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Zusammenfassung  

Die selektive katalytische Reduktion (SCR) ist breit angewendet, um die NOx Emissionen 
der Nutzfahrzeuge zu mindern. Es gibt manche Hersteller und manche Anwendungen 
von SCR als Nachrüstsysteme (meistens für die „Low Emission Zones“ LEZ und in Ver-
bindung mit einem DPF). 

Im Auftrag der Schweizer Behörden hat AFHB einige SCR-Systeme, oder (DPF+SCR)-
Systeme auf Nutzfahrzeugen untersucht und einfache Qualitätsprüfprozeduren dieser 
Systeme vorgeschlagen. Diese Prozeduren können insbesondere für die Zulassung der 
Retrofit Systeme gebraucht, jedoch auch für die Qualitätsprüfung der OEM-Systeme 
nützlich werden. 

Der Kurzname des Projektes ist TeVeNOx „Testing of Vehicles with NOx reduction sys-
tems“. 

Alle untersuchten und auch am Markt verfügbaren Systeme nutzten Urea-Wasser-
Lösung (Ad-Blue) als Reduktionsmittel. 

Die Tests wurden am Nutzfahrzeug-Rollenprüfstand bei Stationären Betriebspunkten und 
auf einer wiederholbaren Fahrstecke auf der Strasse durchgeführt. Die Messungen wur-
den gemäss der Testprozeduren durchgeführt, welche in dem internationalen Netzwerk-
Projekt VERT*)dePN (de-activation, decontamination, disposal of particles & NOx) entwi-
ckelt und in dem vorliegenden Projekt TeVeNOx angewendet wurden. 

Während der Tests wurde für CO, CO2, HC, NOx und NO2  das AFHB-Feld Messgerät 
gebraucht. 

Für NOx wurden der Doppelreaktor-CLD, der elektrochemische Sensor Horiba MEXA 
120 und die NOx-Sensoren (CPK) verwendet.  

Es gab einige DPF-Systeme an den untersuchten Fahrzeugen und die Nanopartikel-
Abscheide-grade wurden getestet. 

In manchen Fällen wurden die Nutzfahrzeug-Rollenprüfstände der Projektpartner       
(DINEX, EC-JRC) gebraucht. 

Als allgemeine Schlussfolgerungen kann gesagt werden: 
• die Grundlage der Prozeduren zur Qualitätsüberprüfung der SCR-Systeme sind erar-

beitet, 
• die SCR-Systeme sind bei tieferen Temperaturen < 200°C nicht aktiv, 
• Testen der SCR-Systeme am Fahrzeug ist wichtiger, als das Testen der DPF-

Systeme am Fahrzeug und dies ist eine einfache und kostengünstige Möglichkeit der 
Qualitätsüberprüfung, 

• die durchschnittliche NOx-Reduktionsrate hängt von dem Arbeitskollektiv des Fahr-
zeuges ab – beim Niederlast –, Kalt – und unterbrochenen Betrieb (HEV) gibt es tiefe-
re NOx-Reduktion,  oder keine NOx-Minderung,  

• Probenahme mit Impingers mit der anschliessenden Spurenanalytik sind geeignete 
Werkzeuge, um spezifische nichtlimitierte Emissionskomponenten nachzuweisen; für 
schnelle und einfache Überprüfung ist diese Methode nicht geeignet. 

 

Zusammenfassend darf bemerkt werden, dass die Forschungsarbeiten das TeVeNOx 
Projektes verschiedene neue Aspekte gezeigt haben. 

Die Qualität und die Funktionalität der SCR-Systeme für Nachrüstung können prob-
lemlos überprüft werden. 
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Beim Testen der OEM-SCR Systeme gibt es manchmal etwas Schwierigkeiten mit: phy-
sischer, oder elektronischer Zugänglichkeit, mit verschiedenen Programstrategien der 
OBD, Unmöglichkeit der Einflussnahme auf Urea „cut-off“ und mit der Temperaturschwel-
le der NOx-Sensoren. 

Trotzdem, mit Rücksicht auf diese Beschränkungen kann die SCR Qualitätskontrolle mit 
den erarbeiteten Methoden durchgeführt werden. 

Die Qualität der geprüften (DPF+SCR)-Systeme war meistens sehr gut. 

Der vorliegende 12te Bericht zeigt die ausgewählten, wichtigsten Resultate vonTeVeNOx. 
Alle Resultate und detaillierte Informationen über jeden Arbeitsabschnitt sind in den 11 
vorherigen Arbeits-berichten gegeben, siehe Literatur, [38-48]. 

  

*) Abkürzungen: siehe am Ende dieses Berichtes, S. 59  
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Résumé 

La réduction catalytique sélective (SCR) est largement utilisée pour la réduction des 
émissions de NOx des véhicules utilitaires. 

Il y a des fabricants et des applications de systèmes SCR pour l’équipement ultérieur (re-
trofitting) – le plus souvent pour les zones de protection de l’air (ZAPAS) et en combinai-
son avec le FAP (filtre à particules). 

Sur mandat des autorités suisses, l’AFHB a testé différents systèmes SCR, ou 
(DPF+SCR) sur les véhicules lourds et a proposé des procédures simplifiées de tests de 
qualité de ces systèmes. Ces procédures peuvent être utiles pour l’admission des sys-
tèmes de traitement des gaz « retrofit », mais aussi pour le contrôle de qualité des sys-
tèmes OEM (original equipment manufacturers). 

Le nom abrégé du projet est TeVeNOx « Testing of Vehicules with NOx reduction sys-
tems ».  

Tous les systèmes testés, et commercialement disponibles sur le marché, ont utili-sé une 
solution acqueuse d’uréa (Ad-Blue) comme agent de réduction. Les tests ont été exécu-
tés sur le banc à rouleaux pour véhicules lourds aux modes d’opération station-naires, 
ainsi que sur un tronçon routier répété plusieurs fois. Les investigations ont été exécu-
tées selon les procédures établies dans un projet-réseau international VERTdePN*) (de-
activation, de-contamination, disposal of particles & NOx) et appliquées dans le pré-sent 
projet TeVeNOx. 

Pour les composants gazeux CO, CO2, HC, NOx et NOx l’appareillage de l’AFHB pour 
les mesures sur le terrain était utilisé. 

Pour les NOx les analyseurs : CLD à double réacteurs, le capteur électronique Ho-riba 
MEXA 120 et les capteurs NOx (CPK) ont été utilisés. 

Il y avait quelques systèmes FAP installés sur les véhicules testés et le taux de filtration 
des nanoparticules (granulométrie) a été examiné. 

Dans certains cas, les bancs à rouleaux des partenaires du projet (DINEX, EC-JRC) ont 
été utilisés. 

Nous pouvons donc tirer les conclusions générales suivantes : 
• les bases des procédures du contrôle de qualité des systèmes SCR sont éta-blies, 
• à température plus basse < 200°C les systèmes SCR ne sont pas actifs, 
• le contrôle des systèmes SCR sur le véhicule est plus important que le con-trôle des 

systèmes FAP sur le véhicule et il offre une méthode de surveillance de qualité simple 
et peu coûteuse. 

• le taux de réduction moyen des NOx dépend du collectif de charge du véhicule – à 
basse charge, aux modes d’opération à froid et opération intermittente (HEV), il y a 
une réduction limitiée des NOx ou pas de réduction, 

• la prise d’échantillon par « impinger » avec l’analyse des traces est un outil pour dé-
tecter les émissions des composants spécifiques non-limités; pour un contrôle simple 
et rapide néanmoins cette méthode n’est pas appropriée. 
 

En résumé, nous constatons que les travaux de recherche TeVeNOx ont montré dif-
férents nouveaux aspects. 

La qualité et la fonctionnalité des systèmes  SCR pour « retrofitting » peuvent être faci-
lement contrôlées. 
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En testant les systèmes SCR OEM, on peut rencontrer certaines difficultés comme : ac-
cessibilité physique et électrique restreinte, différentes stratégies des programmes OBD, 
impossibilité d’influencer le cut-off de l’uréa et des seuils de température des capteurs 
NOx. Néanmoins, avec considération et adaptation à ces limites, le contrôle de qualité 
des systèmes SCR peut être exécuté avec les méthodes établies. 

La qualité des systèmes testés (FAP + SCR) était dans la majorité des cas très bonne. 

Le présent rapport, 12ème du nom, montre les résultats choisis les plus importants. Tous 
les résultats et les informations détaillées de chaque étape du travail sont donnés dans 
les 11 rapports précédents, voir litérature, [38-48]. 

  

*) abréviations: voir page 59 à la fin du rapport  
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Summary 

The selective catalytic reduction SCR is extensively used for NOx reduction of recent HD-
vehicles. 

There are some manufactures and some applications of SCR as retrofit systems (mostly 
for the low emission zones LEZ and in combination with a DPF). 

In charge of Swiss authorities AFHB investigated several SCR-systems, or (DPF+SCR)-
systems on HD-vehicles and proposed a simplified quality test procedure of those sys-
tems. This procedure can especially be useful for the admission of retrofit systems but it 
can also be helpful for the quality check of OEM-systems. 

The project short name is TeVeNOx “Testing of Vehicles with NOx reduction systems”. 

All investigated and commercially available systems used urea-water solution (Ad-Blue) 
as reduc-tion agent (Exception was one special system for retrofitting NOxOFF). 

The tests were performed on HD chassis dynamometers at constant operating points and 
on a road circuit. The investigations were performed according to the procedures estab-
lished in the international network project VERT*)dePN (de-activation, de-contamination, 
disposal of particles & NOx) and applied in the present project TeVeNOx. 

During the tests the AFHB field measuring technics was used for CO, CO2, HC, NOx and 
NO2. 

For NOx the double-reactor CLD, the electrochemical sensor Horiba MEXA 120 and the 
NOx sensors (CPK) were used. 

There were some DPF systems on the investigated vehicles and the nanoparticle filtra-
tion efficiency was tested. 

In some cases the HD chassis dynamometers and the measuring systems of project 
partners (DINEX, EC-JRC) were used. 

As general conclusions it can be stated: 
• The foundations for the quality verification procedures of SCR-systems are estab-

lished, 
• The SCR-systems are not active at lower temperatures < 200°C, 
• SCR-testing on vehicle has more importance than DPF testing on vehicle and is a 

simple & low-cost tool for quality check, 
• The overall average NOx reduction rate depends on the operating profile of the vehi-

cle – for low-load, for cold operation and for interrupted operation (HEV) there are 
lower NOx reduction efficiencies, or there is no reduction at all, 

• Sampling with impingers with the following analytics of traces is approximately 1 order 
of magnitude more sensitive for Ammonia and 3 orders of magnitude more sensitive 
for Isocynic Acid. This method  is an appropriate tool to detect specific non-legislated 
emission components; for a “quick-check” nevertheless it is not applicable. 

 

Summarizing it has to be stated that the research works of the project TeVeNOx have 
shown several new aspects. 

The quality and functionality of a retrofit SCR system can be easily tested. 

Testing of the OEM-SCR system is a little more difficult, due to less physical and elec-
tronical ac-cess, different program strategies of the OBD-system, impossible urea cut-off 
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and activation tem-perature threshold of the NOx-sensors. Nevertheless a quality check 
of SCR is possible with the applied test procedures. 

The quality of the investigated DPF+SCR systems was in most cases very good. 

The present 12th report represents the chosen, most important results of TeVeNOx. All 
results and detailed information about each working package are given in the 11 preced-
ing working reports, see literature, [38-48]. 

  

*) Abbreviations: see at the end of this report, page 59 
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1 INTRODUCTION AND PRELIMINARY 
INFORMATION 

1.1 Combined systems DPF+SCR 
 

DPF+SCR 
 
The combination of particle filtration (DPF) and of the most efficient deNOx technology 
(SCR) is widely considered as the best solution, up to date, to minimize the emissions of 
Diesel engines. Intense developments are on the way by the OEM’s and a lot of research 
is performed, [1-14]. 
Several authorities worldwide try to promote the clean technologies by incentives, or cre-
ating low emission zones (LEZ). Due to that also the retrofitting market of combined sys-
tems (DPF+SCR) is developing. 
 
