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Abkürzungen und Begriffe 

 

BAFU: Bundesamt für Umwelt 

BAV: Bundesamt für Verkehr 

BGLE: Bundesgesetz über die Lärmsanierung der Eisenbahnen 

DALY: Disability Adjusted Life Year 

dB(A): Dezibel, A-bewertet 

Empa: Eidg. Materialprüfanstalt 

EPF: Ecole Polytechnique Fédérale 

ETH: Eidgenössisch Technische Hochschule 

Go-LEISE: Gleisoptimierung Lärm, Erschütterungen, Infrastruktur LCC, und Sicherheitseinflüsse. 

KM: Knowledge Management 

LCC: Life Cycle Costs (Lebenskosten) 

M: Maintainability (Unterhaltbarkeit) 
MTBF: Mean Time Between Failures 

MTBSAF: Mean Time Between Service Affecting Failures (, 

MTBSSF: Mean Time Between Safety System Failure  

MTTR: Mean Time To Repair 

RA: Reliability und Availability (Zuverlässigkeit und Verfügbarkeit) 

RAMS: Reliability, Availability, Maintainability, Safety 

RCF: Rolling Contact Fatigue. 

RIM Wheel/rail-impedance model 

S: Safety (Sicherheit) 

SBB: Schweizerische Bundesbahnen 

SMAA: Stochastic Multicriteria Acceptability Analysis Method 

TWINS: Track-Wheel Interaction Noise Software 

WHO: World Health Organisation 

YLD: Years Lost due to Disability 

YLL: Years of Life Lost  
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Liste der Grundlagen 

 

 Müller-BBM, dBVision, M+P, DO: Go-Leise Final Report  

 Müller-BBM, dBVision, M+P, D1: Go-Leise, Noise and Vibrations 

 Müller-BBM, dBVision, M+P, D2a: Go-Leise, Model and tools for RAMS, LCC of noise and vibra-

tion optimized track 

 Müller-BBM, dBVision, M+P, D2b/3b: Go-Leise Optimisation strategy 

 Müller-BBM, dBVision, M+P, D3a: Go-Leise Network inventory and regulations 

 Müller-BBM, dBVision, M+P, D3c: Document and data management system 

 Müller-BBM, dBVision, M+P, Minutes of the Go-Leise workshop on June 1, 2016 in Bern 

 SBB: J. Oertli und M. Hafner, Go-Leise, ein Projekt der SBB zur Optimierung der Fahrbahn be-

züglich Lärm, Erschütterungen und Asset Management, Publikation im Tagungsband Bahnakustik 

2016: Infrastruktur, Fahrzeuge, Betrieb von Müller-BBM 

 Interviews mit: Fabien Letourneaxu (Systra, F), Chris Jones (Consultant, formerly ISVR, GB), Ge-

naro Sica (HS2, GB), Rüdiger Garburg (DB, D), Mathias Stangl (DB Systemtechnik, answers from 

DB Umwelt, D), Eduard Verhelst (Infrabel, B), Jens Nielsen (Chalmers, S), Jean-Marc Wunderli 

(EMPA, CH), Michael Dittrich (TNO, NL), Benjamin Betgen (Vibratech, F), Robert Attinger (BAV, 

CH), Barnaby Temple (Rhomberg, GB) 

 Zusätzlich dienten knapp 100 Dokumente aus der Literatur als Basis für die Grundlagenberichte.  
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Management Summary 
 

Hintergrund und Ziel: Nachdem in der Schweiz umfangreiche Lärmschutzwände gebaut, zahlreiche 

Schallschutzfenster installiert und sämtliches gusseisenklotzgebremstes Rollmaterial mit Verbund-

stoffsohlen umgerüstet wurden, sind Lärmschutzmassnahmen an der Fahrbahn der nächste Schritt. 

Da Massnahmen zur Lärmminderung, zum Schutz gegen Erschütterungen und zur Minimierung der 

LCCs beim Asset Management gegenläufige Absichten im Fokus haben können, ist es notwendig, 

das System als Ganzes zu optimieren.  
 

Projekt in mehreren Phasen: Das Projekt Go-Leise1 der SBB verfolgt dieses Ziel in mehreren Pha-

sen. Die erste davon zeigte einen Überblick des Themas, deckte Wissenslücken sowie Möglichkeiten 

auf, diese zu schliessen. Zudem wurde eine Optimierungsmethodik vorgeschlagen, bei der die Ele-

mente Lärm, Erschütterungen und Asset Management gleichzeitig betrachtet werden können. In wei-

teren Phasen sollen konkrete Versuche durchgeführt werden, um die Wissenslücken zu schliessen. 

Ab ca. 2020 sollten weitere Massnahmen und Methoden bereit stehen, um im Rahmen des revidier-

ten Bundesgesetzes zur Lärmsanierung der Eisenbahnen (BGLE) umgesetzt zu werden. 
 

Vorgehen Phase 1: Mit einer Literaturrecherche, Interviews mit Experten und einem Workshop wur-

den die relevanten Grundlagen und Wissenslücken zu Lärm, Erschütterungen und Asset Manage-

ment erarbeitet. In einer Sharepoint Datenbank waren diese Grundlagen allen Projektmitgliedern zu-

gänglich. Zusätzlich wurden zwei unterschiedliche Arten der Gesamtoptimierung, Kosten-Nutzen Ana-

lyse und Multi-Criteria Analysis, geprüft. Mit letzterer wurden verschiedene Änderungen an der Infra-

struktur (z.B. mehr Schleifen, Wechsel von harten zu weichen Schienenzwischenlagen) auf deren 

Auswirkungen betreffend Lärm, Erschütterungen und Asset Management untersucht.  
 

Wissenslücken und Vorschläge für weitere Arbeiten: Es wurden mehr als 70 Wissenslücken iden-

tifiziert. Sechzehn davon wurden als besonders wichtig taxiert. Diese sind: 1) Entstehung und Wachs-

tum der Schienenrauheit, 2) Monitoring Schienenrauheit, 3) Gründe für die Zunahme des Lärms bei 

Schwellenbesohlung, 4) Bestimmung der relevanten Parameter bei Schienenzwischenlagen, Verbes-

serung 5) der Schienenzwischenlage, 6) der Befestigung, 7) der Schwelle, 8) Bestimmung der Effekte 

des Alterns, 9) Erhebung besserer Kostendaten im Asset Management, 10) Bestimmung optimaler 

Ersatzzeitpunkt für Gleiskomponenten, 11) Richtlinie Design of Experiments und Statistik, 12) Funkti-

on für Beschreibung der Leistung des Gleises, 13) Bestimmung von Testabschnitten, 14) zufällige 

und nicht diskrete Anordnung von Gleiskomponenten 15) Einfluss von Reibungsmodifikatoren auf 

Wachstum Schienenrauheit und 16) Aufbau eines Wissensmanagements. 
 

Fazit: Die Bedeutung einer Gesamtoptimierung wurde bestätigt. Als Voraussetzung müssen eine 

Reihe von Wissenslücken geschlossen werden. Diese beinhalten nicht nur technische, sondern auch 

andere Themen wie Statistik oder Wissensmanagement. Gelder aus der Ressortforschung gemäss 

BGLE sind eine mögliche und wichtige Finanzierungsquelle. Eine Koordination der Arbeiten der ver-

schiedenen Beteiligten (Bund, SBB, Empa, andere Forschungsinstitute) ist notwendig. 

                                                
1
 Gesamtoptimierung, Lärm-, Erschütterungs-, Infrastruktur- und Sicherheitseinflüsse, Finanziert aus Mitteln der 

Ressortforschung gemäss BGLE, verwaltet durch das BAFU. 
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I. Projektrahmen 
 

1. Einleitung 

 

Hintergrund Lärm: Zwischen 2000 und 2015 wurden in der Schweiz mehr als 300 km Lärmschutz-

wände entlang der Eisenbahn erstellt, zahlreiche Schallschutzfenster eingebaut und sämtliches grau-

gusssohlengebremstes Rollmaterial mit Verbundstoffsohlen umgerüstet. Die ersten beiden Mass-

nahmen haben rund zwei Drittel der Anwohner mit Grenzwertüberschreitungen geschützt. Mit einem 

revidierten Bundesgesetz zur Lärmsanierung der Eisenbahnen (BGLE2) beschlossen Bundesrat und 

Parlament, weitergehende Lärmsanierungsmassnahmen entlang der Bahn zu finanzieren. Neben 

einem Verbot von lauten Güterwagen ab 2020 sollen auch Massnahmen an der Infrastruktur finan-

ziert werden. Hierzu gehören akustisches Schienenschleifen, die Dämpfung des Gleises, die Schlies-

sung von Lärmschutzwandlücken, die Lärmsanierung von Stahlbrücken sowie Massnahmen zur För-

derung von besonders leisem Güterwagenrollmaterial. Ebenso wurden finanzielle Mittel zur Ressort-

forschung bereitgestellt. Das Projekt Go-Leise wird mit diesen Forschungsmitteln finanziert. 

