section

Every road traffic accident involving 
a child is always a particularly tragic 
event. Accident research also fo-
cuses intensely on traffic accidents 
involving children: How many chil-
dren are involved in accidents in 
Germany, and how have accidents 
changed over the years? Are there 
regional differences?

The third edition of BASt’s atlas on 
accidents involving children can 
indeed show that the accidents in-
volving children under the age of 14 
are not evenly distributed across the 
country. Significant differences can 

be seen among the federal states, 
counties/urban districts and munic-
ipalities. How a child moves in road 
traffic –whether on foot, by bicycle or 
as a car occupant – is another deci-
sive factor.  

The current edition of the atlas of ac-
cidents involving children primarily 
focuses on data of accidents in-
volving children that happened be-
tween 2015 and 2019, juxtaposing 
this data with data from the second 
atlas of accidents involving children 
– comparative period 2006-2010. 
The atlas focuses special attention 

on accident resulting in severe per-
sonal injuries, i.e., children killed or 
severely injured. For the first time, re-
gionalised mobility data for children 
was also taken into account. 

The following accident and mobility 
indicators are the focus of the atlas 
of accidents involving children:

• Accident load – the number of 
children involved in accidents per 
100,000 inhabitants of the same 
ages

• Changes in the accident rate – 
compared to the 2006-2010 pe-
riod

• Traffic performance – kilometres 
travelled per child per day

• Accident rate – children involved 
in accidents per one billion kilo-
metres travelled

Analysis of children killed or se-
verely injured at the federal level
For the 2015-2019 period currently 
under review, the following accident 
load values (VB) were identified for 
children suffering severe personal 
injuries (SP) in traffic accidents per 
100,000 inhabitants of the same 

From left: Nadja Färber, Hartmut Treichel, Dr Martina Suing and Dr Kerstin Auerbach 

Number and accident load in children killed or severely injured in accidents by road user type: comparison between 2015-2019 atlas of 
children involved in accidents and the 2006-2010 atlas; SP = severe personal injury (deaths and severe injuries)
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ages. The highest accident load was 
found in children as pedestrians (VB 
(SP) = 14.7), followed by children 
as car occupants (VB (SP) = 11.6) 
and as cyclists (VB (SP) = 10.4). A 
comparison with the second atlas 
of accidents involving children for 
the 2006 – 2010 period shows a sig-
nificant reduction in the number of 
children as pedestrians and cyclists 
among the accident load (-24.6 per 
cent and -26.3 per cent), while there 

has been an increase in children as 
car occupants (+ 13.9 per cent).

Regional analysis of accident 
and mobility parameters 
The regional analysis of the acci-
dent and mobility indicators is con-
ducted at the comparative levels of 
federal states, counties/urban dis-
tricts and municipalities. The map 
depicts in an illustrative manner a 
summary of all road user types, pe-

destrian, cyclist, car occupant and 
other, involved in accidents using 
the example of the accident load for 
children in road traffic at the district 
level. This shows a high share of 
counties/urban districts with a rela-
tively high accident load in the fed-
eral states of Thuringia, Saxony and 
Saxony-Anhalt. Conversely, there 
is a larger share of counties/urban 
districts with relatively low accident 
load values in the federal states of 
Baden-Württemberg, Lower Saxony 
and Rhineland-Palatinate. 

An analysis by road user type shows 
a tendency that many densely pop-
ulated urban districts have relatively 
high accident rates involving chil-
dren as pedestrians and a low ac-
cident rate involving children as car 
occupants. The exact opposite is 
true for many counties in rural re-
gions. An analysis at the municipality 
level reveals that children as cyclists 
are primarily at risk in central towns 
of rural regions.