The removal of NOx from the lean exhaust gases of Diesel engines (also lean-burn gaso-
line engines) is an important challenge. Selective catalytic reduction (SCR) uses a sup-
plementary substance – reduction agent – which in presence of catalysts produces useful 
reactions transforming NOx in N2 and H2O. 
 
The preferred reduction agent for toxicological and safety reasons is the water solution of 
urea (AdBlue), which due to reaction with water (hydrolysis) and due to thermal decom-
position (thermolysis) produces ammonia NH3, which is the real reduction substance. 
 
A classical SCR deNOx system consists of 4 catalytic parts:  

 
• precatalyst converting NO to NO2 (with the aim of 50/50 proportion) 
•  injection of AdBlue (with the intention of best distribution and evaporation in the ex-

haust gas flow) 
• hydrolysis catalyst (production of NH3) 
• selective catalyst (several deNOx reactions) 
• oxidation catalyst (minimizing of NH3 slip). 
 

The main deNOx-reactions between NH3, NO and NO2 are widely mentioned in the litera-
ture [12, 14, 15, 16, 17], see annex A1. They have different speeds according to the tem-
peratures of gas and catalysts, space velocity and stoichiometry. All these influences 
cause a complex situation of reactions during the transient engine operation. 

Additionally to that there are temperature windows for catalysts and cut off the AdBlue-
injection at low exhaust gas temperatures to prevent the deposits of residues. 

Several side reactions and secondary substances are present. An objective is to mini-
mize the tail pipe emissions of: ammonia NH3, nitrous oxide N2O, isocyanic acid HNCO 
and ammonium nitrate NH4 NO3 (also known as secondary nanoparticles). 

Intense further research about the solutions of problems of the present systems and 
about new developments is going on. To mention are:  
• deposits of urea related substances (urea, cyanuric acid, ammonium nitrate), [16, 17, 

18], 
• measuring accuracy of NOx in presence of NH3, [19, 20, 21], 
• other reduction agents, [22, 23], 
• AdBlue dosing and homogenous distribution [24], 
• construction variants of DPF+SCR and their influences on functionality, warm-up, du-

rability etc., [11, 12, 13]. 
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Very rapid and extensive activities about deNOx and SCR take place actually in academ-
ia, in research & development and in industry, this is well demonstrated by the numerous 
technical conferences, which are organized about this topic in the last years. 

1.2 VERT quality test procedures for DPF – former research 
work   
(The present tests were with approved DPF, chap. for information only) 

VERT verification procedure of DPF systems for retrofitting was developed in Switzerland 
since beginning of 90-ties. 

It was a joint project of occupational insurance agencies from Switzerland (SUVA), from 
Austria (AUVA) and from Germany (TBG) concerning reduction of emissions of real (ac-
tual present) machines in tunnel construction, [25, 26, 27]. 

The objectives of VERT were to create a communication and understanding between in-
dustry, authorities and customers and to guarantee the technical quality and efficiency of 
products, to protect health and environment. 

In the initial phase VERT activities were sponsored by the occupational insurances from 
Switzerland, Austria and Germany and after that it became self-supporting. 

The quality testing of DPF system consists not only of testing the filtration efficiency, but 
checking all necessary subsystems, like regeneration systems, control systems, sensors 
and fulfilment of several general requirements of quality and security. 

Additionally to the engine dynamometer tests very important points of the testing proce-
dure are: 
•  2000 hours filed test, 
•  analytics of secondary emissions in justified cases. 

 
It was recognized very quickly in the VERT project, that the retrofitting with DPF is a most 
efficient measure to eliminate radically the particle emissions of Diesel engines in under-
ground. To introduce the DPF-systems for retrofitting it was necessary to establish: the 
quality criteria and quality test procedure, field control and appropriate support to the us-
ers. 

One of the most important statements of VERT is, that the validation of filtration efficiency 
of a DPF by means of particle mass PM (legal parameter up to date) is not sufficient and 
sometimes misleading.  

In several cases, particularly with a presence of some catalytic substances in the DPF, 
sulfates can be produced (only the sulfur from lube oil can be sufficient for that), which 
pass the DPF as vapor and condensate afterwards on the PM-measuring filter. In an ex-
treme case this can cause, that the DPF, which filters perfectly the solid particles (NP, EC 
e.g. 98%) seems to double or triple the particle mass (PM). 

The filtration efficiency of a DPF can be properly judged only for the solid particles. In this 
context the nanoparticles are considered in VERT as the most important criterion, [28, 
29]. A complementary information is given by a coulometric analysis of elemental carbon 
(EC) from the collected PM of the filter residuum. 

The nanoparticulates can be measured with different methods and due to the aptitude of 
penetrating very easily into the living organisms they are regarded as very dangerous for 
health, [30, 31, 32]. 

Since 2001 there are discussions in the international legislative expert groups about pos-
sibilities of introducing the NPs as a legally limited parameter – Particulate Measurement 
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Program (PMP) of the UN Working Party on Pollution and Energy (GRPE), [33, 34, 35, 36]. 

These efforts allowed the introduction of nanoparticles as a supplementary limited pa-
rameter into the European legislation for passenger cars with Diesel- and with DI-Otto 
engines, starting in 2011. 

For some systems, which use catalytic coatings, or fuel additives, or combinations of both 
of them a VERT secondary emission test (VSET) has to be performed. 

For retrofitting with combined systems (DPF+SCR) quality testing and fulfilment of certain 
criteria are necessary both: for the user and for the authority. 

The Swiss VERT Network performed and is continuing the works to include the deNOx-
systems (SCR, EGR, storage catalysts) in the VERT verification procedures (VERTdePN 
Programm). 

1.3 TeVeNOx-testing (VERTdePN) for DPF+SCR   
Research subjects and objectives 

A general objective of VERTdePN is to include the combined systems DPF+SCR in the 
test procedure, which was previously developed for DPF only. 

Since the stationary testing of SCR for on road application is not sufficient any more, a 
simplified dynamic test procedure, which nevertheless is representative for the real world 
operation, has been found. 

Different variants of catalyst and/or their sequences used for different types of SCR sys-
tems, different sequences of DPF and SCR, different possibilities of introduction, homog-
enization and control of urea and finally different applications offer a large multitude of 
cases. This was considered during the tests according to the given systems. 

 
For the VERT DPF quality procedure the research objectives were: 
 filtration quality 
 durability 
 control - & auxiliary systems 
 secondary emissions. 

 
The new objectives for a SCR system in the VERTdePN tests are: 
 NOx reduction 
 NO2- and / or NH3- slip 
 temperature window 
 dynamic operation 
 field application & durability 
 auxiliary systems 
 further secondary emissions. 

 
The main structure of VERTdePN tests for SCR is similar, as the preceding VERT activi-
ties for DPF: 
•  Quality test and basic investigation on dynamic engine dynamometer, or on a repre-

sentative HD-chassis dynamometer, 
•  Supervised field test 1000h, 
•  Analytics of unlimited- and secondary emissions (if required). 

 
When the DPF of the combined system is already approved by VERT, only simplified 
tests for the SCR-part will be necessary. 
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1.4 TeVeNOx-testing procedures on vehicles   
Testing on vehicle in VERT for DPF-systems has the main objective to verify the durabil-
ity and first of all the reliability of the system regeneration. 

The filtration efficiency of DPF is independent on vehicle, of the working profile, of posi-
tion in the exhaust system etc. 

For the SCR-systems the influences on the deNOx-efficiency are much more complex: 
the temperature profile in exhaust system influences the urea dosing and the efficiency. 
The multiple chemical re-actions in the SCR-system can be influenced by the urea mix-
ture preparation by the position and ge-ometry of the SCR-system in the vehicle exhaust 
line. 

Beside the long-life functionality there is sometimes a need to check the efficiency and 
some unregu-lated emission components of a new system. 

The ageing of SCR-catalysts lowers the conversion rates (this in opposite to DPF-
materials, which increase the filtration efficiency with ageing). 

The reliability of urea injection, dosing and mixing, as well as the limitation of production 
of deposits are another important objectives of the long-life-testing. 

In this situation the vehicle testing gains much more importance. 

Vehicle testing of the combined systems was started in the VERTdePN project together 
with the man-ufacturers and users of those systems. 

In the project TeVeNOx the vehicle testing is continued on several vehicles. Three types 
of test proce-dures are used to fulfil the objectives, which were elaborated in the 
VERTdePN project. These test procedures are on HD-chassis dynamometer and on the 
road. 

Following sections describe briefly the actually used procedures, [37]. 

HD chassis dyno (VPNT2 & VPNT3, TeVeNOx test Type 1) 

The tests on HD chassis dyno shall enable application of more extended analytics and 
deeper control than the testing on the road. 

The tests on HD chassis dyno shall be performed with a combined system (DPF+SCR) in 
the frame of product quality testing twice: 
• at the beginning of the field test VPNT2 and 
• at the end of the field test as VPNT3. 
 

The testing procedure is at steady state operating points with registering of data during 
the load transitions. 

The test objectives and measuring parameters are: 
• filtration efficiency of the DPF: 

- apparatus (alternatively): CPC, SMPS, PAS, DC, or DiSC 
The filtration efficiency does not need to be investigated for the VERT/LRV-approved 
DPF’s. 

• quality of the original NOx-sensors of the SCR: 
- apparatus: NO, NO2, NOx external CLD, access to the original NOx-signals, 
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• datalogging of (p, T) before system: 
- apparatus: datalogger installed and operative as for field test, remote control (if 

available), 
• switch-on/off temperature of urea dosing:  

- SW-procedure: warm up at low load and transition to the higher load with all nec-
essary data acquisition; after approx. 30s at high load go back to the low load. This 
procedure should be repeated 1 or 2 times, documented and be a reference for the 
control after field test (VPNT3). 

• NOx reduction efficiency:  
Calculated from the results at higher operating point with urea dosing (other operating 
points with the required range of exhaust gas temperature can be used, according to 
the necessity). 

The NOx reduction efficiency (RE) is calculated: 
 

 
 
 
 
       before, after SCR (or system) 

 
Instead of measuring “before” system the results “without” systems as reference can be 
used. 

• Unregulated components: 
NO2 ...  CLD 
NH3 ... double reactor CLD & impingers with integral sampling over a defined  
  operational profile (sporadic measurement for special requirements). 
HNCO ...  impingers with integral sampling over a defined operational profile  
  (sporadic measurement for special requirements). 

 
After the HD chassis dyno test it is possible to state, that the system and the datalogger 
control are well prepared for the field test. 

The results of NOx reduction in a simple, repetitive operation collective enable the state-
ments about the ageing and functionality after the field trial. 

Field control (VPNT2, TeVeNOx test Type 2) 

In this test of 1000h the durability of the system (DPF+SCR) has to be indicated by 
means of datalogging (p, T, NOx before/after). The control has to be performed and doc-
umented by the user (log book). 

The VERT inspections with field measuring apparatus have to take place at the beginning 
and at the end of the field test period. 

At the end a test on chassis dyno (VPNT3) as described above has to be performed. 

Short acceptance test (TeVeNOx test Type 3) 

The short acceptance test belongs to each retrofit system (retrofitter quality control). 

It consists of following procedures: 
• installation by the retrofitter, 
• standstill measurement of particle filtration and noise (like VERT DPF), 
• approx. 10 km test route with 2 NOx -sensors upstream/downstream (original sen-

sors), 

NOx before - NOx after
NOx before

RE NOx •  100%=
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• urea switch off at idling, 
• control system, mal function indication, tampering,  
• documentation of start of operation signed by retrofitter and owner, 
• documentation for submission to the local authority. 

 
Road benchmarking (SNORB, TeVeNOx test Type 2) 

The real world road benchmarking was proposed to find the correlations of de NOx re-
duction efficiency between: 
• laboratory results on engine or chassis dyno and real world results of a given 

(DPF+SCR) system, 
• OEM vehicles with SCR and similar retrofitted vehicles in identical driving profiles on 

road, 
• low load operation, high load operation and legal limit values for OEM vehicles with 

SCR. 
 