 

Neuer Fokus im Lärmschutz auf Fahrbahn: Im Gegensatz zur bisherigen Lärmsanierungsstrategie, 

wird in Zukunft der Fokus vermehrt auf das Gleis gelegt. Dies ist nicht nur in der Schweiz der Fall, 

auch die EU Kommission3, sowie einzelne Infrastrukturbetreiber, wie Infrabel, Prorail oder DB Netze, 

achten vermehrt auf den Lärm, welcher durch das Gleis emittiert wird.  

 

Interaktion vieler Elemente: Lärmschutzmassnahmen am Gleis greifen i.d.R. tief in das dynamisch 

und komplexe System der Fahrbahn ein und können im Unterschied zu Lärmschutzwänden nicht iso-

liert betrachtet werden. Jede Komponente beeinflusst das Schwingungsverhalten der anderen. Zu-

dem widersprechen sich die Zielsetzungen betreffend Lärmschutz, Erschütterungsschutz und der 

Minimierung der LCCs oft. Es ist deshalb notwendig, das System als Ganzes zu optimieren. Gleich-

zeitig müssen die gesetzlichen Vorgaben sowie Rahmenbedingungen betreffend Sicherheit eingehal-

ten werden.  

 

Ziel von Go-Leise: Das Projekt Go-Leise der SBB verfolgt dieses Ziel der Gesamtoptimierung in 

mehreren Phasen. Die erste davon zeigt einen Überblick des Themas, deckt Wissenslücken auf und 

schlägt eine Optimierungsmethodik vor, sowie Möglichkeiten, diese Wissenslücken zu schliessen. 

Dieser Bericht fasst die Resultate der ersten Phase zusammen. In der Phase 2 sollen dann die not-

wendigen Versuche durchgeführt werden, um die Wissenslücken zu schliessen sowie um neue, inno-

vative Vorschläge zu testen. In Phase 3 werden die LCC, der Lärm und die Erschütterungen unab-

hängig von lokalen Bedingungen berechnet und schliesslich werden in Phase 4 die Massnahmen – 

unter Umständen in Abhängigkeit von lokalen Bedingungen – umgesetzt. Das Projekt beschränkt sich 

vorerst auf die gerade Strecke und berücksichtigt spezielle Elemente wie Weichen oder Isolierstösse 

                                                
2
 Bundesgesetz über die Lärmsanierung der Eisenbahnen, (BGLE), vom 24. März 2000 (Stand am 1. März 

2014) 
3
 SWD (2015) 300 final, Commission Staff Working Document, Rail Freight Noise Reduction, 15552/15, 22 De-

cember 2015 
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nicht. Dies soll ermöglichen, das Vorgehen in einem „einfacheren“ Fall zu prüfen. Stellt sich das Vor-

gehen als erfolgreich heraus, dann werden Kurven, Weichen oder Isolierstösse in einem weiteren 

analog aufgebautem Projekt behandelt.  

 

Die folgende Graphik (Abbildung 1) zeigt das Ineinandergreifen der verschiedenen Phasen von Go-

Leise. 

 
Abbildung 1: Phasen von Go-Leise 

 

Projektorganisation und Finanzierung: Das Projekt Go-Leise wird von der SBB Infrastruktur gelei-

tet. Die Finanzierung erfolgt durch die oben erwähnte Ressortforschung im Rahmen des revidierten 

BGLE (Bundesgesetz zur Lärmsanierung der Eisenbahnen), welche vom Bundesamt für Umwelt 

(BAFU) verwaltet wird. Auftragnehmer im Projekt für die Phase 1 war ein Konsortium unter der Lei-

tung von Müller-BBM (Deutschland) in Zusammenarbeit mit dBVision und M+P (beide Niederlande).  
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Vorstellung und Veröffentlichung: Die erste Phase von Go-Leise wurde auch an der Bahnakustik 

Tagung von Müller BBM vom 7. und 8. November 20164 vorgestellt und ein Paper ist im Tagungs-

band erschienen.5 

 

 

2. Optimierungselemente und Projektumfang 

 

Optimierungselemente: Die Anforderungen an die drei zu optimierenden Elemente (Lärm, Erschüt-

terungen, Asset Management) sind stark unterschiedlich und zudem frequenzabhängig. Die Elemente 

sind nachfolgend zusammengefasst. Die Grundlagen sind in den Kapiteln 4 und 5 detaillierter aufge-

führt.  

 

 Lärm: Um den Lärm zu reduzieren müssen Frequenzen im Bereich von 63 Hz bis 8 kHz gedämpft 

werden. In der Schweiz sind zudem die Anforderungen der Lärmschutzverordnung (LSV)6 sowie 

das Bundesgesetz zur Lärmsanierung der Eisenbahnen (BGLE) zu erfüllen. Es sind bereits Mas-

snahmen am Rollmaterial (Umrüstung der Güterwagenflotte von Graugusssohlen zu Verbund-

stoffsohlen, Verbot von lauten Güterwagen ab 2020) umgesetzt, sowie zahlreiche Lärmschutz-

wände gebaut wie auch Schallschutzfenster installiert worden. Als Konsequenz dieser Massnah-

men haben von ursprünglich 260‘000 noch rund 100‘000 Personen entlang der Bahn Grenzwert-

überschreitungen7. Ziel der Bundesbehörden ist es, möglichst viele von diesen verbleibenden 

Personen unter die Grenzwerte zu bringen. Dabei sollen Kriterien der Wirtschaftlichkeit berück-

sichtigt werden.  

 

 Erschütterungen: Um Erschütterungen zu vermindern, müssen Frequenzen zwischen 4 Hz und 

250 Hz gedämpft werden. In der Schweiz besteht noch keine rechtskräftige Erschütterungs-

schutzgesetzgebung, die SBB sind jedoch von den Bundesbehörden angehalten, die Erschütte-

rungen zu minimieren. Zur Zeit sind etwa 30‘000 Personen von übermässigen Erschütterungen 

betroffen.  

 

 Asset Management: Der Erhalt der Infrastruktur sowie die Minimierung der Unterhaltskosten ge-

hören zu den Hauptanliegen der SBB. In der Regel müssen hier, ähnlich zu den Erschütterungen, 

tiefe Frequenzen gedämpft werden. Asset Management wird mit den Kriterien RAMS (Reliability, 

Availability, Maintainability, Safety) und LCC (Life Cycle Costs) beurteilt.  

 

                                                
4
 Go-Leise, ein Projekt der SBB zur Gesamtoptimierung der Fahrbahn bezüglich Lärm, Erschütterungen und 

Asset Management, Jakob Oertli und Michael Hafner, SBB AG 
5
 Müller-BBM, Lehrstuhl für Baumechanik, VDB Verband der Bahnindustrie, DB Systemtechnik: Bahnakustik: 

Infrastruktur, Fahrzeuge, Betrieb, Fachtagung 2016. 
6
 Lärmschutz-Verordnung (LSV), vom 15. Dezember 1986 (Stand am 1. Januar 2016) 

7 Schweizerische Eidgenossenschaft, Bundesamt für Verkehr, Lärmsanierung der 
Eisenbahnen, Standbericht 2015 
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Umfang der Untersuchungen: Es wurde das Rollgeräusch beziehungsweise Erschütterungen auf 

geraden Strecken untersucht, das heisst spezielle Aspekte von Weichen oder Kurvengeräusche wur-

den nicht behandelt. Die Elemente der Fahrbahn welche Lärm und Erschütterungen beeinflussen 

sind: Die Schiene (Rauheit, Steifigkeit, Masse, Dämpfung), Befestigung, Schienenzwischenlage (Stei-

figkeit, Dämpfung), Schwelle, Schwellenbesohlung, Schotter, Unterschottermatten. Die feste Fahr-

bahn wurde nicht untersucht, da sie in der Schweiz fast ausschliesslich in Tunnels vorkommt, wo kei-

ne Lärmprobleme auftauchen und deshalb eine Gesamtoptimierung von allen drei Aspekten nicht 

notwendig ist.  