Conclusion 
By breaking these regionalised indi-
cators down to the various admin-
istrative levels, those responsible in 
the fields of politics, administration 
and police can see for their area 
of responsibility an overview of the 
status quo in the situations of chil-
dren involved in accidents and the 
development over the past years in 
order to derive targeted measures to 
improve road safety.
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Road user culture 2020

Dr Hardy Holte, psychologist, “Road User Behaviour and Mobility” section

The way in which road users treat 
each other is a popular topic in mass 
media. We hear and read often how 
road traffic is becoming increasingly 
aggressive and road user culture is 
changing for the worse. Such con-
clusions are often drawn from cur-
rent reports on individual cases of 
aggressive behaviour or from results 
of surveys among the population. 
These generalisations cannot, how-
ever, thus far be confirmed from a 
scientific point of view. There are no 
reliable objective criteria that could 
be measured to enable such state-
ments. The frequency of reported 
crimes of aggression in road traffic 
depends to a great extent, for ex-
ample, on the amount and purpose 
of police surveillance. At this point in 
time, it is not possible to indicate pre-
cisely based on objective parame-
ters how frequent acts of aggression 
in road traffic are and how road user 
culture has developed. This is also 
due to diverging opinions among 
experts and road users about what 
behaviour can be considered ag-
gressive and what the term “road 
user culture” means [1,2].

Criteria
As to date there are no objective 
criteria to reliably measure road 
user culture, research in this field 
uses personal assessments by road 
users interviewed. An initial meas-
urement of road user culture was 
conducted by BASt in a new study 
[3]. This survey on road user culture, 
designated the baseline measure-
ment, is the starting point of planned 
surveys on road user culture that 
will be continuously conducted. A 
narrow definition serves as a basis, 
defining road user culture exclusively 

as the perception and assessment 
of how road users behave towards 
each other. The following question 
is a  case in point: “How would you 
describe how different road user 
groups treat each other using the 
following attribute pairs? Car drivers 
often treat other car drivers ... “. The 
attribute pairs offered as responses 
are: tense/harmonious, aggressive/
friendly, egotistical/helpful, unfairly/
fairly, demandingly/accommodat-
ingly, roughly/politely and inconsid-
erately/considerately. For each at-
tribute pair, the interviewee had the 
possibility to give a rating between 
-3 (for example, very aggressive) 
and +3 (for example, very friendly).  

The road user culture was described 
using 4 different overall values that 
were made up by calculating the 
sum of the responses to the 7 at-
tribute pairs. General road user cul-
ture index: It consists of an overall 
assessment by the interviewees, an 
assessment of car drivers’ behav-
iour towards other road users, an 
assessment of cyclists’ behaviour 
towards other road users and a dif-
ferentiated rating of the behaviour of 
car drivers and cyclists. Representa-
tive interviews were conducted with 
2,477 people online and by phone 
for this survey on road user culture. 
The scope of the study comprised 
German-speaking people aged 16 
and older living in private house-
holds.

Results
The general road user culture index 
at a level of -2.4 is relatively close to 
the zero point in the road user cul-
ture scale ranging from -24 to +24. 
This means that the result can only 

be interpreted as a very weak ten-
dency towards a negative assess-
ment of road user culture. As the 
results have shown, there are, how-
ever, significant differences within 
the population in how road user cul-
ture is rated. This rating is more neg-
ative among the interviewees aged 
between 25 and 64 than between 
those aged 16-24 and persons over 
65. Persons aged 75 and older gave 
the best ratings. In addition, a more 
positive rating comes from people 
with a higher education than those 
with a lower education level as well 
as from those using their cars fre-
quently than those using them less 
frequently. People who often ob-
serve aggressive behaviour by other 
road users rate the road user culture 
more negatively than those who ob-
serve such behaviour less often.

The question whether road user 
culture has changed over the last 
3 years was answered by 7.6 per 
cent of the interviewees as having 
changed for the better, by 40.8 per 
cent as not having changed and by 
51.7 per cent as having changed for 
the worse. This change for the worse 
was reported most frequently by in-
terviewees aged between 40 and 64 
(59.3 per cent) and those between 
65 and 74 (58.4 per cent) and less 
frequently by those aged between 
16 and 24 (27.3 per cent). There 
was no difference between men and 
women on this question.