The tests can be performed with a given vehicle (truck) on a similar test loop in identical 
traffic situation with/without urea dosing. The NOx-measurement can be performed by 
means of a portable on-board apparatus with on-line storage of the data. The driving 
speed and the exhaust temperature of vehicle can also be registered to give the infor-
mation about the performed operating profile and about active or inactive SCR. 

This method is not very exact in the strict mathematical sense, but it yields very useful 
average information about the deNOx rates. 

The road benchmarking is easy to perform and could be used by the authorities to verify 
and to classify the real efficiencies of deNOx systems in the given conditions. Road 
benchmarking is not required in the VERTdePN quality procedures. 

Fig. 01 represents the scheme of both testing procedures: VERTdePN and TeVeNOx 

 

Fig. 01: VERTdePN and TeVeNOx testing procedures for (DPF+SCR) combisystems 



1431  |   TeVeNOx – Testing of SCR-Systems on HD-Vehicles   

October 2013 21 

2 OBJECTIVES 

The functionality of exhaust aftertreatment systems consisting of DPF and urea SCR has 
to be tested on HD-vehicles. 

The tests have to be performed on vehicle on a HD chassis dynamometer and on the 
road. 

A special attention has to be paid to the NOx measurement and to the resulting NOx re-
duction rate. 

For some of the applied DPF systems the nanoparticle count filtration efficiency has to be 
tested. 
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3 TEST-VEHICLES, FUELS AND LUBRICANTS 

3.1 Test vehicles 
Two busses and seven trucks with SCR-systems or with combined (DPF+SCR) - systems 
were investigated during the project. Table 1 gives the overview of the vehicles, of the 
used exhaust aftertreat-ment systems and the short indications (A, B, C…) used in the 
representation of results. 

There was little information about the used SCR-systems. All of them used Vanadium-
based SCR-catalysts and AdBlue as reduction agent. (One exception is the NOxOFF ret-
rofit system, which   uses Ammonium Hydroxide (10% NH3 in H2O as reduction agent – 
system no more in production). 

Table 1: Investigated vehicles & exhaust aftertreatment systems 
 

Vehicles Exhaust system 

A Bus Volvo 
180 kW 

DINEX 
DPF+SCR 
retrofit 

B Bus volvo Hybrid 
158 kW 

OEM 
DPF+SCR 

C 
Mercedes 
Actros 300 kW 
570 km 

OEM 
SCR 

D 
Mercedes 
Actros 300 kW 
500520 km 

OEM 
SCR 

E 
MAN TGS 
397 kW 
220 km 

OEM SCR 
+ 
DPF retrofit 

F 
Mercedes 
Actros Blutec 6 
330 kW 12000km 

OEM  
CRT+SCR 

G DAF Truck 
340 kW OEM SCR 

H 
MAN TGS 
400 kW 

OEM SCR 0 KM 

I OEM SCR 
84.9 T km 

J Mercedes 
Actros 260 kW 

NOxOFF 
DPF+SCR 
retrofit 

 

The data and some details of measuring set-up for all investigated vehicles are repre-
sented in annex A2. 

 



1431  |   TeVeNOx – Testing of SCR-Systems on HD-Vehicles   

October 2013 23 

At each tested vehicle different sampling positions were prepared to enable the meas-
urements with different analyzers and sensors.  

In some cases, because of little space it was not possible to apply the sampling position 
before the system.  

3.2 Fuels and Lubricants 
As fuel the market Diesel according to EN 590, with sulfur content < 10 ppm was used. In 
one case (vehicle G) a part of tests was performed at bi-fuel operation Diesel-GNG. 

Engine lube oils were applied according to the requirements of engine manufacturers. 
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4 TEST EQUIPMENT 

4.1 Test equipment for exhaust gas emissions 
The Laboratory for Exhaust Emissions Control (AFHB) of the Berne University of Applied 
Sciences Biel-Bienne, Switzerland is charged by the Federal Office for Environment 
(BAFU) to perform the field control of machines and vehicles, which are retrofitted with 
the DPF’s. 

For the control of gaseous emissions an Anapol EU-5000 portable exhaust gas analyzer 
with heated line is used. Following components are measured: 
CO, CO2  … infrared detector NDIR 
HCIR … infrared detector (HC 6), NDIR 
NO, NO2, O2 … electrochemical cells. 
 
Other NOx-measuring instruments were used for comparison: 
• Eco Physics CLD 822 ht with heated line, (abbreviation 2 CLD; double reactor CLD), 
• Horiba MEXA 120 electrochemical NOx-sensor up- and downstream of the DPF-

system, (sampling position SCR upstream if possible). 
• CPK NOx-sensors up- and downstream of the SCR-system. 
 

In research laboratories, which have at their disposal other measuring systems, like FTIR, 
Horiba, AVL etc. These systems are used and are considered as excellent and sufficient 
alternatives for the quality testing. 

The validation of the DPF filtration efficiency was not a primary objective of this project, 
but nevertheless some controls were performed. 

4.2 Particle Size Analysis 
The particle size and counts distributions are analysed with following apparatus: 
SMPS – Scanning Mobility Particle Sizer, TSI (DMA TSI 3081, CPC TSI 3010 S) 

NanoMet – System consisting of: 
- DC – Diffusion Charging Sensor (Matter Eng. LQ1-DC) 
- MD19 tunable minidiluter (Matter Eng. MD19-2E). 

 
Thermoconditioner (TC) (i.e. MD19 + postdilution sample heating until 300°C) 

Particle measuring system was used, to check and confirm the filtration efficiency of the 
used DPF systems.  
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5 TEST PROCEDURES 

The vehicles were tested on HD chassis dynamometers and on the road. 

The concept of the testing procedures was set to enable the use of simpler chassis dy-
namometers, which are able to perform a power braking only at constant operation. In 
case of a dynamic chassis dyno was available; the dynamic cycles on chassis dyno could 
replace the road-driving. 

On the HD chassis dynamometer at least 3 operating points of the engine were per-
formed. The injec-tion of reduction agent was switched on and off by means of changing 
the operating points of the engine. 

On the road the same route was driven once with active and once with inactive urea in-
jection accord-ing to the possibility. The driving speed was registered by means of GPS 
and NOx and tailpipe tem-perature were measured on-line.   

For the retrofit systems it is possible to deactivate the reduction agent injection (RAI) by 
means of the system-ECU. By the OEM-SCR-systems this access is not given and to ob-
tain the reference values on-road without active SCR sometimes the urea injector was 
removed from the exhaust/pipe and the Ad-Blue was injected to an external recipient – an 
intervention, which is no more possible with the last generation of OBD. 

An example of a road circuit is given in annex A3. 
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6 TEST OBJECTS 

All investigated SCR systems were with Vanadium-based SCR-catalyst and with urea in-
jection. A ret-rofit system NOxOFF used 10% NH3 solution in water (Ammonium Hydrox-
ide), see chap. 4.1. 

Generally it was little information given about the SCR systems. There was also no ac-
cess to the ECU of the OEM-systems and the urea switch-off could not be realized by 
electronic control. 
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7 RESULTS 

In present report only the examples of mostet important results are represented. All de-
tailed results and information are given in the reports of each working package, [38-48]. 

7.1 NOx reduction all vehicles 
Table 2 summarizes the average NOx reduction rates of all investigated vehicles.       
(Vehicle J, NOxOFF is no market-deNOx-system). 

The most important experience is that the average NOx reduction efficiency in on-road 
transient operation is lower, than in the constant operating points (on chassis dyno). This 
is due to:  
• low load periods with no urea dosing,  
• low load periods with urea dosing, but with colder SCR catalyst, 
• cold and warm-up periods with no urea dosing. 

 
An extreme example is low-load, often interrupted operation of a hybrid bus, where over 
whole day there is no registered work of the SCR-system (winter period, undefined trips). 

Several remarks concerning the tests or experience are given in Table 2 for each vehicle.  
 
To mention are:  
• the NOx sensors (UDS, CPK, OEM) are a useful tool in warm operation to control the 

deNOx efficiency, 
• if the RAI is placed close to the turbocharger (in OEM application) it is not useful to 

place a CPK-NOx sensor for datalogging downstream of the RAI-point (no useful sig-
nal from the sensor possible),  

•  in OEM SCR when the wheels of vehicle stop, the urea dosing is also stopped auto-
matically, 

• the higher load of truck increases also the engine load in on-road operation; empty 
trucks have lower KNOx, 

•  the controlled OEM DPF’s had excellent filtration quality PCFE > 99.5%, 
• the investigated CNG retrofit system for bi-fuel operation “Diesel-CNG” showed in-

creased emissions of CO, HC, aldehydes and SO2 and relatively low NOx-conversion 
rates. 
 

Further details of results are given in the following sections. 

In general: the quality of a SCR system concerning the maxiumum NOx reduction poten-
tial is visible in the present tests at stationary warm operation (here in average 85%). 

In the performed transient road operation the temperature level in the exhaust system is 
lower as well as the average deNOx-efficiency. Eliminating the results with very low oper-
ating collectives the average deNOx rate of 60% results. 
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Table 2: Average NOx-reduction rates of investigated vehicles 
 

 Vehicle Exh. Syst. 
KNOx 

Remarks 
OP1 50 km/h OP2 70 km/h transient 

A Bus Volvo 
180 kW 

DINEX 
DPF + 
SCR 
retrofit 

80% 88% 
FIGE 80% 
road UDS 
88% 

UDS sensors useful 

B 
Bus Volvo 
Hybrid 158 
kW 

OEM 
DPF+SCR 

- 
not measured *) 

- 
not measured *) 

road circuit 
62%-70% 

undefined trips  
KNOX= 30-67%  
no chassis dyno tests 

C 

Mercedes 
Actros 300 
kW 
570 km 

OEM 
SCR 95% 88%      - 

*) 

• no CPK sensor down-
stream RAI-injection 
point 

• wheels-stop-RAI stop 
• tractor only –            no 

circuit with RAI 

D 

Mercedes 
Actros 300 
kW 
500520 km 

OEM 
SCR 78% 88% 

road circuit 
average  
42% 

• wheels-stop-RAI stop 
• circuit with RAI, with 

trailer 

E 
MAN TGS 
397 kW 
220 km 

OEM SCR 
+ 
DPF retro-
fit 

84% - 
*) 

     - 
*) 

• cDPF PCFE 99.5% 
• steps: NO2/NOx ↑  

70% part load 
• wheels-stop-RAI stop 
• no SWOFF 
• no circuit 
• impingers 
 

F 

Mercedes 
Actros Blu-
tec 6 
330 kW 
12000 km 

OEM 
CRT+SCR 94% 91% road circuit 

63%-89% 

• CRT PCFE 99.9% 
• impingers 
• CLD on road 
• 6 trips estimate of KNOX 
 

G DAF Truck 
340 kW 

OEM 
SCR 

Diesel 
– (no RAI) 

Diesel 
28% 

FIGE, Diesel 
55%-70% retrofit CNG system →  

CO ↑↑, HC↑↑, Aldeh ↑, 
SO2↑ Diesel/CNG 

27% 
Diesel/CNG 

55% 
FIGE D/CNG 

19%-50% 

H 
MAN TGS 
400 kW 
84970 km 

OEM 
SCR 
used 

84% 69% 
road trip aver-
age  
20% 

road circuit: 
low operating collective 
wheels stop – RAI stop 

• CLD on road 

I MAN TGS 
400 kW 

OEM 
SCR 
new 

92% 75% 
road trip aver-
age  
20% 

road circuit: 
low operating collective 
wheels stop – RAI stop 

• CLD on road 

J 

Mercedes 
Actros  
260 kW 
112‘000 km 

NOxOFF 
DPF+SCR 
retrofit 

- 
*) 

- 
*) 50% 10% NH3 in H2O; system 

no more in production 

average of present 
KNOx-values 

(without vehicle G) 
86.7 83.2    

in mixte on-road driving 
there are lower average 
temperatures of exhaust 
system without vehicles H & I    60% 

all results    51% 
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7.2 Stationary operation 
7.2.1 Urea switch on/off & different feed factors 

Fig. 1 shows the time-plots of emissions and exhaust gas temperatures in the steps-
cycle: idling – 2 constant speeds – idling. The steps-cycle was repeated exactly in the 
same way for tests with RAI and with different feed factors α = 0.75 and α = 0.85. The 
exhaust gas temperatures show the warm-up of the exhaust system by passing to the 
higher engine loads and the thermal inertia of the exhaust system by passing back to the 
idling. 