 

 

3. Vorgehen 

 

Grundlagenbericht: 

SBB: J. Oertli und M. Hafner, Go-Leise, ein Projekt der SBB zur Optimierung der Fahrbahn bezüglich 

Lärm, Erschütterungen und Asset Management, Publikation im Tagungsband Bahnakustik 2016: Inf-

rastruktur, Fahrzeuge, Betrieb von Müller-BBM 

 

 

Das Thema wurde wie folgt angegangen: 

 

1) Bestimmung Stand des Wissens, Eruieren von Wissenslücken und Entwicklung von innovativen 

neuen Ideen: Dieses Ziel wurde mit einer umfassenden Literaturrecherche, telefonischen Interviews 

mit Experten sowie einem Workshop mit internationalen Fachleuten angegangen.  

 

2) Priorisierung der Wissenslücken und Vorschläge für weitere Untersuchungen: Als Unterstützung 

hierfür wurde ein Fragebogen ausgewertet sowie die einzelnen Themen in einem Gremium von 

Fachexperten diskutiert. 

 

3) Vorschläge für Optimierungsmethodik: Zwei übliche Verfahren der Optimierung (Kosten-Nutzen 

Analysen und Multi-Criteria Analysis) wurden auf die Problemstellung adaptiert. 

 

4) Vorschlag für weiteres Vorgehen: Darauf aufbauend wurden Vorschläge für das weitere Vorgehen 

(z.B. Versuche, Datenerhebungen) formuliert. Diese bilden die Basis für Finanzierungsanträge der 

Phase 2.  

 
  



 
 
 

Seite 10/27 

 
 

Schlussbericht Erprobung Schienendämpfer; Jakob Oertli 

II. Resultate Go-Leise Phase 1 
 

4. Lärm- und Erschütterungsgrundlagen 

 

Grundlagenberichte: 

Müller-BBM, dBVision, M+P: D1: Noise and Vibrations 

 

 

Grundlagenerarbeitung als wichtige Voraussetzung: Für die Gesamtoptimierung ist es notwendig 

die technischen Aspekte betreffend Lärm- und Erschütterungen zusammenzustellen. Diese sind im 

Grundlagenbericht D1 (eingangs Kapitel referenziert) detailliert aufgeführt. Es ist wichtig zu verste-

hen, dass die durch das Zusammenwirken von Rad- und Schienenoberfläche induzierten Schwingun-

gen durch die jeweiligen Systemkomponenten des Gleises unterschiedlich aufgenommen und weiter-

geleitet werden. Die Schwingungseigenschaften (u.a. dynamischen Steifigkeiten und die Eigenmo-

den) der Komponenten sind für die Frequenzbereiche verantwortlich, bei denen Energien aufgenom-

men oder durchgeleitet werden. Dies bedeutet, dass einerseits durch die Veränderung der Frequen-

zen andere Systembestandteile die Gesamtschwingung unterschiedlich beeinflussen und anderer-

seits werden durch die Veränderung der Komponenten andere Frequenzen für die Schall- oder Er-

schütterungsemission dominant. Ein einfaches Beispiel für diese Zusammenhänge zeigen elastische 

Schienenlagerungen. Auf Stahlbrücken dienen diese dazu, möglichst wenig Energie in die Brücken-

konstruktion zu leiten, welche diese als laute Lärmemission abgeben würde. Auf einer Schotterfahr-

bahn hingegen, ist es gerade erwünscht, dass die Energie von der Schiene in den schlecht abstrah-

lenden Schotter weitergeleitet wird, weshalb weiche Schienenzwischenlagen i.d.R. zu einer Lärmzu-

nahme führen. 

 

Relevante Frequenzbereiche: Die kritischen Frequenzbereiche unterscheiden sich für Erschütterun-

gen (4 – 63 Hz), Körperschall (16 – 250 Hz) und Luftschall (63 Hz – 8000 Hz) (vgl. Abbildung 4.1) 

 

 
 

Abbildung 4.1: Relevante Frequenzbereiche für Erschütterungen (Vibrations), Körperschall (Reradiated sound) 

und Luftschall (Airborne noise). 

 

Grundsätzliches Modell für die Behandlung von Lärm und Erschütterungen: Ein Model um die 

Schwingungsmechanismen von Eisenbahnlärm und Erschütterungen ist in Abbildung 4.2 und etwas 

ausführlicher in Abbildung 4.3 aufgeführt.  
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Abbildung 4.2: Diagramm von Rad-Schiene Impedanzmodellen. Bogie (Drehgestell), Wagon (Wagen), Wheel 

(Rad), Wheel/rail irregularities parametric excitation (Rad/Schiene Unregelmässigkeiten, parametrische 

Anregung).   

 

 
 

Abbildung 4.3: Mechanismen der Lärm- und Erschütterungserzeugung eines fahrenden Zuges.  
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Relevante Paramter für die Erzeugung von Lärm und Erschütterungen: Diese Parameter sind in 

Tabelle 4.1 aufgeführt. Im Go-Leise Projekt Phase 1 wurde eine umfangreiche Literaturrecherche 

durchgeführt, um den Effekt auf Lärm und Erschütterungen aller Parameter zu untersuchen.  

 

Element Parameter 1 Parameter 2 Parameter 3 

Schiene Rauheit 
Type (Querschnitt)  
-> Masse, Steifigkeit 

 

Schienenzwischenlage Steifigkeit Dämpfung  

Schwelle Material (Dämpfung) 
Typ (Querschnitt)  
-> Masse, Steifigkeit 

Distanz 

Boden Steifigkeit Dämpfung  

Schotter Steifigkeit Dämpfung Absorption 

Befestigung Rotationssteifigkeit Rotationsdämpfung Preload 

Schwellenbesohlung Steifigkeit Dämpfung  

Unterschottermatte Steifigkeit Dämpfung  

Schienenschleifen Rauheit   

Schäden Korrugation Lose Schwellen  

 

Tabelle 4.1: Relevante Parameter bei der Erzeugung von Lärm und Erschütterungen und die physikalischen 

Parameter, welche sie beschreiben. 

 

Wissenslücken bei den akustischen Grundlagen: Alle obigen Parameter wurden systematisch 

nach Wissenslücken untersucht. Einige Beispiele solcher Wissenslücken sind nachfolgend aufgeführt: 

 Schienenrauheit: Auswirkungen von Schleifspuren; Grund für Wachstum der Schienenrauheit; 

Variabilität der Schienenrauheit längs und quer auf dem Schienenkopf; optimale Schleifstrategie. 

 Schienenprofil: Effekte auf Lärm. 

 Schienenzwischenlage: Einfluss auf Wachstum Schienenrauheit; Effekt des Alterns auf Steifigkeit 

 Schwelle: Koppelung der Moden der Schwingung der Schwelle mit den Schwingungen der Schie-

ne; Einfluss des Materials der Schwelle; Weitere Schwelleneigenschaften, welche wichtig für 

Lärm und Erschütterungen sind.  

 Schotter: Einfluss der Schotterqualität auf Lärm und Erschütterungen. 

 Schienenbefestigung: Einfluss der Dimensionierung auf den Lärm. 

 Schwellenbesohlung: Mechanismen der Lärmzunahme bei der Verwendung gewisser Typen von 

Schwellenbesohlung.  

 Boden: Einfluss von Bodeneigenschaften auf Erschütterungen; Methode für die Bestimmung der 

relevanten Bodenparameter; Möglichkeiten den Boden zu verbessern. 
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Massnahmen zur Reduktion von Lärm und Erschütterungen: Ebenfalls wurde eine ganze Reihe 

von Lärmminderungsmassnahmen nach Wissenslücken untersucht. Beispiele solcher Wissenslücken 

sind.  

 

 Akustisches Schienenschleifen: Die Effektivität von akustischem Schienenschleifen unter Schwei-

zer Verhältnissen. 

 Neue Schienenzwischenlagen: Entwicklung einer Schienenzwischenlage, welche frequenzabhän-

gig dämpft. Ideal wäre eine tiefe Dämpfung bei tiefen Frequenzen und eine hohe Dämpfung bei 

hohen Frequenzen.  