Behaviour of road user groups
The behaviour of car drivers is rated 
overall as insignificantly better than 
that of cyclists. Men give a worse 
rating to cyclists than women, 
people over 24 (particularly be-
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tween 40 and 64 years of age) give 
a worse rating than people between 
16 and 24, and people from the 
Federal State of Berlin significantly 
worse than people from most other 
federal states. Those travelling by 
bicycle often have a more negative 
image of car drivers than those who 
use their bicycles less often. People 
with a strong car affinity rate cyclists 
worse than people with a weak car 
affinity. The worst rating of the be-
haviour of car drivers was the result 
of questions about the behaviour of 
car drivers towards other car drivers 
(-2.09). The rating of car drivers’ be-
haviour towards cyclists was only 
slightly better (-1.78).

The behaviour of car drivers towards 
pedestrians was rated positively 
(2.86). The worst rating of the be-
haviour of cyclists was the result of 
questions about the behaviour of 
cyclists towards car drivers (-3.46). 
The rating of the behaviour of cy-
clists towards pedestrians was only 
slightly better (2.91). The behaviour 
of cyclists towards other cyclists, 
however, was rated positively (1.09). 
In this case, the deviations from the 
average value of road user culture 
ratings are also rather insignificant. 

Conclusion
In summary, the road user climate 
in Germany in 2020 is rated neither 
as particularly positive nor as par-
ticularly negative. These results do 
not confirm the impression often 
conveyed in public media that the 
road user climate is bad in general. 
As the results also show, there are 
significant regional differences in 
how road user culture is rated. In 
Berlin, in particular, road user cul-
ture is rated negatively more often 
than in other parts of Germany. It 
has also become clear that the less 
road users perceive aggressive be-
haviour, the more positively they rate 

road user culture. Therefore, an im-
provement in road user climate can 
be expected if aggressive behaviour 
is reduced in road traffic. As a con-
sequence, measures to reduce ag-
gressive behaviour are also meas-
ures to improve road user culture.

References
[1] HOLTE, H.: Aggressive behav-

iour in road traffic and road user 
culture – frequency, causes and 
measures Aggressives Verhalten 
im Straßenverkehr und Verkehr-
sklima – Häufigkeit, Ursachen 
und Maßnahmen. In Deutscher 
Verkehrsgerichtstag (Hrsg.), 
Deutschen Verkehrsgerichtstag 
vom 29.–31.01.2020 in Goslar 
gehaltenen Vorträge, Referate 
und erarbeiteten Empfehlungen 
(S. 125-143), Köln, Luchterhand, 
2020

[2] HOLTE, H.: Aggression in road 
traffic and road user culture, The 
Police Aggressionen im Straßen-
verkehr und Verkehrsklima, Die 
Polizei, 1, 10–17, 2021 

[3] HOLTE, H.: Road User Culture 
2020 – continuous measure-
ments of road user culture 
VERKEHRSKLIMA 2020 – Kon-
tinuierliche Erfassung des Ver-
kehrsklimas Baseline Messung; 
Berichte der Bundesanstalt für 
Straßenwesen, Heft M 316, 2021

© Paolese - stock.adobe.com



76

Optimising learner driver training

Dr Heidi Grattenthaler, psychologist, “Fitness to Drive, Driver Training and Improvement” section

Learner driver training prepares 
people for their lives as drivers. It 
needs to be adapted to meet new 
challenges. Scientifically based ap-
proaches to further develop learner 
driver training in Germany were al-
ready developed in the “Optimising 
learner driver training” (OFSA I) pro-
ject [1]. In the OFSA II follow-up pro-
ject, these approaches were taken 
up, adapted to current developments 
and scientific findings and further de-
veloped with a focus on driver training 
for passenger cars [2].

Scientific findings – for example con-
cerning training content – as well as 
empirical findings concerning current 
training practices, such as the training 
quality and learning behaviour of 
learner drivers, served as the basis for 
the concept developed in the OFSA II 
project for an optimised learner driver 
training in the future. The focus of fur-
ther activities carried out under OFSA 
II included evaluating the quality of 
teaching and learning media used in 
learner driver training. 

A competence framework and a 
training plan were the core of the 
concept developed under OFSA II. 

The concept included the following 
optimisations:

Updating training contents and 
defining minimum contents
The training contents were updated, 
prioritised, and, for the first time, 
minimum training contents were de-
fined. They are divided into four fields 
of study that need to be worked on 
in succession, while within each field 
of study there is freedom as regards 
sequencing and designing learning 
time. Time-related conditions in con-
veying learning content have also 
been adapted, the time currently 
used for theory lessons will be main-
tained at the same level though.