The urea switch-on (SWON) is visible after approximately 8 min operation at v = 44 km/h 
– there is a jump-down of NOx & NO2. Before that the NO2 started to increase, because 
of the cDPF warming up. 

At the higher speed v = 78 km/h there is a slight emission of NH3, which decreases after 
switching down to idling. This emission is much higher with α = 0.85 and it suggests an 
eventual short overdosing during the load jump from 44 km/h to 78 km/h. This can be-
come a source of some residues in the system, which in turn produces a supplementary 
emission of NH3 at increasing temperature until being consumed (or until the temperature 
has been lowered). This mechanism of overdosing and residues is confirmed for both 
feed factors α. 

 
Summarizing the most important results from Fig. 1 it can be stated, that:  
• the active RAI reduces significantly NOx and NO2, 
• the reduction rates of NOx (KNOx) are at the lower vehicle speed in the range of 77% 

and at the higher vehicle speed in the range of 87% (with α = 0.75), 
• the higher feed factor (α = 0.85) increases slightly KNOx, but also increases signifi-

cantly the NH3-discharge at higher vehicle speed. 
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Fig. 1: Step test with different dosing rate after 1000h; retrofit system cDPF & SCR; dos-
ing: not activated / 0.75 / 0.85; vehicle A; ULSD; chassis dyno DINEX 
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There were no significant emissions of N2O, during the first 3 steps of the test. 

The extended running time in idling at the end of the test showed an interesting superpo-
sition of following effects, Fig. 2: 

 
a) by switching down the engine power the urea dosing system (UDS) adapts the inject-

ed urea quantity according to the reduced engine air consumption; there is in the 1st 
period of approx. 1.5 min a total elimination of NOx & NO2 because of: lowering the 
engine-out emissions and abundant presence of reducing agent;  

b) cooling-down of the cDPF to the temperature range of the maximum NO2-production 
causes a significant production of NO2 and with it also an increase of NOx; this period 
takes approx 7.5 min and also causes an increased emission of N2O- up to 20 ppm; 

c) after this period there is still urea dosing and abundance of reducing agent for the next 
2.5 min, NOx & NO2 are shortly eliminated, but due to the switching-off urea, they 
again start to increase; 

d) NOx increases (from the time 2800s) up to the value of “cool” idling before the test; 
NO2 increases first together with NOx, but the catalytic activity of the cDPF cooled 
down stops (from the time 2900s) and NO2 decreases back to the very low value of 
“cool” idling. 

It has to be remarked, that these observed effects are connected with: the given SCR-
system, the control of UDS and quality of urea homogenization, engine operation and 
thermal inertia of the exhaust system. 
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Fig. 2: Switching back to idle; retrofit system cDPF & SCR; α = 0.75; vehicle A; ULSD; 
chassis dyno DINEX 
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7.2.2 Different NOx-analyzers 
For measurements of NOx and for the estimate of KNOx different analyzers and sensors 
can be used. If the urea SW-on is used, it is sufficient to apply only one sampling point at 
tailpipe. 

Fig. 3 represents the results at SWON with 3 analyzers. 

0

30

60

90

P 
at

 w
he

el
 [k

W
] v = 53 km/h

0

100

200

300

400

0 300 600 900

Te
m

pe
ra

tu
re

 [°
]

time [s]

t1: after SCR / b. DPF 

t2: after SCR and DPF

0

300

600

900

1200

0 300 600 900

M
EX

A 
12

0 
[p

pm
]

time [s]

NOx

KNOx = 85% 

After SCR and DPF3)

MEXA 120

0

300

600

900

1200

An
ap

ol
 [

pp
m

]

NOx

NO2

KNOx = 84% 

After SCR and DPF3)

Anapol

0

300

600

900

1200

2C
LD

 [p
pm

]

NOx

NO2
KNOx = 86% 

After SCR and DPF3)

2CLD

 

Fig. 3: KNOx at SWON in steptest with different analyzers. OEM SCR; dosing activated; 
vehicle E; ULSD; chassis dyno MAN 

 
In the 1st step (Pwheel = 30kW) there is a start of the AdBlue injection, which is visible by 
means of all NOx-measuring devices (2CLD, MEXA & Anapol) indicating a drop of NOx. 

The step duration was too short to obtain a stationary NOx-value with RAI in the 1st step. 
The NOx value with RAI in the 2nd step is supposed to be very close to this one in the 1st 
step, so it was used for estimate of KNOX OP1-OP2. This KNOx (84% for Anapol and 
86% for 2CLD) is very close to the aver-age result from previous measurement (83.9%). 

7.2.3 DPF filtration quality 
Some trucks with OEM-SCR system were refitted in Switzerland with cDPF for air protec-
tion reasons. One of the retrofitted DPF’s was tested and an excellent filtration quality 
was found. 

Figure 4 represents the nanoparticles size distribution spectra measured before and after 
DPF with the SMPS-system. In the lowest part of this figure there is the penetration (ratio 
of particle count passing through the filter to the particle count before filter). The penetra-
tion in all investigated OP’s varied between 0.03 and 0.0001, which represents a very 
high filtration quality of the tested DPF. 
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Fig. 4: SMPS size spectra at OP2 and NP-filtration of a retrofitted DPF. OEM SCR; dos-
ing activated; vehicle E; chassis dyno MAN 

7.2.4 Increased backpressure 
Diesel exhaust gas aftertreatment systems, which are extensively used in the heavy duty 
(HD)   vehicles often as retrofit systems can increase the backpressure of the engine.  

Tests with increased backpressure, in the range, which is probable for the exhaust after-
treatment systems, were performed on engine dynamometer, [45] and on a modern truck 
on chassis dynamometer, [46]. 

The Iveco F1C engine on engine dynamometer could be operated with & without EGR 
and also in dynamic cycle (ETC). Some non-legislated emissions could be additionally 
measured by FTIR. 

The MAN Truck Euro V could be operated on chassis dynamometer at some chosen 
constant oper-ating points. 

 
The most important results from Iveco engine, [45], are: 

 
• The increased backpressure without EGR causes at stationary operation: slight reduc-

tion of HC, slight increase of CO and no significant influence on NOx,  
• with EGR and at lower part load operation (at stationary working conditions) there is 

no  
•  influence of increased backpressure (in the investigated range) on emissions, 
• the nanoparticles emissions without EGR are at lower level and increase slightly with 

in-creasing backpressure; with EGR there is a higher emission level, but no influence 
of backpressure, 

• at dynamic operation in ETC there are no significant influences of increased backpres-
sure on CO and HC; nevertheless, there is an increase of NOx in the range of 2% w/o 
EGR and 7% with EGR, 

•  the increased backpressure lowers the engine air consumption and increases the fuel 
consumption, 

• there are no increases of the non-legislated emission components measured with 
FTIR. 
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The results from Man truck, [46], are:  

 
• at high engine load the increased backpressure (∆p) provokes the increase of CO, 

CO2 and NOx, there are no HC to be measured,  
• at low engine load there is only a slight increase of CO2, but reduction of CO & NOx 

with increased ∆p. 
 

To sum up, it can be stated, that the increased backpressure, in some situations has, and 
in other situations, has no influences on engine-out emissions. The question: “if the emis-
sions can be deteriorated by higher ∆p to be significantly beyond the legal limits?” – can-
not be strictly answered for all application cases. 

There are experiences of trucks Euro V with OEM-SCR, which were retrofitted with DPF 
and showed no significant deterioration of the limited gaseous components. AFHB can of-
fer such tests. 

7.3 Transient operation on chassis dyno and on-road 
7.3.1 Influence of ambient temperature on KNOx 

Fig. 5 gives the overview of average emission values in the FIGE test cycles performed 
on the HD chassis dyno. 

The differences of average temperature during the tests result from the fact, that the hall 
with the HD-chassis dynamometer was irregularly opened, or closed for other purposes 
of transport and due to the cold ambient air (winter time) strong dispersion of the air tem-
perature in the measuring hall resulted. This influenced the temperature before SCR and 
provoked the dispersion of results: integral NOx, NO2 & KNOx. NH3 was only slightly visi-
ble at the last test with the highest temperature. 

It is clear, that with the lowest ambient temperature there is a lower NOx reduction rate 
and the comparative testing on vehicle e.g. before and after field durability period, should 
be realized at similar ambient conditions. 
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Fig. 5: Emissions in FIGE transcient cycle & sensitivity to tamb; retrofit system cDPF & 
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SCR;  α = 0.75; vehicle A; ULSD; chassis dyno DINEX 

7.3.2 SCR in hybrid vehicle (HEV) operation 
 

CPK-dataloggers and CPK-NOx-sensors up- & downstream of the system were installed 
on a hybrid bus (veh. B) for some months. A complete registration of data could be per-
formed during 48 days. 

During the evaluation it was stated, that there was at several days no operation, or very 
short operation or operation in short intervals with temperature of the NOx-sensors below 
140°C, when they did not register any data. 

Finally the data from 14 days were selected as complete and representative for a full-day-
operation with warm engine and warmed-up exhaust aftertreatment system. These data 
showed average NOx conversion levels between 30% and 67% depending on the operat-
ing profile and on the average temperatures of the exhaust system. 

The test vehicle was also given for a specific test of AFHB on a defined road circuit. This 
circuit was chosen in the manner to obtain possibly different traffic situations, as “non-
urban” and “motorway”. 
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Fig. 6: Hybrid on road trip – switching off the engine. Vehicle B; CRT & SCR; ULSD; Ad-
Blue 

 

1 railroad crossing; combustion engine off  
2 traffic light; combustion engine off  
3 traffic light; combustion engine on  
4 reverse; combustion engine off  

 

* NOx
downstream

 values from NOx-sensor,  
without consideration of the cross-sensitivity  
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Fig. 6 represents the time-plots of results from one of the trips on the same road circuit. 

The results are: 
• vehicle speed, 
• altitude,  
• distance,  
• exhaust temperature up- and downstream, 
• NOx-sensors signals (CPK) up- and downstream. 
 

Different traffic situations are marked with numbers. During the stop of vehicle there is 
mostly a stop of the engine, which is visible by lowering of texh & NOx. 

At engine switch-off the NOx-values are first falling down to zero, but after approx. 5-15 
seconds they jump up to a certain value and decline slowly during the rest of the engine-
stop time.  

This effect was repeated and confirmed on engine dyno. It was remarked, that after en-
gine stop and ventilation system still going on, the signal of the NOx-sensor upstream 
drops the first. It must be supposed, that there is a stored exhaust gas volume in the ex-
haust system near to the sensor, or in the sensor, which gives reason for this indication. 

In the initial phase of the driving cycle the sensors are not active (tsensors < 140°C). This 
inactive phase is much shorter with the “warm” started engine and exhaust system. 

7.3.3 Estimate of KNOx on-road with 1, or with 2 sensors 
 
For the on-road testing of vehicle F the CPK sensors before/after system and 2 CLD with 
heated line were used. First 3 trips (trips 1, 2, 3) were performed with the CLD at “engine 
out” position (EO, before DPF+SCR system) and 3 further trips (trips 4, 5, 6) were per-
formed with CLD at tailpipe (TP, after system). 

The NOx-traces with CPK sensors are interrupted, when the sensor temperature is falling 
below 140°C. This is a protection measure of the sensors and as consequence there is 
only partial information about the measured NOx-emissions. This information is given in 
working periods with warmer exhaust and consequently with higher KNOx. 

To study the question, how reliable would be the estimate of KNOX with 1 sensor only, the 
CLD results were also considered in the limited periods of active SCR and active CPK 
sensors. 

The estimate of KNOx with 1 sensor only means to drive a circuit with active RAI and with 
time-measurement of NOx at TP and afterwards to drive the same circuit with deactivated 
RAI. This is applicable for the SCR-systems, having only 1 NOx-sensor downstream. 