 Schienendämpfer: Schienendämpfer sind zur Zeit kein Thema für die Eisenbahnnetze der 

Schweiz wegen mangelnder Wirkung und infrastrukturseitigen Problemen. Eine Wissenslücke sei 

trotzdem erwähnt: Unklar ist der Effekt von Schienendämpfern auf die Entwicklung der Schienen-

rauheit.  

 

Widersprüchliche Untersuchungen: Die Wissenslücken sind nicht nur eine Folge mangelnder spe-

zifischer Untersuchungen, sondern stammen auch von Themen, zu denen zwar Untersuchungen 

durchgeführt wurden, diese sich aber widersprechen. Ein wichtiger Grund für die Widersprüche liegt 

in der hohen Variabilität, welche bei Versuchen im Oberbau zu beobachten ist. Weil Versuche im 

Gleis teuer sind, wurden oft nicht genügend Wiederholungen für valide Aussagen durchgeführt. Es ist 

deshalb notwendig, das Versuchsdesign zu verbessern. 

 

Eisenbahnlärmmodelle: Es bestehen eine Reihe von Software-Tools um Eisenbahnlärm zu model-

lieren. Hierzu gehören TWINS (Track-Wheel Interaction Noise Software), RIM (Wheel / rail - impe-

dance model), sonRAIL, Schall03 und einige Time-domain Modelle (mit Spezialfall „Greensche Funk-

tionen“). Diese sind in Tabelle 4.2 zusammengefasst.  
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Modell Gleisdynamik 
Schätzung 
Lärm 

Schätzung Er-
schütterungen 

Optionen für 
Massnahmen 

Optionen für 
neue Designs 

Berechnungs-
zeit  

TWINS linear ja ja alle ja moderat 

RIM linear ja ja alle ja moderat 

sonRAIL nein ja  nein 
Basiert auf 
empirischen 
Messungen 

nein tief 

Schall03 nein ja nein 

Limitierte Opti-
onen basie-
rend auf empi-
rischen Mes-
sungen 

nein tief 

Zeitdomäne alle ja ja alle ja hoch 

„Greensche 
Funktionen“ 
(Zeitdomäne) 

Auswahl ja ja Auswahl ja moderat 

 

Tabelle 4.2: Auswahl von Modellen zur Berechnung von Eisenbahnlärm und Gleisdynamik.  

 

Fazit: Obwohl umfangreiche wissenschaftliche Grundlagen zu Lärm und Erschütterungen existieren, 

bestehen dennoch eine Reihe von Wissenslücken, sowohl bei den Grundlagen wie auch bei den 

Massnahmen. Dies liegt nicht nur am Mangel von spezifischen Untersuchungen, sondern auch daran, 

dass zwar Untersuchungen vorgenommen wurden, diese sich jedoch widersprechen. Die Wissenslü-

cken mit der höchsten Priorität sind im Kapitel 8 zusammengefasst.  

 

 

5. Grundlagen zum Asset Management 

 

Grundlagenbericht: 

Müller-BBM, dBVision, M+P, D2a: Go-Leise, Model and tools for RAMS, LCC of noise and vibration 

optimized track 

 

 

Gesamtoptimierung benötigt Grundlagen Asset Management (RAMS): Um eine Optimierung von 

Lärm, Erschütterungen und Asset Management durchzuführen, ist es notwendig letzteres anhand von 

einigen Parametern zu beschreiben. Diese sind nachfolgend kurz zusammengefasst. Häufig wird dies 

als RAMS (Reliability/Availability, Maintainability and Safety) bezeichnet.  

 

Reliability (Zuverlässigkeit): beschreibt die Wahrscheinlichkeit dass etwas seine Funktion unter 

gegebenen Umständen in einer definierten Zeitspanne erfüllen kann. Reliability wird oft mit den Indi-
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katoren Mean Time Between Failures (MTBF, Durchschnittliche Zeit zwischen Ausfällen) oder Mean 

Time Between Service Affecting Failures (MTBSAF, Durchschnittliche Zeit zwischen Ausfällen, wel-

che den Betrieb beeinflussen) beschrieben.  

 

Availability (Verfügbarkeit): Availability ist definiert als die Fähigkeit eines Produktes seine Funktion 

unter gegebenen Umständen zu einem bestimmten Zeitpunkt zu erfüllen, sofern die externen Res-

sourcen zur Verfügung stehen. Availability wird häufig folgendermassen beschrieben: 

 

𝐴𝐼 =
𝑀𝑇𝐵𝐹

𝑀𝑇𝐵𝐹 +𝑀𝑇𝑇𝑅
 

 
MTBF: Mean Time Between Failures (Durchschnittliche Zeit zwischen Ausfällen) 

MTTR: Mean Time To Repair (Durchschnittliche Zeit für Reperaturen) 

 

Weitere Indikatoren sind Verspätungsminuten oder der Passenger Performance Measure (PPM). 

 

Maintainability (Instandhaltbarkeit): Maintainability wird definiert als die Wahrscheinlichkeit dass 

eine gegebene aktive Instandhaltungsarbeit für ein Produkt unter gegebenen Umständen zu einem 

bestimmten Zeitpunkt mit den gegebenen Methoden und Ressourcen durchgeführt werden kann. 

 

Safety (Sicherheit): Safety ist definiert als Zustand eines technischen Systems, bei welchem keine 

inakzeptablen Schadensrisiken auftreten. Ein möglicher Indikator für die Sicherheit ist die Mean Time 

Between Safety System Failure (MTBSSF). 

 

LCC Analysen (Life Cycle Costs): Die LCC Analysen sind eine Methode, um die vollständigen Kos-

ten eines Systems oder eines Produktes über dessen ganze Lebensdauer zu bestimmen. Für die 

Eisenbahninfrastruktur umfassen die LCC Themen wie Beschaffung, Betrieb, Unterhalt, Mangel an 

Verfügbarkeit, soziale Kosten oder Entsorgung.  

 

Veränderungen in der Infrastruktur können mit diesen Indikatoren beschrieben werden: Mit 

diesen Indikatoren können Veränderungen in der Infrastruktur beschrieben werden. Der Grad der 

Auswirkung kann mit einer Gewichtung oder Note beurteilt werden. Dies entspricht der Multi-Criteria 

Analysis, welche im Kapitel 6 dargestellt wird und bildet eine Grundlage für die dort beschriebene 

Optimierung. In Tabelle 5.1 ist ein Beispiel betreffend Änderungen an der Schiene aufgeführt. Weitere 

Beispiele sind im Grundlagenbericht D2a aufgeführt (eingangs Kapitel referenziert).  
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 Erwägung zu De-
sign  

RA M S LCC 

Schwereres 
Schienenprofil  

Hängt vom Ver-
kehrsaufkommen 
ab: Schwereres 
Schienenprofil für 
grössere Achslas-
ten oder höhere 
Verkehrsintensität  

MTBCF wird 
grösser [3+] 

Auf einer Linie 
mit verschie-
denen Profilen 
müssen Ma-
schinen ge-
wechselt wer-
den [1-] 

Weniger Er-
müdungser-
scheinungen 
[3+] 

 Höhere Investitions-
kosten [3-] 

 Höhere Lebensdauer 
und Verfügbarkeit falls 
Verkehr gleich bleibt 
[9+] 

Besserer Stahl 
/ Schienenkopf 
härter 

Weniger Gleisschä-
den, Wachstum 
Schienenrauheit 
geringer.  

Höhere Resis-
tenz gegen 
Stress: MTBF 
Wird grosser 
[9+] 

Schienen-
schweissen 
etwas schwie-
riger MTTM [1-
] 

Weniger Head 
Checks [9+] 

 Höhere Investitions-
kosten [9/3-] 

 Geringere Unterhalts-
kosten [3/9+] 

 

Häufigeres 
Schienen-
schleifen 

Zweck von Schie-
nenschleifen: 

 Weniger Rauheit 
aus akustischen 
Gründen 

 Korrugation ver-
meiden oder ent-
fernen 

 Verhinderung von 
RCF 

 Lebensdauere 
erhöht durch op-
timaler Rad-
Schiene Kontakt  

 MTBM 
nimmt ab [3-
] 

 MTB(C)F 
nimmt ab 
[9+] 

 Schleifreste 
können Sig-
nalstörun-
gen verur-
sachen. [3-] 

 
 

Kein Einfluss 
[0] 

 Headchecks 
vermeiden 
[9+] 

 Weniger 
Befesti-
tungsbrüche 
wegen ge-
ringerer 
Korrugation. 
[3/9+] 

Mehr Schleifen: 

 Höhere präventive 
Unterhaltskosten [3-] 

 Geringere kurative 
Unterhaltskosten [9+] 

 
Tabelle 5.1: Beispiel für Beurteilung von Veränderungen an der Infrastruktur mit Asset Management Parame-

tern. RA: Reliability und Availability, M: Maintainability, S: Sicherheit, LCC: Life Cycle Costs. RCF: Rolling 
Contact Fatigue. Benotung auf einer Skala 1, 3, 9, 27, +/- zeigen an, ob der Effekt positive oder negative ist.  