Improved control instruments
In comparison to what is currently 
available, the competence framework 
and training plan are significantly 
improved control instruments. The 
competence framework describes 
the competences needed to acquire 
driving- and traffic-related skills based 
on current scientific knowledge, and 
it defines minimum training contents. 
The training plan systematically as-
signs the minimum training contents 
to three teaching and learning types 

of learner driver training: independent 
study of driving theory, theory les-
sons, practical driving training. The 
training plan structures these min-
imum training contents along a 
timeline. If implemented expertly by 
driving instructors, the training plans 
can be expected to result in high 
learning effectiveness.

For the first time, the competence 
framework and training plan define 
the knowledge and skills a learner 
driver needs based on competence 
theory and assigned to competence 
standards. With this competence 
orientation, teaching and learning 
during learner driver training pro-
grammes will have a stronger focus 
on acquiring and training prac-
tice-relevant behavioural patterns 
to overcome real challenges in road 
traffic. This also addresses a typical 
type of criticism of theory lessons, 
i.e., conveying knowledge that is not 
very relevant to actual practice. 

Highlighting the assessments of 
learning progress and preparing 
for exams
The competence-oriented approach 
also aims to optimise the assess-

Detail of the training plan for optimised driver training (TFEP = theoretical driving test, PFEP = practical driving test)
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ment of learning progress as a 
supplemental part of learner driver 
training, in particular preparedness 
to take the final exam. An analysis 
of current training practices has 
shown that some driving instructors 
do not assess learning progress at 
regular intervals or some who do 
not even check whether learners are 
ready to take the final exam. This is 
why a separate competence and a 
separate training unit were incorpo-
rated into the competence frame-
work and the training plan dealing 
with preparing learner drivers for 
the theoretical and practical driving 
exams. Preparing learner drivers for 
the exams in a professional manner 
is of great significance to them as 
this contributes to checking their 
learning results, expanding learning 
progress in a targeted manner and 
reducing exam anxiety. 

Digital support in learner driver 
training: Blended Learning
The demand for and the necessity 
of digital learning were significantly 
increased in many fields during the 
corona pandemic, including learner 
driver training. In the scope of in-
dependently studying theoretical 
content, e-learning will be used in 
the future not only for studying the-
ory-related exam questions, but also 
in terms of blended learning to sys-
tematically prepare and follow up on 
theory lessons. This means that these 
two types of teaching and learning 
can be combined in a more tar-
geted manner than before, learning 
methods can be adapted better to 
the individual learner and – given the 
time constraints of the theory lessons 
– can be a cost-efficient extension of 
the study times. To this end, specific 
design recommendations were de-
veloped during OFSA II.

Independent studies of driving theory 
would thus be given an important 

key role. Not every learner is capable 
of learning independently – some-
thing that became clear during the 
corona pandemic. Driving instruc-
tors will have to identify, more so in 
the future than before, the learners’ 
need for support as well as provide 
individualised learning guidance. 
When implemented consistently, the 
training plan will result in changing 
the role of the driving instructor from 
instructor to supporting training man-
ager for learner drivers. This change 
has also been prepared by reforms 
in the training of driver instructors [3]. 
The quality of the digital teaching and 
learning media will also increasingly 
come into the centre of attention in 
the future. Corresponding quality cri-
teria were also compiled in OFSA II 
and the introduction of a quality label 
was proposed.

Improved coordination in the 
system of preparing novice 
drivers
Driver training and driving tests will 
be better interwoven in terms of con-
tent and methodology. The concept 
and catalogue of driving tasks [4] is 
one central common link in this con-
text. The training plan corresponds 
to the reformed training of driving 
instructors.

Outlook
The Federal Government and the 
Länder are currently discussing the 
concept developed under OFSA II 
with an expert public, for example, 
associations of driving instructors. 
The basic concepts for translating 
the project’s results into driver 
training practice have also already 
been prepared in OFSA II, and the 
process will benefit from this. These 
concepts address important steps 
and stakeholders in the implemen-
tation process – such as contin-
uous training for driving instructors  
and publishers of teaching and 

learning material – and they address 
supporting scientific evaluation 
studies.