The present results from 6 trips were used to estimate the KNOX-values in the active pe-
riods of CPK & SCR in two ways:  
a) measurement only with 1 sensor (CLD) EO, or TP: use of one reference value (EO) 

for more results (TP) from other trips (here: trips 4, 5, 6) see Fig.7,  
b) simultaneous measurement with 2 sensors (CPK) EO & TP, in all trips. 
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Trip 1

Trip 2

Trip 3

Trip 4

Trip 5

Trip 6

Engine-out tailpipe

 
 

Fig. 7: Measurements with 2 CLD in 6 trips & estimate of KNOx with  

→ 1 sensor only 
→ 2 sensors simultaneously 

 
In Fig. 8, the method of estimate “1 sensor only” was applied to the CPK-results and 
compared with the CLD-results. There are represented:  

 
• KNOx in trips 4, 5, 6 with reference values from trips 1, 2, 3 – estimate “1 sensor only “ 

with CLD and with CPK, 
• KNOx in all trips –estimate “2 sensors simultaneously” with CPK. 

 
It has to be remarked that trip 1 was with a cold start and trip 3 was started after longer 
cooling period. 

With consideration of “cold” trips 1 & 3 of the simultaneous measuring method (2 CPK 
sensors) the dispersion (COV) of KNOx is higher. In opposite to that the method of “1 
sensor” shows less dispersion of results and does not recognize the KNOx-differences 
between “cold” and “warm”. 

It can be summarized that: the “1 sensor” method offers at warm operation of the exhaust 
system the same information about the average KNOx-values, as the “2-sensors” meth-
od. For “cold” cycles the “1 sensor” method is less selective and does not indicate the 
KNOx-differences between “cold” and “warm”. 
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Fig. 8: Comparison of KNOx-dispersion between 2 measurement types: with 1 sensor on-
ly and with 2 sensors simultaneously. Periods of active SCR & CPK sensors; vehicle F; 
ULSD; AdBlue; dosing activated. 

 
Fig. 9 shows the estimates of KNOx-values over whole trip (CLD) or over active time (of 
CPK + SCR). The logic of evaluations in this figure is the same as in the previous consi-
derations.  

The most important statement is: as colder is the exhaust aftertreatment system during a 
part of the trip, as lower is the average KNOx-value in this period. The CPK-sensors are 
less active and cannot indicate all emissions. In the active periods the CPK-sensors show 
higher KNOx-values, than the average of the colder cycle part. For the hot exhaust after-
treatment system there are no differences of KNOx between “whole trip CLD” and “active 
time CPK”. 
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Fig. 9: Comparison of KNOx-values from different periods of the trip ① 2CLD  whole trip 
→ ② CPK & SCR active time. Vehicle F; ULSD; AdBlue; dosing activated. 

 

7.3.4 SCR in Diesel-CNG Operation 
 

Research on vehicle G has been performed on the HD chassis dynamometer at bi-fuel 
operation: Diesel fuel and Diesel/CNG. The vehicle was equipped with an OEM-SCR-
system and retrofitted with a system, which interacts with the electronic control of the en-
gine and can replace a part of the Diesel fuel by a gaseous fuel CNG, LNG, LPG or other 
gaseous fuels. 

This system yields an electronically controlled multipoint gas injection in the intake chan-
nels of individual cylinders. In the case of the present DAF truck there is no Lambda regu-
lation and no 3-way-catalyst attached. The Diesel substitution rate at transient operation 
is 40-50% - according to the external information. 

Fig. 10 shows the results of following FIGE-cycles, which were performed in this time se-
quence:  
 
• FIGE 1, engine cold, high load, Diesel, 
• FIGE 2, engine warm, high load, Diesel, 
• FIGE 3, engine cold, low load bi-fuel, 
• FIGE 4, engine warm, high load, bi-fuel, 
• FIGE 5, engine cold, low load, Diesel. 

 
The last part of FIGE 4 was performed with Diesel fuel only, since the CNG-reserve was 
finished and FIGE 5 was a repetition with Diesel fuel. 

It can be remarked that there is a very high emission of HC with CNG-addition and for the 
cold cycle HC are much higher, than for the warm cycle. In Diesel-fuel operation there is 
a slight Ammonia slip originating from the deposits, which were previously accumulated. 
The CNG operation enabled the elimination of these deposits and there are no more 
traces of NH3 in the last cycle with Diesel-fuel (FIGE 5). 

The NOx-traces with CPK sensors are interrupted, when the sensor temperature is falling 
below 140°C. This is a protection measure of the sensors and as consequence there is 
only partial information about the measured NOx-emissions. 
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Except of the period, when the CPK-sensors are not active, there also is a period, when 
SCR is not active due to low temperature and no RAI activated. 

Table 3 summarizes the average KNOX-values obtained in the FIGE cycles:  

 

fuel

load dyno

engine

AMA 57 71 68 72 55 66
CPK*** 62 70 69 71 58 65
  * Longer cooling period

 ** Very short cooling period

*** NOx sensors are not active during the f irst part of the test. 

KNOx
%

ULSD

high

w arm

ULSD

low

cold**

w hole
test

SCR
on

w hole
test

SCR
on

w hole
test

Diesel

integral
SCR
on

FI
G

E1

FI
G

E2

FI
G

E5

ULSD

high

cold*

 

fuel

load dyno

engine

AMA 17 29 50 60
CPK*** 19 32 50 60
*** NOx sensors are not active during the f irst part of the test. 

1) Last part of test only w ith diesel (no CNG)

KNOx
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G
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 1)
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Table 3: Average values of KNOX in FIGE-cycle; OEM SCR; dosing activated; CNG retro-
fit; Vehicle G; Euro V; ULSD; chassis dyno JRC 
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Fig. 10: Average emission in FIGE with ULSD & Bi-Fuel. OEM SCR; dosing activated; 
Vehicle G; Euro V; chassis dyno JRC 

 
For the cold cycle the KNOx over whole test is much lower, than the KNOX during “SCR 
on”. For the warm cycle this tendency is less pronounced. In the bi-fuel operation the in-



1431  |   TeVeNOx – Testing of SCR-Systems on HD-Vehicles  

40 October 2013 

vestigated SCR-system attains the KNOx-values over whole cycle between 19% for cold 
cycle and 50% for warm operation. 

In the monofuel operation (ulsd) there are generally higher NOx reduction rates – for 
whole cycles between 55% (cold) and 69% (warm). 

An important parameter, which influences the NOx-reduction is the average exhaust tem-
per-ature. At stationary operation texh is higher for bi-fuel-operation, at dynamic operation 
texh-average is lower. So are the relationships of KNOX-values too. Obviously these rela-
tionships are dependent on the choice of the operating conditions. 

Other significant influences of the bi-fuel operation on the emissions are: 
• much higher CO-values 
• much higher HC-values (mostly Methane, Ethane & Ethene) 
• increase of Formaldehyde HCHO and Acetyladehyde MECHO 
• increase of Sulfur Dioxide. 

 
For the bi-fuel operation there is the same exhaust aftertreatment system (SCR). The 
lowest hydrocarbons are most stable and cannot be sufficiently oxidized in this system. 
The surplus of Sulfur is believed to originate from the used gaseous fuel. 

7.3.5 Simple SCR function test on road 
This SCR function test is a part of the short acceptance test (TeVeNOx Type 3, see sec-
tion 3 of this paper). This test consisting essentially of warm-up of the system on-road 
(until urea SWON) and cooling down at idling (until urea SWOFF), with on-line NOx-
measurement is represented in Fig. 3. In OEM-SCR applications there are different inter-
ventions of the ECU, which make necessary to modify the simple procedure. These are: 

a) Cut-off urea dosing, when the vehicle wheels stop – in this case the SWOFF can be 
performed, if the vehicle is rolling slowly with near-to-idling engine operation. This has 
been done on the chassis dyno, but it is hardly possible in the normal road traffic, as it 
needs a time of 10 to 15 minutes. 

b) Adaptation of the low load engine power to the needs of the on-board energy con-
sumption – Fig. 11 shows the intervention of ECU after long idling and the results of 
NOx during vehicle stop and urea cut-off. By the test “with dosing acti-vated” the total 
elimination of “NOxout” during approx. 45s after urea cut-off is a repetitive effect and 
can be regarded as a prove of the functionality of RAI. The estimate of KNOx never-
theless is not possible. 

c) Engine switch off & on after vehicle stop in the hybrid application. Fig. 12 shows the 
traces of texh & NOx up-and downstream in the period after vehicle stop (ap-prox. 12 
min).  

 

After the 1st engine cut-off (period II) the NOx-sensors show higher signals, than after the 
2nd engine cut-off (period IV). This is a sign, that the temperature of the sensors plays an 
im-portant role in indicating the NOx-values at engine standstill. 

During the engine switch-on (period III) there is a sudden change of NOx-level. This indi-
cates a change of engine load directed by the hybrid control system to satisfy the energy 
demand in the given situation (SOC, auxiliary aggregates etc). 

In the engine run period III there are some periods of stabilized engine operation and sta-
bi-lized NOx-values up- & downstream. This enables to estimate the NOx conversion ra-
tios in this given thermal situation.  
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Similar results with nearly the same KNOX-values were obtained from three performed 
trips. This suggests that there is a sufficient repeatability and this estimate could be used 
for quick quality control of the deNOx-systems. 

After these examples it can be stated that the simple SCR function test on road is possi-
ble, but especially for the OEM-applications the procedure has to be adapted to the con-
ditions given by the electronic control system of the vehicle. 
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Fig. 11: SWOFF – ECU intervention after 
long idling period. OEM SCR; dosing 
OP2 activated; Vehicle D; ULSD, chassis 
dyno LARAG 
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Fig. 12: HEV: Engine switch off & on af-
ter vehicle stop, dependant on battery 
SOC.  Vehicle B, CRT & SCR; ULSD; 
AdBlue; on road 

 

7.4 Use of impingers to dertermine the reactive nitrogen com-
pounds (RNC) emissions 
A special interest was given in TeVeNOx to emissions of reactive nitrogen compounds 
(RNC) such as NO, NO2, NH3 and HNCO, which are of toxicological relevance. These 
compounds are highly reactive, difficult to sample and analyse, but all involved in the 
deNOx chemistry of SCR catalysts. NH3 and HNCO are formed in the catalyst during 
urea decomposition and if released, have to be considered as secondary emissions of 
the converter. FT-IR-based methods are currently not sensitive enough to monitor the re-
lease of these compounds at the ppb level. Therefore we applied two chemisorption 
methods to accumulate NH3 and HNCO in impingers transforming them to chemically 
stable forms, which can be analyzed off-line. Ammonia is transformed in an ammonium 
salt and analyzed with ion chromatography, HNCO in an urea derivative, which is ana-
lyzed by LC-MS. 

With sampling volumes of 10-30 L of exhaust could we obtain detection limits of 0.2 
mg/m3 (260 ppb) for ammonia and 0.004 mg/m3 (2 ppb) for isocyanic acid, which is 
about one and three orders of magnitude below the sensitivity of the FT-IR method. Thus, 
both impinger methods are more sensitive and suitable to determine emission factors un-
der steady-state conditions. These methods have been applied in the TeVeNOx project 
on HDV chassis dynamometers in the three-phase cycle and more widely on the engine 
test bench in the 8-phase ISO8178/4 C1 cycle. 
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As an example, HNCO emission factors (mg/h) of two HDV vehicles are shown Figure 13. 
One vehicle was equipped with a combined DPF-SCR system [41], the other had an 
OEM SCR system and was retrofitted with an efficient LRV-approved DPF downstream of 
the deNOx system [42]. HNCO emissions in the three-phase cycle are given for cold idle, 
at 50 km/h during SCR light-off, at 50 and 70 km/h with active SCR and during hot idle 
conditions. Emissions at the tail-pipe (lower diagrams), engine-out (upper left) and after 
the SCR (upper right) are reported. The applied LC-MS analysis was able to detect 
HNCO in all samples. Emissions after active SCR were increased, but retrofitting a DPF 
down-stream of the SCR lowered HNCO emissions to some degree. 