 

Wissenslücken bei den notwendigen Grundlagen für das Asset Management: Obwohl allgemein 

anerkannte Kennzahlen zur Beschreibung des Asset Management bestehen, sind die dazu notwendi-

gen Kostengrundlagen oft ungenügend. Ferner ist unklar, ob für die einzelnen Bestandteile des Ober-

baus optimale Materialien verwendet werden, wie die Komponenten miteinander interagieren und 

welches der optimale Zeitpunkt für den Ersatz von Bestandteilen ist. 

 

Fazit: Es existieren allgemein anerkannte Kennzahlen zur Beschreibung des Asset Management. Es 

bestehen jedoch Wissenslücken beispielsweise betreffend optimaler Materialwahl oder der Interaktion 

der Bestandteile der Fahrbahn. Auch ist die Kostenbasis teilweise ungenügend erhoben, um Kosten-

Nutzen Analysen durchzuführen.  
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6. Gesamtoptimierung 

 

Grundlagenberichte: 

• Müller-BBM, dBVision, M+P, D2b/3B: Go-Leise Optimisation strategy 

 

 

Zwei Methoden untersucht: Auf der Basis der Grundlagen in Lärm, Erschütterungen und Asset Ma-

nagement kann eine Gesamtoptimierung vorgenommen werden. Im Projekt Go-Leise wurden hierzu 

zwei unterschiedliche Methoden geprüft, die Kosten-Nutzen Analyse und die Multi-Criteria Analysis. 

Diese werden nachfolgend beschrieben, miteinander verglichen und danach Beispiele für die Multi-

Criteria Analysis aufgeführt. 

 

6.1 Kosten-Nutzen Analyse 

 

Monetarisierung notwendig: Mit der Kosten-Nutzen Analyse werden Alternativen ökonomisch ver-

glichen. Hierzu müssen gleiche Einheiten gegenübergestellt werden, d.h. der Nutzen muss monetari-

siert werden. Dies ist für Lärm- und Erschütterungschutzmassnahmen kompliziert, jedoch bestehen 

verschiedene Ansätze, welche im Projekt Go-Leise untersuchte wurden. Zwei Möglichkeiten werden 

hier als Beispiele aufgeführt: Der Ansatz der der VLE (Verordnung zur Lärmsanierung der Eisenbah-

nen8) und eine Monetarisierung mit DALY (Disability Adjusted Life Year).  

 

Ansatz gemäss VLE: Nach der VLE sind Investitionskosten dann wirtschaftlich tragbar, wenn fol-

gendes für den Preisstand Oktober 1998 gilt:  

 

Investitionskosten je ∑(∆dB(A) × Personen) < CHF 3000  

 

Der Preisstand von 1998 wurde gewählt, damit die Massnahmen mit früheren Projekten vergleichbar 

sind.  

 

DALY Ansatz: Ein weiterer Ansatz ist der DALY (Disability Adjusted Life Year). Dieser wird aus der 

Summe von YLL (Years of Life Lost) und YLD (Years Lost due to Disability) berechnet. Diese beiden 

Parameter basieren wiederum auf Untersuchungen der WHO (World Health Organisation), welche 

aufgrund einer Vielzahl von Forschungsresultaten ein Zusammenhang zwischen Lärmimmissionen 

und Gesundheit hergestellt hat9. Jedem DALY kann nun ein monetärer Wert zugeordnet werden, wel-

cher oft zwischen € 30‘000 und € 150‘000 liegt10. 

 

                                                
8
 Verordnung über die Lärmsanierung der Eisenbahnen, (VLE), vom 4. Dezember 2015 (Stand am 1. Januar 

2016) 
9
 Burden of disease from environmental noise – quantification of healthy years lost in Europe. World Health 

Organisation 2011, ISBN: 978 92 890 0229 5. 
10

 Environmental Noise: Valuing impacts on: sleep disturbance, annoyance, hypertension, productivity and qui-
et.UK Department for Environment, Food and Rural Affairs, November 2014 
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6. 2 Multi-Criteria Analysis 

 

Benotung von Kriterien: Mit der Multi-Criteria Analysis wird aus einer Reihe von vorgeschlagenen 

Optionen die beste bestimmt. Verglichen werden alle Kriterien, welche für die Entscheidung relevant 

sind. Die Kosten sind dabei nur ein möglicher Aspekt – es werden auch andere Kriterien oder Qualitä-

ten mitberücksichtigt. Die einzelnen Kriterien werden benotet und können anschliessend auch ge-

wichtet werden. Die Benotung wird von einem Expertengremium vorgenommen. Die Multi-Criteria 

Analysis kann zu einer SMAA (Stochastic Multicriteria Acceptability Analysis Method) erweitert wer-

den. Damit wird es möglich, Unsicherheiten in der Bewertung zu berücksichtigen. Dies ist insbeson-

dere dann empfehlenswert wenn grössere Variabilitäten vorhanden sind. (z.B. im Rahmen von netz-

weiten statistischen Betrachtungen). 

 

6.3 Vergleich von Kosten Nutzen Analyse mit Multi-Criteria Analysis  

 

Tabelle 6.3 vergleicht die Vor- und Nachteile der Kosten Nutzen Analyse und der Multi-Criteria Analy-

sis. 

 

 
 

Tabelle 6.3: Vergleich der Kosten-Nutzen Analyse mit der Multi-Criteria Analysis. 

 

Wegen mangelnden Daten, konnte im Rahmen der Phase 1 von Go-Leise keine Kosten-Nutzen Ana-

lyse durchgeführt werden. Die untersuchten Lärmschutz- und Erschütterungsschutzmassnahmen 

sowie Änderungen an der Infrastruktur wurden mit deshalb mit der Multi-Criteria Analysis durchge-

führt. Die Kriterien wurden mit Noten quantifiziert. Kapitel 6.4 beschreibt die konkrete Umsetzung. 

 

6.4 Konkrete Umsetzung 

 

Beispiele der Gesamtoptimierung mit der Multi-Criteria Analysis: Im Go-Leise Projekt wurden 

zahlreiche Änderungen an den Gleiskomponenten (z.B. Schienenprofil, Schwellentyp, Schottertiefe) 
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sowie Lärmsanierungsmassnahmen (z.B. akustisches Schienenschleifen, Schienendämpfer) und 

Erschütterungsschutzmassnahmen (z.B. Schwellenbesohlung, Unterschottermatten) nach den drei 

Kriterien Lärm, Erschütterungen und Asset Management untersucht. Schienenschleifen und die Stei-

figkeit von Schienenzwischenlagen sollen nachfolgend als Beispiele für die Gesamtoptimierung mit 

der Multi-Criteria Analysis dienen. Hierzu wurden die Kriterien RAMS (Reliability, Availability, Main-

tainability und Safety), LCC, Lärm und Erschütterung benotet. Für die Benotung wurde eine 3x Skalie-

rung verwendet, wobei der Wert 0 für keinen und 27 für einen bedeutenden Effekt steht. Positive be-

ziehungsweise negative Effekte wurden mit einem entsprechenden Vorzeichen versehen. Die Beno-

tung resultierte aus einer Summe von Expertenmeinungen.  

 

Beispiel Schienenschleifen: In Tabelle 6.4.1 ist die Benotung für Schienenschleifen zusammen mit 

einer Begründung aufgelistet. Dabei wurden unter anderem folgende Punkte in Erwägung gezogen: 

Tiefe akustische Rauheit führt zu weniger Lärm; Schleifen reduziert oder verhindert Verriffelung und 

den RCF (rolling contact fatigue); der optimale Rad-Schiene Kontakt erhöht die Lebensdauer von Rad 

und Schiene.  