References
[1] BREDOW, B. & STURZBECHER, 

D.: Approaches in optimising 
learner driver training in Ger-
many Ansätze zur Optimierung 
der Fahrschulausbildung in 
Deutschland, Berichte der Bun-
desanstalt für Straßenwesen, Heft 
M 269, 2016

[2] STURZBECHER, D. & 
BRÜNKEN, R.: Training and 
evaluation concept to optimise 
learner driver training in Germany 
Ausbildungs- und Evaluation-
skonzept zur Optimierung der 
Fahrausbildung in Deutschland, 
Berichte der Bundesanstalt für 
Straßenwesen, Heft M 330, 2022 

[3] BREDOW, B., EWALD, S., THÜS, 
D., MALONE, S. & BRÜNKEN, R.:  
Studies to scientifically support 
reformed driving instructor law 
Untersuchungen zur wissen-
schaftlichen Begleitung des 
reformierten Fahrlehrerrechts, 
Berichte der Bundesanstalt für 
Straßenwesen, Heft M 315, 2021

[4] BMVI: Guidelines for practical 
driving tests for applicants for a 
driving license for motorised ve-
hicles pursuant to Annex 7 of the 
Ordinance on Driving Licences 
Richtlinie für die praktische 
Prüfung der Bewerber um eine 
Erlaubnis zum Führen von Kraft-
fahrzeugen nach Anlage 7 der 
Fahrerlaubnisverordnung (FeV), 
Teil B – Fahraufgabenkatalog der 
praktischen Fahrerlaubnisprü-
fung, Verkehrsblatt – Sammlung 
Nr. S 3210, Dortmund: Verkehrs-
blatt-Verlag, 2021
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Roads – we use them every day for 
a variety of journeys. From above, 
we see only their surface in various 
shades of black and grey. Some-
times this surface is smooth, some-
times a bit rougher, sometimes it has 
an open-porous structure. 

But what lies beneath the black or 
grey surface? What is the structure 
of a road? What layers does it have 
and what materials are deployed? 
What composition do the individual 
layers need to have to withstand our 
traffic over the long term and what 
properties do they need to have? 
Can these properties be controlled 
to enable roads to be used safely by 
all road users at all times?

These are questions building mate-
rials testers deal with, also at BASt. 

Vocational training at BASt
Building materials testers – the roads are in their hands

Working in a laboratory
In BASt’s various laboratories, ag-
gregates are tested as unbound 
subgrades for asphalt and concrete, 
and tests are also conducted on as-
phalt and concrete test specimens. 

Daniel Bengels is operating the 
screening unit in a rock laboratory. 
Accompanied by its rattling noise, 
he divides the aggregate mix into 
various particle size fractions. Once 
the test is finished, he weighs the 
residues on the different screens 
and documents them. At the same 
time, a dynamic tensile-swelling test 
is buzzing in the asphalt laboratory. 
After the automated test is com-
pleted, the fatigue function of the 
asphalt layer tested needs to be de-
termined on the basis of the values 
measured. Everyone in the concrete 

laboratory is wearing hearing pro-
tection. Here, test specimens for 
various testing procedures are cut 
from concrete core samples using 
circular saws. 

On the road at roadworks sites 
and test sections
While some stand in the laboratories 
to test mixes of construction material 
and asphalt and concrete samples, 
others work outdoors at roadworks 
sites. Here, for example, Fabian 
Müller and Dennis Tschoecke are 
using the Light Drop-Weight Tester 
to test the formation level’s load-
bearing capacity. Or they are ex-
tracting core samples from an as-
phalt road at a test section using a 
large drill. They will later prepare the 
core samples at the laboratory for 
various tests.  

Fabian Müller and Dennis Tschoecke at the large core sampling machine on duraBASt
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Generally speaking, a materials 
tester tests both the quality of the 
construction materials and the prop-
erties of installed layers at the labo-
ratory and in situ. There are regula-
tions in place for almost every test, 
stipulating how the individual tests 
are to be performed. 