We conclude that secondary emissions of isocyanic acid can be found in exhausts of the 
Euro-VI and the Euro-V HDVs in the same order of magnitude. As shown before, HNCO 
emissions of urea-based SCR systems vary considerably for different converter tech-
nologies and different operating points. Tail-pipe emissions of both HDVs varied by two 
orders of magnitude and reached about 200 mg/h. Both HDVs emit at the lower end 
compared to previous studies [49, 50]. 

Detailed results of EMPA research with impingers in the TeVeNOx project are given in 
[51]. 

 

  

  

 

Fig. 13: HNCO emission factors in mg/h of Euro-VI (left) and Euro-V (right) heavy-duty 
vehicles operated in the 3-mode test cycle. Engine-out emissions (upper left) and tail-pipe 
emissions (lower left) are compared for the Euro-VI HDV and emissions after SCR (be-
fore DPF, upper right) and at the tail-pipe (lower right) are shown for  the Euro-V truck. 
Conditions with fully active SCR are highlighted with ↓. The Euro-VI vehicle has an OEM 
DPF up-stream of the SCR, the Euro-V vehicle had an OEM SCR system and was retro-
fitted with a DPF. 

↓          ↓ ↓ 

↑ 

↓          ↓ 

↓          ↓ 
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8 CONCLUSIONS 

As general conclusions it can be stated: 
 

• The foundations for the quality verification procedures of SCR-systems are es-
tablished, 

• The SCR-systems are not active at lower temperatures < 200°C,  
• SCR-testing on vehicle has more importance and is a simple & low-cost tool for quality 

check, 
• The overall average NOx reduction rate depends on the operating profile of the vehi-

cle for low-load, for cold operation and for interrupted operation (HEV) there are lower 
NOx reduction efficiencies, 

• Sampling with impingers with the following analytics of traces is approximately 1 order 
of magnitude more sensitive for Ammonia and 3 orders of magnitude more sensitive 
for Isocynic Acid. This method is an appropriate tool to detect specific non-legislated 
emission components; for a “quick-check” nevertheless it is not applicable. 

 

Other remarkable technical points are: 
 

• •higher feed factor α increases slightly KNOx, but also increases significantly the NH3-
slip,  

• the retrofitted DPF’s confirmed their excellent filtration quality (according to 
VERT/OAPC),  

• the ambient temperature influences the average KNOx – the comparative testing on 
vehicle e.g. before and after field durability period, should be realized at similar ambi-
ent conditions, 

• for estimate of KNOx different analyzers and sensors can be used, 
• the CPK-sensors do not indicate the emissions in the colder parts of driving cycles (at 

sensor temperature < 140°C); for this reason the CPK-sensors show in their active pe-
riods higher KNOx-values, than the average of the colder cycle part. For the hot ex-
haust aftertreatment system there are no differences of KNOx between “whole trip 
CLD” and “active time CPK”, 

• the average KNOX-values in a road trip can be estimated with “1 sensor only” (2 trips 
with/without RAI), or with “2 sensors” (simultaneous measurements during 1 trip) - the 
“1 sensor” method offers at warm operation of the exhaust system the same infor-
mation about the average KNOX-values, as the “2 sensors” method. For “cold” cycles 
the “1 sensor” method is less selective and does not indicate the KNOx-differences 
between “cold” and “warm”, 

• a bi-fuel operation Diesel-CNG with a retrofitted CNG system showed a significant 
lowering of the NOx reduction rate and a significant increase of the CO- and HC-
values, 

• the simple SCR function test on road is possible, but especially for the OEM-
applications the procedure has to be adapted to the conditions given by the electronic 
control system of the vehicle. 
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9 DOCUMENTATION 

The original data are confidential. They are archived at the Exhaust Gas Laboratory of 
the University of Applied Sciences, Biel. 

Information about the quality management of measuring systems and of data is available 
on request. 
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I ANNEXES  

I.1 A1 Reactions in a SCR deNOx Systems 

 



1431  |   TeVeNOx – Testing of SCR-Systems on HD-Vehicles   

 October 2013 49 

 
 
 

 



1431  |   TeVeNOx – Testing of SCR-Systems on HD-Vehicles  

50 October 2013 

I.2 A2 Data and measuring set-up of investigated vehicles 
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I.3 A3 Example of a road test circuit 
Restliche Formatierung wie normaler Text 
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Abbreviations 

Begriff Bedeutung 

AFHB  Abgasprüfstelle FH Biel, CH 

ASTRA  Bundesamt für Strassen, (Swiss Federal Roads Office) 

AUVA Austria Unfall Versicherung-Anstalt 

BAFU  Bundesamt für Umwelt, (Swiss Federal Office of Environment) 

cDPF catalyzed DPF 

CLD  chemoluminescence detector 

CNC  condensation nuclei counter 

CNG compressed natural gas 

COV coefficient of variance 

CPC  condensation particle counter 

CPK supplier of datalogging equipment 

CRT continuously regenerating trap 

DC  diffusion Charging Sensor 

dePN  de Particles + deNOx 

DI  Direct Injection 

DiSC diffusion size classifier 

DMA  differential mobility analyser 

DPF  Diesel Particle Filter 

ECU  electronic control unit 

EMPA  Eidgenössische Material Prüf- und Forschungsanstalt 

ETC  European Transient Cycle 

EO engine out 

FE  filtration efficiency 

FID  flame ionization detector 

FIGE a non-standardized vehicle version of ETC 

FL  full load 

  

FTIR  Fourrier Transform Infrared Spectrometer 

GPS global positioning system 

GRPE UN Groupe of Rapporteurs Pollution & Energie 

HD 
HDV  

heavy duty  
heavy duty vehicle 

HEV hybrid electric vehicle 

HNCO isocyanic acid 

ICE  internal combustion engines 

JRC EC Joint Research Center 

KNOX conversion rate of NOx 

LC-MS liquid chromatography & mass spectrometry 

LEZ  low emission zones 

LRV   Luftreinhalteverordnung 

ME  Matter Engineering 

MD19  heated minidiluter 

NanoMet  NanoMetnanoparticle summary surface analyser (PAS + DC + MD19) 
PAS + DC + sampling & dilution unit 

NP  nanoparticles < 999 nm (SMPS range) 

OAPC Swiss Ordinance on Air Pollution Control 

OEM  original equipment manufacturer 
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Begriff Bedeutung 

OP  operating point 

PAS  Photoelectric Aerosol Sensor 

PC  particle counts 

PCFE  particle counts filtration efficiency 

PM  particulate matter, particle mass 

PMFE  particle mass filtration efficiency 

PMP Particulate Measurement Program of GRPE 

PSD  particle size distribution 

RAI reduction agent injection 

RE  reduction efficiency 

RNC reactive nitrogen compounds 

SCR  selective catalytic reduction 

SMPS  Scanning Mobility Particle Sizer 

SNORB  Swiss NO Retrofit Benchmark 

SOC state of charge 

SP  sampling position 

SUVA Schweiz. Unfallversicherungs-Anstalt 

SW urea switch 

SWON urea switch on 

SWOFF urea switch off 

TBG Tiefbaugenossenschaft 

TC  thermoconditioner. Total Carbon 

TeVeNOx Testing of Vehicles with NOx reduction systems 

TP Tailpipe 

TTM Technik Thermische Maschinen 

UDS urea dosing system 

ULSD  ultra low sulfur Diesel 

VERT  Verminderung der Emissionen von Realmaschinen in Tunelbau 

VERTdePN
  

VERT DPF + VERT deNOx 

VPNT1  VERTdePN Test 1 - engine dyno 

VPNT2  VERTdePN Test 2 - field durability 1000h 

VPNT3  VERTdePN Test 3 - check after field test chassis dyno 

VPNTSET
  

VERTdePN secondary emissions test - engine dyno 

VSET  VERT Secondary Emissions Test 

 feed factor of urea dosing; 
ratio: urea injected / urea stoichiometric; calculated by the ECU. 
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1401 SVI 2006/003 Akzeptanz von Verkehrsmanagementmassnahmen-Vorstudie 2012 
1400 VSS 2009/601 Begrünte Stützgitterböschungssysyteme 2012 
1399 VSS 2011/901 Erhöhung der Verkehrssicherheit durch Incentivierung 2012 

1398 
ASTRA 

2010/019 
Environmental Footprint of Heavy Vehicles Phase III: Comparison of Footprint 
and Heavy Vehicle Fee (LSVA) Criteria 

2012 

1397 
FGU 

2008/003_OBF 
Brandschutz im Tunnel: Schutzziele und Brandbemessung Phase 1: Stand 
der Technik 

2012 

1396 VSS 1999/128 
Einfluss des Umhüllungsgrades der Mineralstoffe auf die mechanischen 
Eigenschaften von Mischgut 

2012 

1395 FGU 2009/003 
KarstALEA: Wegleitung zur Prognose von karstspezifischen Gefahren im 
Untertagbau 

2012 

1394 VSS 2010/102 Grundlagen Betriebskonzepte 2012 

1393 VSS 2010/702 Aktualisierung SN 640 907, Kostengrundlage im Erhaltungsmanagement 2012 

1392 
ASTRA 

2008/008_009 
FEHRL Institutes WIM Initiative (Fiwi) 2012 

1391 
ASTRA 

2011/003 
Leitbild ITS-CH Landverkehr 2025/30 2012 
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1390 
FGU 

2008/004_OBF 
Einfluss der Grundwasserströmung auf das Quellverhalten des Gipskeupers 
im Belchentunnel 

2012 

1389 FGU 2003/002 Long Term Behaviour of the Swiss National Road Tunnels 2012 
1388 SVI 2007/022 Möglichkeiten und Grenzen von elektronischen Busspuren 2012 

1387 
VSS 

2010/205_OBF 
Ablage der Prozessdaten bei Tunnel-Prozessleitsystemen 2012 

1386 VSS 2006/204 Schallreflexionen an Kunstbauten im Strassenbereich 2012 

1385 VSS 2004/703 
Bases pour la révision des normes sur la mesure et l'évaluation de la planéité 
des chaussées 

2012 

1384 VSS 1999/249 
Konzeptuelle Schnittstellen zwischen der Basisdatenbank und EMF-, EMK- 
und EMT-DB 

2012 

1383 FGU 2008/005 
Einfluss der Grundwasserströmung auf das Quellverhalten des Gipskeupers 
im Chienbergtunnel 

2012 

1382 VSS 2001/504 
Optimierung der statischen Eindringtiefe zur Beurteilung von harten Gussas-
phaltsorten 

2012 

1381 SVI 2004/055 Nutzen von Reisezeiteinsparungen im Personenverkehr 2012 

1380 
ASTRA 

2007/009 
Wirkungsweise und Potential von kombinierter Mobilität 2012 

1379 
VSS 

2010/206_OBF 
Harmonisierung der Abläufe und Benutzeroberflächen bei Tunnel-
Prozessleitsystemen 

2012 

1378 SVI 2004/053 Mehr Sicherheit dank Kernfahrbahnen? 2012 

1377 VSS 2009/302 
Verkehrssicherheitsbeurteilung bestehender Verkehrsanlagen (Road Safety 
Inspection) 

2012 

1376 
ASTRA 

2011/008_004 
Erfahrungen im Schweizer Betonbrückenbau 2012 

1375 VSS 2008/304 Dynamische Signalisierungen auf Hauptverkehrsstrassen 2012 

1374 FGU 2004/003 
Entwicklung eines zerstörungsfreien Prüfverfahrens für Schwiessnähte von 
KDB 

2012 

1373 VSS 2008/204 Vereinheitlichung der Tunnelbeleuchtung 2012 

1372 SVI 2011/001 
Verkehrssicherheitsgewinne aus Erkentnissen aus Datapooling und struktu-
rierten Datenanalysen 

2012 

1371 
ASTRA 

2008/017 
Potenzial von Fahrgemeinschaften 2011 

1370 VSS 2008/404 Dauerhaftigkeit von Betongranulat aus Betongranulat 2011 
1369 VSS 2003/204 Rétention et traitement des eaux de chaussée 2012 