 

 
 RA M S LCC Noise Ground vibrations 

 MTBM 
nimmt ab [3-] 
 

MTB(C)F 
Nimmt zu 
[9+] 
 
Schleifabfäl-
le können 
Signalstö-
rungen be-
wirken [3-] 

Kein Einfluss 
[0] 

Head 

Checks 
verhindern 
[9+] 
 

Weniger 

Verriffelung 

verhindert 

Befesti-

gungs-

brüche 
 [3/9+] 

Schleifen 
führt zu höheren Kos-
ten [3-] 
 
Weniger Head 
Checks, weniger 
Befestigungs-
probleme verringert 
Unterhalt [9+] 

Falls die Gesamtrau-
heit vermindert wird 
(d.h. mit Fahrzeugen 
mit glatten Rädern) 
wird der abgestrahlte 
Lärm vermindert. 
 

Schleifspuren können 

Lärm vorübergehend 

erhöhen [3-] 
 
Auf dem SBB Netz 
wird ein zusätzlicher 
Nutzen von 1 – 3 dB 
erwartet [9+] 
 
In Fällen von starker 
Korrugation [27+] 
 

Weniger Headchecks 
und geringere Rauheit 
können Erschütterun-
gen verringern [+] 

 

Tabelle 6.4.1: Multi-Criteria Analysis für Schienenschleifen. Werte in Klammern geben Benotung an. MTBM: 

Mean Time Between Maintenance, MTB(C)F: Mean Time Between (Critical) Failure, RA: Reliability and Availa-

bility, M: Maintainability, S: Safety, LCC: Life Cycle Costs 

 

Werden die einzelnen Kriterien nicht unterschiedlich gewichtet, ist vermehrtes Schienenschleifen loh-

nend sowohl für das Asset Management, für den Lärm- wie auch für den Erschütterungsschutz. Auch 

wenn die Benotung im Sinne einer Sensitivitätsanalyse leicht geändert wird, würde kein anderes Re-
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sultat entstehen. Dies bedeutet nicht, dass eine andere Massnahme, welche dazu führt, dass die 

Schienenrauheit gar nicht zunimmt, nicht optimaler sein könnte.  

 

Beispiel Steifigkeit Schienenzwischenlagen: Etwas anders sieht die Situation mit der Steifigkeit 

der Schienenzwischenlage aus (Tabelle 6.4.2). Bei den SBB werden in der Regel steife Schienenzwi-

schenlagen eingebaut. Die nachfolgende Bewertung beschreibt deshalb den Wechsel von steifen zu 

weichen Schienenzwischenlagen. Bei diesem Wechsel wurden folgende Kriterien berücksichtigt. 

Weiche Schienenzwischenlagen führen zu mehr Lärm aber (vermutlich) zu weniger Erschütterungen; 

Weiche Schienenzwischenlagen schonen den Oberbau; Weiche Schienenzwischenlagen führen zu 

erhöhter lateraler Beweglichkeit der Schienen.  

 
 RA M S LCC Lärm Erschütterungen 

 MTBF nimmt 
zu [3+] 

Kein Einfluss 
[0] 

Erhöhte 
laterale 
Beweglich-
keit der 
Schienen [3-] 

Reduktion von Schä-
den an Gleis-
komponenten [3+]  
 
Weiche Schienen-
zwischen-lagen haben 
eine kürzere Lebens-
dauer [3-] 

Zunahme des Lärms 

um 1 – 3 dB  
 [9-] 

Abnahme Erschütte-
rungen von 5-15 dB in 
limitiertem Frequenz-
bereich (60-200 Hz) 
[3+] 
 
Unterhalb der Fahr-
bahn-Fahrzeug Reso-
nanzfrequenz mehr 
Erschütterungen[1-] 
 

 

Tabelle 6.4.2: Multi-Criteria Analysis für die Änderung von harten zu weichen Schienenzwischenlagen. Werte in 

Klammern geben Benotung an. MTBF: Mean Time Between Failure, RA: Reliability and Availability, M: Main-

tainability, S: Safety, LCC: Life Cycle Costs  

 

In diesem Fall ist die Abwägung zwischen Lärm, Erschütterungen und Asset Management weniger 

klar und abhängig von der Gewichtung, welche für die einzelnen Kriterien gewählt wird. Diese Ge-

wichtung wird von örtlichen Gegebenheiten abhängen, zum Beispiel durch die Bedeutung des Lärm-

schutzes an diesem konkreten Ort.  

 

 

7. Dokumenten- und Datenmanagement 

 

Grundlagenberichte: 

Müller-BBM, dBVision, M+P: D3c: Document and data management system. 

 

 

Notwendigkeit für ein Dokumenten- und Datenmanagement: Das Projekt Go-Leise soll während 

vielen Jahren die Aktivitäten in den Bereichen Lärm, Erschütterungen und Asset Management zu-

sammenbringen. Die Gesamtoptimierung hängt von unzähligen Versuchen und Berichten ab. Hierzu 

müssen diese einfach und leicht zugänglich sein. 
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Anforderungen: Ein System für das Dokumenten- und Datenmanagement muss fähig sein, die Do-

kumente und Daten zu erfassen und weitere Inhalte beizusteuern. Diese müssen organisiert, geneh-

migt, administriert, über eine Suchfunktion gefunden und abgerufen werden können. Die Datensi-

cherheit muss dabei gewährleistet werden. 

 

Grundsätzliche Möglichkeiten: Grundsätzlich besteht ein Spektrum von einfachen, leicht verständli-

chen aber eingeschränkten Möglichkeiten (z.B. Excel Tabellen) bis zu komplizierten und umfassen-

den Knowledge Management (KM) Systemen. Es muss eine Abwägung getroffen werden.  

 

Mögliche Kriterien für Spezifikationen: Das Dokument- und Datenmanagementsystem muss ro-

bust, zuverlässig und sicher sein, tiefe Kosten für die Beschaffung und Installation sowie für den Un-

terhalt des Systems aufweisen, einfach zu bedienen sein, zukünftige Entwicklungen flexibel integrie-

ren können und integrierbar in umfassendere Wissensmanagementsysteme sein.  

 

Datenerhebung und Speicherung: Die Konzepte, welche für die Datenerhebung- und Speicherung 

gewählt werden, müssten in ein umfassenderes Datenmanagementsystem integriert werden können. 

Dies müsste bei allen Versuchen berücksichtig werden. 

 

Gegenwärtiger Stand im Go-Leise: Für die Phase 1 des Projekts Go-Leise wurde eine Sharepoint 

Datenbank erstellt, diese beinhaltete alle Grundlagenliteratur, erstellte Berichte, Protokolle, Sitzungs-

präsentationen und dergleichen. Parallel zu Go-Leise hat SBB Infrastruktur, Lärm eine Beurteilung für 

das Dokument- und Datenmanagement unternommen und hat TrindyRail11 (auf Basis der O-

pensource Software dokuwiki) als Favorit bestimmt, eine kollaborative Knowledge Management (KM) 

Cloud für Gleisinnovationen für dynamische Fragestellungen.  

 

Ergänzen zu einer Forschungsumgebung: Ideal wäre, wenn ein Dokument- und Datamanage-

mentsystem nicht nur von SBB-seitigen Projekten verwendet würde, sondern von allen Projekten und 

Daten, welche im Bereich Lärm-, Erschütterungen und Asset Management gesammelt werden, ideal-

erweise auf internationaler Ebene. Da dies sehr aufwendig ist, könnte in einem ersten Schritt nur 

Lärm und Erschütterungen angegangen werden sowie eine Beschränkung auf nationale Projekte. 

Diese Forschungsumgebung müsste von einer Institution gepflegt und eine langfristige Finanzierung 

sichergestellt werden.  

 

Nächste Schritte: Zumindest schweizweit müsste ein gemeinsames System gefunden werden, in 

welchem Dokumente und Daten allen verfügbar sind. Beteiligte Stellen sind neben der SBB auch die 

Bundesämter für Verkehr und Umwelt, die ETH Zürich sowie die EPF Lausanne, die Empa und weite-

re Forschungsanstalten. Dies ist zwar keine Wissenslücke als solche, unterstützt aber massgeblich 

den Erfolg der weiteren Phasen von Go-Leise. Es müsste deshalb ein separates Projekt mit diesem 

Inhalt gestartet werden. 