BASt has unique testing equipment 
at its disposal for these purposes, 
for example, the mobile Wehner/
Schulze device with which test skid 
resistance outdoors on test sections 
can now be tested using the Wehner/
Schulze laboratory procedure. 

In its research activities, BASt also 
conducts a lot of experiments. Tests 
are conducted in ways that deviate 
from the standard method or testing 
procedures are further developed, 

and sometimes even completely re-
designed. It is also often the case, 
however, that research projects test 
and evaluate the effect of individual 
additives or special mixes for poten-
tial use. 

The job of a building materials 
tester is multifaceted and varied; in 
fact, it never gets boring. BASt has 
been offering vocational training for 
building materials testers in geo-en-
gineering and concrete engineering 
for a number of years – asphalt en-
gineering will also be included in the 
future.

Other vocational training at BASt
BASt is offering vocational training 
for young people in other fields as 
well, namely to become a:

• Chemical laboratory technician
• Metal worker
• Physics laboratory technician
• Administrative specialist

The individual traineeships are not 
offered for every job every year. In 
some jobs, new trainees are em-
ployed only after the individual 
training period for the job in question 
(between 3 and 3.5 years) has been 
concluded. 

As a follow-up to successful com-
pletion of the vocational training pro-
gramme, BASt offers an initial 2-year 
employment contract to its trainees 
to enable them to gain practical ex-
perience directly where they did their 
training. If there are vacancies to be 
filled, BASt of course gladly employs 
former trainees on a permanent 
basis.

Information on all vocational training 
programmes at BASt and on avail-
able trainee positions can be found 
on the internet. 

www.bast.de/ausbildung

Mobile Wehner/Schulze testing equipment with a robot working in the measuring 
vehicle
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BASt Facts and Figures 2021
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Teaching assignments and PhDs
PhDs and selected teaching assignments at a variety of universities and faculties also show how successful BASt 
employees were in 2021.

Dr Claudia Evers: teaching as-
signment in traffic psychology 
at the German Psychologists’ 
Academy (DPA) Berlin. 

Ralph Holst: teaching as-
signment in the field of in-
spection and management of 
engineering structures at the 
Bauhaus University and the 
Bauhaus Further Education 
Academy Weimar.

Jennifer Bednorz: teaching 
assignment at the Technical 
University of Applied Science 
Cologne in the “BIM in bridge 
and engineering structures” 
M.A. module.

Bernhard Kollmus: teaching 
assignment in “Road Safety in 
Planning, Drafting and Oper-
ating Roads” at the Technical 
University Dresden.

Dr Dirk Jansen: teaching 
assignments in the field of 
highway engineering at the 
University Siegen.

Dr Alexander Frey: received his 
PhD in natural sciences at the 
Technical University of Braun-
schweig.

Dr Benjamin Schreck-von 
Below (at BASt until 2021): 
received his doctorate in 
engineering at the Technical 
University Dresden.

Dr Ingo Kaundinya: teaching 
assignment in tunnel planning 
(M.Sc. course) at the University 
of Applied Science in Aachen.

Univ.-Prof. Dr-Ing. habil. Markus 
Oeser: teaching assignment 
at the RWTH Aachen in tunnel 
planning and tunnel operation 
(M.Sc. course) and visiting 
professor at the Harbin Institute 
of Technology (HIT) in Harbin, 
Heilongjang, China.

Dr Maximilian Grabowski: 
received his PhD in natural 
sciences at the Ruhr University 
Bochum.
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Andre Seeck: teaching as-
signments at the Dresden 
International University and the 
Technical University Graz in 
vehicle safety.

Elisabeth Shi: teaching as-
signment on statistics in 
psychology and business 
psychology at the Rheinische 
University of Applied Science in 
Cologne.

André Wiggerich: teaching 
assignment in psychological 
methodology and statistics at 
the Rheinische University of 
Applied Science in Cologne.

Prof. Dr Ulf Zander: teaching 
assignment in the field of 
highway engineering at the 
University Siegen.

Dr Patrick Seiniger: teaching 
assignment in automotive  
engineering of motorcycles 
at the Technical University 
Darmstadt.
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