1368 FGU 2008/002 Soll sich der Mensch dem Tunnel anpassen oder der Tunnel dem Menschen? 2011 

1367 VSS 2005/801 
Grundlagen betreffend Projektierung, Bau und Nachhaltigkeit von Anschluss-
gleisen 

2011 

1366 VSS 2005/702 
Überprüfung des Bewertungshintergrundes zur Beurteilun der Strassengriffig-
keit 

2010 

1365 SVI 2004/014 Neue Erkenntnisse zum Mobilitätsverhalten dank Data Mining? 2011 

1364 SVI 2009/004 Regulierung des Güterverkehrs Auswirkungen auf die Transportwirtschaft 2012 

1363 VSS 2007/905 Verkehrsprognosen mit Online -Daten 2011 
1362 SVI 2004/012 Aktivitätenorientierte Analyse des Neuverkehrs 2012 
1361 SVI 2004/043 Innovative Ansätze der Parkraukmbewirtschaftung 2012 
1360 VSS 2010/203 Akustische Führung im Strassentunnel 2012 
1359 SVI 2004/003 Wissens- und technologientransfer im Verkehrsbereich 2012 
1358 SVI 2004/079 Verkehrsanbindung von Freizeitanlagen 2012 
1357 SVI 2007/007 Unaufmerksamkeit und Ablenkung: Was macht der Mensch am Steuer? 2012 
1356 SVI 2007/014 Kooperation an Bahnhöfen und Haltestellen 2011 

1355 FGU 2007/002 
Prüfung des Sulfatwiderstandes von Beton nach SIA 262/1, Anhand D: An-
wendbarkeit und Relevanz für die Praxis 

2011 
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1354 VSS 2003/203 
Anordnung, Gestaltung und Ausführung von Treppen, Rampen und Treppen-
wegen 

2011 

1353 VSS 2000/368 Grundlagen für den Fussverkehr 2011 
1352 VSS 2008/302 Fussgängerstreifen (Grundlagen) 2011 

1351 
ASTRA 

2009/001 
Development of a best practice methodology for risk assessment in road 
tunnels 

2011 

1350 VSS 2007/904 IT-Security im Bereich Verkehrstelematik 2011 

1349 VSS 2003/205 
In-Situ-Abflussversuche zur Untersuchung der Entwässerung von Autobah-
nen 

2011 

1348 VSS 2008/801 
Sicherheit bei Parallelführung und Zusammentreffen von Strassen mit der 
Schiene 

2011 

1347 VSS 2000/455 Leistungsfähigkeit von Parkierungsanlagen 2010 

1346 
ASTRA 

2007/004 
Quantifizierung von Leckagen in Abluftkanälen bei Strassentunneln mit kon-
zentrierter Rauchabsaugung 

2010 

1345 SVI 2004/039 Einsatzbereiche verschiedener Verkehrsmittel in Agglomerationen 2011 

1344 VSS 2009/709 
Initialprojekt für das Forschungspaket "Nutzensteigerung für die Anwender 
des SIS" 

2011 

1343 VSS 2009/903 
Basistechnologien für die intermodale Nutzungserfassung im Personenver-
kehr 

2011 

1342 FGU 2005/003 
Untersuchungen zur Frostkörperbildung und Frosthebung beim Gefrierverfah-
ren 

2010 

1341 FGU 2007/005 Design aids for the planning of TBM drives in squeezing ground 2011 
1340 SVI 2004/051 Aggressionen im Verkehr 2011 

1339 SVI 2005/001 
Widerstandsfunktionen für Innerorts- Strassenabschnitte ausserhalb des 
Einflussbereiches von Knoten 

2010 

1338 VSS 2006/902 
Wirkungsmodelle für fahrzeugseitige Einrichtungen zur Steigerung der Ver-
kehrssicherheit 

2009 

1337 
ASTRA 

2006/015 
Development of urban network travel time estimation methodology 2011 

1336 
ASTRA 

2007/006 
SPIN-ALP: Scanning the Potential of Intermodal Transport on Alpine Corri-
dors 

2010 

1335 VSS 2007/502 
Stripping bei lärmmindernden Deckschichten unter Überrollbeanspruchung im 
labormasstab 

2011 

1334 
ASTRA 

2009/009 
Was treibt uns an ? Antriebe und Treibstoffe für die Mobilität von Morgen 2011 

1333 SVI 2007/001 Standards für die Mobilitätsversorgung im peripheren Raum 2011 

1332 VSS 2006/905 
Standardisierte Verkehrsdaten für das verkehrsträgerübergreifende Ver-
kehrsmanagement 

2011 

1331 VSS 2005/501 Rückrechnung im Strassenbau 2011 
1330 FGU 2008/006 Energiegewinnung aus städtischen Tunneln; Systemeevaluation 2010 
1329 SVI 2004/073 Alternativen zu Fussgängerstreifen in Tempo-30-Zonen 2010 

1328 VSS 2005/302 Grundlagen zur Quantifizierung der Auswirkungen von Sicherheitsdefiziten 2011 

1327 VSS 2006/601 Vorhersage von Frost und Nebel für Strassen 2010 
1326 VSS 2006/207 Erfolgskontrolle Fahrzeugrückhaltesysteme 2011 

1325 SVI 2000/557 
Indices caractéristiques d'une cité-Vélo. Méthode d'évaluation des politiques 
cyclables en 8 indices pour les petites et moyennes communes. 

2010 

1324 VSS 2004/702 
Eigenheiten und Konsequenzen für die Erhaltung der Strassenverkehrsanla-
gen im überbauten Gebiet 

2009 

1323 VSS 2008/205 Ereignisdetektion im Strassentunnel 2011 
1322 SVI 2005/007 Zeitwerte im Personenverkehr: Wahrnehmungs- und Distanzabhängigkeit 2008 
1321 VSS 2008/501 Validation de l'oedomètre CRS sur des échantillons intacts 2010 
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1320 VSS 2007/303 
Funktionale Anforderungen an Verkehrserfassungssysteme im Zusammen-
hang mit Lichtsignalanlagen 

2010 

1319 VSS 2000/467 
Auswirkungen von Verkehrsberuhigungsmassnahmen auf die Lärmimmissio-
nen 

2010 

1318 FGU 2006/001 Langzeitquellversuche an anhydritführenden Gesteinen 2010 
1317 VSS 2000/469 Geometrisches Normalprofil für alle Fahrzeugtypen 2010 
1316 VSS 2001/701 Objektorientierte Modellierung von Strasseninformationen 2010 

1315 VSS 2006/904 
Abstimmung zwischen individueller Verkehrsinformation und Verkehrsma-
nagement 

2010 

1314 VSS 2005/203 Datenbank für Verkehrsaufkommensraten 2008 

1313 VSS 2001/201 
Kosten-/Nutzenbetrachtung von Strassenentwässerungssystemen, Ökobilan-
zierung 

2010 

1312 SVI 2004/006 
Der Verkehr aus Sicht der Kinder: 
Schulwege von Primarschulkindern in der Schweiz 

2010 

1311 VSS 2000/543 Viabilite des projets et des Installations annexes 2010 

1310 
ASTRA 

2007/002 
Beeinflussung der Luftströmung in Strassentunneln im Brandfall 2010 

1309 VSS 2008/303 
Verkehrsregelungssysteme - 
Modernisierung von Lichtsignalanlagen 

2010 

1308 VSS 2008/201 
Hindernisfreier Verkehrsraum- 
Anforderungen aus Sicht von Menschen mit Behinderung 

2010 

1307 
ASTRA 

2006/002 
Entwicklung optimaler Mischgüter und Auswahl geeigneter Bindemittel;D-A-
CH - Initialprojekt 

2008 

1306 
ASTRA 

2008/002 
Strassenglätte-Prognosesyste (SGPS) 2010 

1305 VSS 2000/457 Verkehrserzeugung durch Parkierungsanlagen 2009 
1304 VSS 2004/716 Massnahmenplanung im Erhaltungsmanagement von Fahrbahnen 2008 

1303 
ASTRA 

2009/010 
Geschwindigkeiten in Steigungen und Gefällen; Überprüfung 2010 

1302 VSS 1999/131 
Zusammenhang zwischen Bindemitteleigenschaften und 
Schadensbildern des Belages? 

2010 

1301 SVI 2007/006 
Optimierung der Strassenverkehrs- unfallstatistik durch Berücksichtigung von 
Daten aus dem Gesundheitswesen 

2009 

1300 VSS 2003/903 
SATELROU Perspectives et applications des méthodes de navigation pour la 
télématique des transports routiers et pour le système d'information de la 
route 

2010 

1299 VSS 2008/502 
Projet initial - Enrobés bitumineux à faibles impacts énergétiques et écolo-
giques 

2009 

1298 
ASTRA 

2007/012 
Griffigkeit auf winterlichen Fahrbahnen 2010 

1297 VSS 2007/702 
Einsatz von Asphaltbewehrungen (Asphalteinlagen) im Erhaltungsmanage-
ment 

2009 

1296 
ASTRA 

2007/008 
Swis contribution to the Heavy-Duty Particle  
Measurement Programme (HD-PMP) 

2010 

1295 VSS 2005/305 Entwurfsgrundlagen für Lichtsignalanlagen und Leitfaden 2010 

1294 VSS 2007/405 
Wiederhol- und Vergleichspräzision der Druckfestigkeit von Gesteinkörnun-
gen am Haufwerk 

2010 

1293 VSS 2005/402 
Détermination de la présence et de l'efficacité de dope dans les bétons bitu-
mineux 

2010 

1292 
ASTRA 

2006/004 
Entwicklung eines Pflanzenöl- 
Blockheizkraftwerkes mit eigener Ölmühle 

2010 
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1291 
ASTRA 

2009/005 

Fahrmuster auf überlasteten Autobahnen Simultanes Berechnungsmodell für 
das Fahrverhalten auf Autobahnen als Grundlage für die Berechnung von 
Schadstoffemissionen und Fahrzeitgewinnen 

2010 

1290 VSS 1999/209 
Conception et aménagement de passages inférieurs et supérieurs pour pié-
tons et deux-roues légers 

2008 

1289 VSS 2005/505 Affinität von Gesteinskörnungen und Bitumen, nationale Umsetzung der EN 2010 

1288 
ASTRA 

2006/020 
Footprint II- Long Term Pavement Performance and Environmental Monitor-
ing on A1 

2010 

1287 VSS 2008/301 
Verkehrsqualität und Leistungsfähigkeit von komplexen ungesteuerten Kno-
ten: Analytisches Schätzverfahren 

2009 

1286 VSS 2000/338 
Verkehrssqualität und Leistungsfähigkeit auf Strassen ohne Richtungstren-
nung 

2010 

1285 VSS 2002/202 In-situ Messung der akustischen Leistungsfähigkeit von Schallschirmen 2009 

1284 VSS 2004/203 Evacuation des eaux de chaussée par les bas-cotés 2010 
1283 VSS 2000/339 Grundlagen für eine differenzierte Bemessung von Verkehrsanlagen 2008 

1282 VSS 2004/715 
Massnahmenplanung im Erhaltungsmanagement von Fahrbahnen: Zusatz-
kosten infolge Vor- und Aufschub von Erhaltungsmassnahmen 

2010 

1281 SVI 2004/002 
Systematische Wirkungsanalysen von kleinen und mittleren Verkehrsvorha-
ben 

2009 

1280 
ASTRA 

2004/016 
Auswirkungen von fahrzeuginternen Informationssystemen auf das Fahrver-
halten und die Verkehrssicherheit Verkehrspsychologischer Teilbericht 

2010 

1279 VSS 2005/301 Leistungsfähigkeit zweistreifiger Kreisel 2009 

1278 
ASTRA 

2004/016 
Auswirkungen von fahrzeuginternen Informationssystemen auf das Fahrver-
halten und die Verkehrssicherheit - Verkehrstechnischer Teilbericht 

2009 

1277 SVI 2007/005 Multimodale Verkehrsqualitätsstufen für den Strassenverkehr - Vorstudie 2010 

1276 VSS 2006/201 Überprüfung der schweizerischen Ganglinien 2008 

1275 
ASTRA 

2006/016 
Dynamic Urban Origin - Destination Matrix - Estimation Methodology 2009 