 

                                                
11

 trindyrail.cf (Testinstallation zur Zeit für SBB-interne Zwecke) 
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8. Wissenslücken und Vorschläge für weitere Arbeiten 

 

Grundlagenberichte: 

 Müller-BBM, dBVision, M+P: D0: Go-Leise final report 

 Müller-BBM, dBVision, M+P, Minutes of the Go-Leise workshop on June 1, 2016 in Bern 

 SBB: J. Oertli und M. Hafner, Go-Leise, ein Projekt der SBB zur Optimierung der Fahrbahn be-

züglich Lärm, Erschütterungen und Asset Management. Publikation im Tagungsband Bahnakustik 

2016: Infrastruktur, Fahrzeuge, Betrieb von Müller-BBM 

 

 

Zahlreiche Wissenslücken: Es wurden rund 70 Wissenslücken und innovative Ideen identifiziert. 

Diese wurden priorisiert und für die 16 erstklassierten ein Vorgehen definiert. Die wichtigsten Themen 

und Vorgehensweisen sind:  

 

 Schienenrauheit:  

o Bestimmung der Wachstumsraten von Schienenrauheit, sowie die Ursachen hierfür.  

Projektvorschlag: Messprogramm der Schienenrauheit auf verschiedenen Teststrecken 

über mehrere Jahre. Neben der Rauheit werden lokal auch weitere Parameter (Verkehr: 

Geschwindigkeit/ Gewicht/ Fahrzeugtypen/ Radzustand; Gleis: dynamische Eigenschaften 

(TDR)/ Steifigkeit der Schienenzwischenlagen/ Schotterdicke/ Bodenbeschaffenheit/ 

Schienenbefestigung) erfasst, um mögliche Korrelationen und daraus Rückschlüsse für 

vergleichbare Strecken und eine optimale Schleifstrategie zu finden. 

o Das Monitoring der Schienenrauheit und die Einhaltung eines Grenzwertes sind gemäss 

BGLE obligatorisch. Unklar ist, wie eine optimale Schleifstrategie (Geschwindigkeit/ Häu-

figkeit/ Zyklus) bestimmt werden kann. Hierzu muss die Variabilität der Schienenrauheit 

sowohl quer über den Schienenkopf wie auch längs entlang einer Schiene, sowie die Zu-

nahme der Schienenrauheit über die Zeit (siehe vorheriger Punkt) bekannt sein.   

Projektvorschlag: Monitoring-Projekt, in welchem die Möglichkeiten und Grenzen ver-

schiedener Messmethoden evaluiert werden. Für konkrete Situation werden die Messre-

sultate kalibriert. Ziel ist die ideale Messmethodik für netzweite und lokale Analysen zu de-

finieren. 

 Schwellenbesohlung:  

o Bestimmung der Gründe für die Zunahme des Lärms wenn Schwellenbesohlung (USP, 

under sleeper pads) eingebaut wird sowie die Suche nach Möglichkeiten, diese Lärmzu-

nahme zu verhindern.  

Projektvorschlag: Überprüfung der Lärmzunahme durch erneute Messungen und Simulati-

on in Modellen. Verstehen der Ursachen entweder im Modell oder bei Bedarf durch zu-

sätzliche Messungen (Schwingungsmessungen der Schwellen und Schienen/ TDR/ Er-

schütterungen) auf einer neuen Teststrecke mit USP. Idealerweise werden verschiedene 

USP Typen, welche sich in ihrer Steifigkeits- und Dämpfungseigenschaften unterscheiden, 
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geprüft. Das Zusammenspiel zwischen USP und unterschiedlichen Schienenzwischenla-

gen ist ebenfalls zu berücksichtigen.  

 Schienenzwischenlagen:  

o Eine optimale Schienenzwischenlage dämpft die Schwingungen frequenz- und lastabhän-

gig derart, dass die Anforderungen von Lärm, Erschütterungen und Asset Management 

gleichzeitig erfüllt werden. Von Vorteil wäre eine tiefe Steifigkeit bei tiefen Frequenzen und 

eine hohe Steifigkeit bei hohen Frequenzen. Dies kann erreicht werden, indem zum Bei-

spiel das Material oder das Design der Schienenzwischenlage verändert wird. 

Projektvorschlag: Neue Materialien und Geometrien für Schienenzwischenlagen entwi-

ckeln und prüfen.  

o Zur Bestimmung einer optimalen Schienenzwischenlage ist es notwendig, die relevanten 

Parameter und deren messtechnische Erfassung zu bestimmen.  

Projektvorschlag: Schritt 1: Erprobungen im Labor um statische und dynamische Steifig-

keit sowie Dämpfung sowie allenfalls weitere Parameter zuverlässiger zu messen und mit 

den Angaben der Hersteller vergleichen. Schritt 2: Verschiedene Schienenzwischenlagen 

auf einer Versuchsstrecke testen, wobei die Laborresultate mit der TDR (Track Decay Ra-

te) und den Übertragungsverlusten zur Schwelle verglichen werden.  

 Befestigung:  

o Die Dimensionierung des Befestigungssystems beeinflusst die Schwingung der Schiene 

(z.B. die pinned-pinned mode), die Ausbreitung der Welle entlang der Schiene und die 

Dämpfung der Schiene.  

Projektvorschlag: Projekt zur Optimierung der Befestigung. Dies kann neue Materialien 

und/oder ein neues Design beinhalten.  

 Schwellen:  

o Die Bestimmung der relevanten Eigenschaften von Schwellen (z.B. Prestress) und wie 

diese mit der Gleisdynamik interagieren. Eine Schwelle mit einer hohen inneren Dämpfung 

oder eine tiefe Steifigkeit bei tiefen Frequenzen und eine hohe Steifigkeit bei hohen Fre-

quenzen könnte den Lärm vermindern, welcher von Schwellen abgestrahlt wird. Eine sol-

che Schwelle könnte unter Umständen auch den zusätzlichen Lärm vermindern, welcher 

bei der Verwendung von Schwellenbesohlungen beobachtet wird. Die neue Schwellen-

konstruktion könnte völlig neue Materialen oder Geometrien beinhalten. 

Projektvorschlag: Schritt 1: Mit einem Erprobungsprogramm, in dem die Schwingungen 

und Verschiebungen auf bestehenden Schwellen in vergleichbarer Umgebung gemessen 

werden, wird das Wissen über das Schwingungsverhalten von Schwellen vergrössert. Die 

Schwingungen der Schwelle im Gleis werden mit der Dynamik isolierter Schwellen vergli-

chen. Schritt 2: Projekt, in dem neue Schwellendesigns entwickelt und getestet werden.  

 Alterung:  

o Bestimmung des Einflusses der Alterung auf die einzelnen Komponenten. Damit Produkte 

betreffend Alterung schneller getestet werden können, ist eine Methode notwendig, mit der 

Gleiskomponenten künstlich rasch gealtert werden können.  

Projektvorschlag: Schritt 1: Suche oder Entwicklung eines Alterungsprozesses, welcher 

unter Laborbedingungen den tatsächlichen Alterungsprozess beschleunigt simuliert. 
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Schritt 2: Projekt zum Vergleich der Alterung im Labor mit der Alterung im Gleis. Schritt 3: 

Erprobung von unterschiedlich künstlich gealterten Elementen und Vergleich btr. Lärm-, 

Erschütterungs- und Asset Managementkriterien entweder im Labor oder unter realen Be-

dingungen.  

 Asset Management:  

o Es gibt auf dem SBB Netz nur wenige historische Daten, welche bei einer umfassenden 

RAMS Analyse verwendet werden könnten. Für eine umfassende und vollständige Opti-

mierung werden solche Daten notwendig.  

Projektvorschlag: Schritt 1: Die notwendigen Daten definieren und überprüfen, ob diese 

aus bestehenden Daten hergeleitet werden können. Schritt 2: Ein Projekt innerhalb Infra-

struktur starten, bei dem die notwendigen Daten für RAMS und LCC auf eine optimale Art 

und Weise gesammelt werden. 

o Bestimmung der optimalen Erneuerungszeitpunkte für die einzelnen Gleiskomponenten. 

Hierzu müssen die bestehenden Regeln überprüft werden.  