1274 SVI 2004/088 
Einsatz von Simulationswerkzeugen in der Güterverkehrs- und Transportpla-
nung 

2009 

1273 
ASTRA 

2008/006 

UNTERHALT 2000 - Massnahme M17, FORSCHUNG: Dauerhafte Materia-
lien und Verfahren SYNTHESE - BERICHT zum Gesamtprojekt "Dauerhafte 
Beläge" mit den Einzelnen Forschungsprojekten: 
- ASTRA 200/419: Verhaltensbilanz der Beläge auf Nationalstrassen 
- ASTRA 2000/420: Dauerhafte Komponenten auf der Basis erfolgreicher 
Strecken 
- ASTRA 2000/421: Durabilité des enrobés 
- ASTRA 2000/422: Dauerhafte Beläge, Rundlaufversuch 
- ASTRA 2000/423: Griffigkeit der Beläge auf Autobahnen, Vergleich zwi-
schen den Messergebnissen von SRM und SCRIM 
- ASTRA 2008/005: Vergleichsstrecken mit unterschiedlichen oberen Trag-
schichten auf einer Nationalstrasse 

2008 

1272 VSS 2007/304 
Verkehrsregelungssysteme -  behinderte und ältere Menschen an Lichtsig-
nalanlegen 

2010 

1271 VSS 2004/201 Unterhalt von Lärmschirmen 2009 

1270 VSS 2005/502 Interaktion Strasse Hangstabilität: Monitoring und Rückwärtsrechnung 2009 

1269 VSS 2005/201 Evaluation von Fahrzeugrückhaltesystemen im Mittelstreifen von Autobahnen 2009 

1268 
ASTRA 

2005/007 
PM10-Emissionsfaktoren von Abriedspartikeln des Strassenverkehrs 
(APART) 

2009 

1267 VSS 2007/902 
MDAinSVT Einsatz modellbasierter Datentransfernormen (INTERLIS) in der 
Strassenverkehrstelematik 

2009 
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1266 VSS 2000/343 Unfall- und Unfallkostenraten im Strassenverkehr 2009 

1265 VSS 2005/701 
Zusammenhang zwischen dielektrischen Eigenschaften und Zustandsmerk-
malen von bitumenhaltigen Fahrbahnbelägen (Pilotuntersuchung) 

2009 

1264 SVI 2004/004 Verkehrspolitische Entscheidfindung in der Verkehrsplanung 2009 

1263 VSS 2001/503 
Phénomène du dégel des sols gélifs dans les infrastructures des voies de 
communication et les pergélisols alpins 

2006 

1262 VSS 2003/503 
Lärmverhalten von Deckschichten im Vergleich zu Gussasphalt mit struktu-
rierter Oberfläche 

2009 

1261 
ASTRA 

2004/018 
Pilotstudie zur Evaluation einer mobilen Grossversuchsanlage für beschleu-
nigte Verkehrslastsimulation auf Strassenbelägen 

2009 

1260 FGU 2005/001 
Testeinsatz der Methodik "Indirekte Vorauserkundung von wasserführenden 
Zonen mittels Temperaturdaten anhand der messdaten des Lötschberg-
Basistunnels 

2009 

1259 VSS 2004/710 
Massnahmenplanung im Erhaltungsmanagement von Fahrbahnen - Synthe-
sebericht 

2008 

1258 VSS 2005/802 Kaphaltestellen Anforderungen und Auswirkungen 2009 

1257 SVI 2004/057 
Wie Strassenraumbilder den Verkehr beeinflussen Der Durchfahrtswiderstand 
als Arbeitsintrument bei der städtebaulichen Gestaltung von Strassenräumen 

2009 

1256 VSS 2006/903 
Qualitätsanforderungen an die digitale Videobild-Bearbeitung zur Verkehrs-
überwachung 

2009 

1255 VSS 2006/901 
Neue Methoden zur Erkennung und Durchsetzung der zulässigen Höchstge-
schwindigkeit 

2009 

1254 VSS 2006/502 
Drains verticaux préfabriqués thermiques pour la consolidation in-situ des 
sols 

2009 

1253 VSS 2001/203 
Rétention des polluants des eaux de chausées  selon le système "infilitrations 
sur les talus". Vérification in situ et optimisation 

2009 

1252 SVI 2003/001 Nettoverkehr von verkehrsintensiven Einrichtungen (VE) 2009 

1251 
ASTRA 

2002/405 
Incidence des granulats arrondis ou partiellement arrondis sur les propriétés 
d'ahérence des bétons bitumineux 

2008 

1250 VSS 2005/202 Strassenabwasser Filterschacht 2007 
1249 FGU 2003/004 Einflussfaktoren auf den Brandwiderstand von Betonkonstruktionen 2009 
1248 VSS 2000/433 Dynamische Eindringtiefe zur Beurteilung von Gussasphalt 2008 

1247 VSS 2000/348 
Anforderungen an die strassenseitige Ausrüstung bei der Umwidmung von 
Standstreifen 

2009 

1246 VSS 2004/713 
Massnahmenplanung im Erhaltungsmanagement von Fahrbahnen: Bedeu-
tung Oberflächenzustand und Tragfähigkeit sowie gegenseitige Beziehung für 
Gebrauchs- und Substanzwert 

2009 

1245 VSS 2004/701 
Verfahren zur Bestimmung des Erhaltungsbedarfs in kommunalen Strassen-
netzen 

2009 

1244 VSS 2004/714 
Massnahmenplanung im Erhaltungsmanagement von Fahrbahnen -  Ge-
samtnutzen und Nutzen-Kosten-Verhältnis von standardisierten Erhaltungs-
massnahmen 

2008 

1243 VSS 2000/463 Kosten des betrieblichen Unterhalts von Strassenanlagen 2008 
1242 VSS 2005/451 Recycling von Ausbauasphalt in Heissmischgut 2007 

1241 
ASTRA 

2001/052 
Erhöhung der Aussagekraft des LCPC  Spurbildungstests 2009 

1240 
ASTRA 

2002/010 
L'acceptabilité du péage de congestion: Résultats et analyse de l'enquête en 
Suisse 

2009 

1239 VSS 2000/450 Bemessungsgrundlagen für das Bewehren mit  Geokunststofffen 2009 

1238 VSS 2005/303 
Verkehrssicherheit an Tagesbaustellen und bei Anschlüssen im Baustellenbe-
reich von Hochleistungsstrassen 

2008 

1237 VSS 2007/903 Grundlagen für eCall in der Schweiz 2009 
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1236 
ASTRA 

2008/008_07 
Analytische Gegenüberstellung der Strategie- und Tätigkeitsschwerpunkte 
ASTRA-AIPCR 

2008 

1235 VSS 2004/711 
Forschungspaket Massnahmenplanung im EM von Fahrbahnen - Standardi-
sierte Erhaltungsmassnahmen 

2008 

1234 VSS 2006/504 Expérimentation in situ du nouveau drainomètre européen 2008 

1233 
ASTRA 

2000/420 
Unterhalt 2000 Forschungsprojekt FP2 
Dauerhafte Komponenten bitumenhaltiger Belagsschichten 

2009 

651 
AGB 

2006/006_OBF 
Instandsetzung und Monitoring von AAR-geschädigten Stützmauern und 
Brücken 

2013 

650 AGB 2005/010 Korrosionsbeständigkeit von nichtrostenden Betonstählen 2012 
649 AGB 2008/012 Anforderungen an den Karbonatisierungswiderstand von Betonen 2012 

648 
AGB 2005/023 

+  
AGB 2006/003 

Validierung der AAR-Prüfungen für Neubau und Instandsetzung 2011 

647 AGB 2004/010 
Quality Control and Monitoring of electrically isolated post- tensioning tendons 
in bridges 

2011 

646 AGB 2005/018 Interactin sol-structure: ponts à culées intégrales 2010 

645 AGB 2005/021 Grundlagen für die Verwendung von Recyclingbeton aus Betongranulat 2010 

644 AGB 2005/004 
Hochleistungsfähiger Faserfeinkornbeton zur Effizienzsteigerung bei der 
Erhaltung von Kunstbauten aus Stahlbeton 

2010 

643 AGB 2005/014 
Akustische Überwachung einer stark geschädigten Spannbetonbrücke und 
Zustandserfassung beim Abbruch 

2010 

642 AGB 2002/006 Verbund von Spanngliedern 2009 

641 AGB 2007/007 
Empfehlungen zur Qualitätskontrolle von Beton mit Luftpermeabilitätsmes-
sungen 

2009 

640 AGB 2003/011 Nouvelle méthode de vérification des ponts mixtes à âme pleine 2010 

639 AGB 2008/003 
RiskNow-Falling Rocks Excel-basiertes Werkzeug zur Risikoermittlung bei 
Steinschlagschutzgalerien 

2010 

638 AGB2003/003 
Ursachen der Rissbildung in Stahlbetonbauwerken aus Hochleistungsbeton 
und neue Wege zu deren Vermeidung 

2008 

637 AGB 2005/009 Détermination de la présence de chlorures à l'aide du Géoradar 2009 

636 AGB 2002/028 Dimensionnement et vérification des dalles de roulement de ponts routiers 2009 

635 AGB 2004/002 
Applicabilité de l'enrobé drainant sur les ouvrages d'art du réseau des routes 
nationales 

2008 

634 AGB 2002/007 Untersuchungen zur Potenzialfeldmessung an Stahlbetonbauten 2008 
633 AGB 2002/014 Oberflächenschutzsysteme für Betontragwerke 2008 

632 AGB 2008/201 
Sicherheit des Verkehrssystem Strasse und dessen Kunstbauten 
Testregion - Methoden zur Risikobeurteilung Schlussbericht 

2010 

631 AGB 2000/555 
Applications structurales du Béton Fibré à Ultra-hautes Performances aux 
ponts 

2008 

630 AGB 2002/016 
Korrosionsinhibitoren für die Instandsetzung chloridverseuchter Stahlbeton-
bauten 

2010 

629 
AGB 2003/001 

+  
AGB 2005/019 

Integrale Brücken - Sachstandsberichts 2008 

628 AGB 2005/026 
Massnahmen gegen chlorid-induzierte Korrosion und zur Erhöhung der Dau-
erhaftigkeit 

2008 

627 AGB 2002/002 
Eigenschaften von normalbreiten und überbreiten Fahrbahnübergängen aus 
Polymerbitumen nach starker Verkehrsbelastung 

2008 

626 AGB 2005/110 
Sicherheit des Verkehrssystems Strasse und dessen Kunstbauten: Baustel-
lensicherheit bei Kunstbauten 

2009 
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625 AGB 2005/109 
Sicherheit des Verkehrssystems Strasse und dessen Kunstbauten: Effektivität 
und Effizienz von Massnahmen bei Kunstbauten 

2009 

624 AGB 2005/108 
Sicherheit des Verkehrssystems / Strasse und dessen Kunstbauten / Risiko-
beurteilung für Kunstbauten 

2010 

623 AGB 2005/107 
Sicherheit des Verkehrssystems Strasse und dessen Kunstbauten: Tragsi-
cherheit der bestehenden Kunstbauten 

2009 

622 AGB 2005/106 Rechtliche Aspekte eines risiko- und effizienzbasierten Sicherheitskonzepts 2009 

621 AGB 2005/105 
Sicherheit des Verkehrssystems Strasse und dessen Kunstbauten 
Szenarien der Gefahrenentwicklung 

2009 

620 AGB 2005/104 
Sicherheit des Verkehrssystems Strasse und dessen Kunstbauten: Effektivität 
und Effizienz von Massnahmen 

2009 

619 AGB 2005/103 
Sicherheit des Verkehrssystems / Strasse und dessen Kunstbauten / Ermitt-
lung des Netzrisikos 

2010 

618 AGB 2005/102 
Sicherheit des Verkehrssystems Strasse und dessen Kunstbauten: Methodik 
zur vergleichenden Risikobeurteilung 

2009 

617 AGB 2005/100 
Sicherheit des Verkehrssystems Strasse und dessen Kunstbauten 
Synthesebericht 

2010 

616 AGB 2002/020 
Beurteilung von Risiken und Kriterien zur Festlegung akzeptierter Risiken in 
Folge aussergewöhnlicher Einwirkungen bei Kunstbauten 

2009 
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