Projektvorschlag: Projekt, indem die bestehenden Regeln für den Ersatz von einzelnen 

Gleiskomponenten oder die gesamte Oberbauerneuerung überprüft werden. Hierzu könn-

ten mittels „big data“ Analysen die Daten des Diagnosefahrzeugs mit Erneuerungszeit-

punkten korreliert werden.  

 Gesamtoptimierung:  

o Definition einer Funktion, mit der Optimierungen durchgeführt werden können.  

Projektvorschlag: Fall 1: Beurteilen, ob es bestehende Funktionen von ausreichender 

Qualität für die Bestimmung der Performance des Gleises gibt und ob diese mit den feh-

lenden Elementen z.B. für Lärm oder für Erschütterungen ergänzt werden könnten. Das 

Ziel könnte ein Einzahlwert sein. Fall 2: Die Funktion aus den relevanten physikalischen 

Gesetzmässigkeiten herleiten, sowohl mit Hilfe von Erkenntnissen aus bestehender Litera-

tur, als auch durch spezifische Tests im Gleis. Eine Gewichtung der Elemente der Funkti-

on kann lokale Präferenzen oder Rahmenbedingungen abbilden.  

 Statistik:  

o Es besteht in der Regel eine grosse Variabilität bei Versuchen mit Gleiskomponenten. Es 

gibt zur Zeit keine Richtlinien im Eisenbahnsektor, wie vorgegangen werden kann, um die-

se Variabilität sinnvoll zu berücksichtigen. Eine solche Richtlinie müsste statistische Ele-

mente umfassen, wie z.B. die Anzahl Wiederholungen und statistische Testverfahren. Zum 

Beispiel müssen Methoden gefunden werden, um frequenzabhängige Kurven miteinander 

zu vergleichen wie etwa verschiedene TDR Kurven. 

Projektvorschlag: Zusammenstellung einer umfassenden Richtlinie für die Erprobung im 

Bereich Lärm und Erschütterungen. Diese Richtlinie soll statistische Verfahren und Design 

of Experiments Wissen mit Ingenieur- und Messerfahrung kombinieren. 

 Testabschnitte:  

o Um die Versuche zu vereinfachen, müssen konkrete Testabschnitte definiert werden, bei 

denen möglichst viele Parameter bekannt sind. 

Projektvorschlag: Kriterien für Testabschnitte definieren, die Möglichkeiten prüfen und eine 

oder mehrere Optionen wählen.  
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 Innovation:  

o Eine nicht diskrete oder sogar zufällige Auslegung des Gleises könnte die Bildung von be-

stimmten Wellen verhindern (z.B. in der pinned-pinned Frequenz). Diese nicht diskrete 

Auslegung könnte erreicht werden mit unterschiedlichen Schwellenabständen oder – falls 

die Abstände gleich gelassen werden, mit unterschiedlicher Geometrie (Breite) der Schie-

nenzwischenlagen von einer Schwelle zur nächsten. Auch könnte die Steifigkeit der 

Schienenzwischenlagen zufällig von einer Schwelle zur nächsten gewählt werden. 

Projektvorschlag: Schritt 1: Simulierung der Auswirkungen von zufälliger Abstützung oder 

wechselnde Steifigkeiten einzelner Komponenten auf Lärm und Erschütterungen. Dies 

müsste für verschiedene Verkehre durchgeführt werden. Schritt 2: Auf Testabschnitten un-

terschiedliche Konfigurationen von Steifigkeit und Dämpfung einbauen und den Lärm und 

die Erschütterungen messen, sowie die Auswirkungen auf Asset Management bestimmen 

und mit den Simulationsresultaten vergleichen.   

o Untersuchung des Einflusses von Reibungsmodifikatoren auf das Wachstum der Schie-

nenrauheit. 

Projektvorschlag: In Versuchsabschnitten mit und ohne Reibungsmodifikatoren den Lärm, 

die Erschütterungen sowie die Schienenrauheit in periodischen Abständen über eine län-

gere Zeitdauer messen. Dies könnte mit einem Versuch kombiniert werden, in dem das 

Wachstum der Rauheit auf Schienen allgemeine untersucht wird.  

 Wissensmanagement:  

o Um den Erfolg von weiteren Phasen im Go-Leise zu unterstützen ist ein Wissens- und Da-

tenmanagement sehr wichtig. Im Go-Leise sind die theoretischen Ansätze und Kriterien 

dazu erarbeitet worden und eine Plattform (TrindyRail) probehalber erstellt worden.  

Projektvorschlag: In Zusammenarbeit mit anderen beteiligten Stellen (u.a. SBB, Bundes-

ämter, Empa, ETH Zürich und Lausanne) soll eine gemeinsame Wissens- und Datenma-

nagementplattform erstellt werden. Es müssen verantwortliche Institutionen und Personen 

definiert werden und ein Budget bereitgestellt werden.  

 

 

9. Fazit 

 

Gesamtoptimierung wichtig: Die Bedeutung einer Gesamtoptimierung wurde bestätigt – in sehr 

vielen Aspekten der Fahrbahn bestehen unterschiedliche Anforderungen betreffend Lärm, Erschütte-

rungen und Asset Management. Es stehen zum Teil gegenläufige Absichten im Fokus der einzelnen 

Themen. Mit der Multi-Criteria Analysis konnte aufgezeigt werden, wie diese unterschiedlichen As-

pekte miteinander verglichen und optimiert werden könnten, um die offensichtlichen Nachteile einer 

isolierten Betrachtungsweise zu umgehen.  

 

Wissenslücken müssen geschlossen werden: Als Voraussetzung für eine Gesamtoptimierung  

müssen eine Reihe von Wissenslücken geschlossen werden. Diese beinhalten nicht nur technische, 

sondern auch andere Themen wie Statistik oder Wissensmanagement.  
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III. Nächste Schritte 
 

Wissenslücken schliessen: Aufgrund der vorliegenden Studie ist es sinnvoll als nächsten Schritt die 

Wissenslücken zu schliessen. Einzelne Themen sind bereits etwas konkretisiert. Der Stand Ende 

2016 ist: 

 

 Schienenrauheit: Die SBB Infrastruktur hat ein Projekt zur Erhebung der Schienenrauheit mittels 

Achslagerbeschleuniger am neuen gezogenen Diagnosefahrzeug begonnen. Funktioniert die Er-

hebung, wird es möglich sein, die Schienenrauheit mit anderen gemessenen Parametern des Di-

agnosefahrzeuges zu korrelieren und weil jede Strecke zweimal jährlich abgefahren wird, dies mit 

dem Wachstum der Schienenrauheit in Verbindung zu bringen.  

 

 Schienenzwischenlagen: Ein Antrag für die Entwicklung von neuen Materialen für Schienenzwi-

schenlagen, welche mit einer optimalen Dämpfung bei verschiedenen Frequenzen sowohl den 

Unterhalt als auch den Lärm reduzieren sollen, ist bereits gestellt und für die ersten Phasen bewil-

ligt worden. Dieses Projekt wird von der EPFL (École polytechnique fédérale de Lausanne) gelei-

tet. Beteiligt ist neben der SBB auch die Empa (Eidgenössische Materialprüfungs- und For-

schungsanstalt). Weitere Anträge und Projekte sollen in den nächsten Jahren folgen, mit dem 

Ziel, bis 2020 Massnahmen und Methoden soweit bereit zu haben, so dass sie im Rahmen des 

BGLE (Bundesgesetz zur Lärmsanierung der Eisenbahnen) umgesetzt werden können.  

 

 Reibungsmodifikatoren und Wachstum Schienenrauheit: Weiter besteht SBB-internes Inte-

resse das innovative Thema Reibungsmodifikatoren und Wachstum der Schienenrauheit anzuge-

hen. Erste interne Gespräche mit Beteiligung von Rollmaterial- und Infrastrukturspezialisten sind 

durchgeführt worden. 

 

Weitere Priorisierung notwendig: Die übrigen Projekte müssen in Zusammenarbeit mit den Bun-

desämtern für Umwelt und Verkehr priorisiert und koordiniert werden. Vorgeschlagene Kriterien für 

die Projektauswahl sind: 

 

 Bedeutung für mögliche Umsetzung innerhalb BGLE Zeitrahmen 

 Bedeutung als Grundlage für andere Arbeiten 

 Kapazitäten von SBB (Lärm und Fahrbahn) 

 Andere Arbeiten in Ressortforschung (z.B. bereits vergeben oder geplant) 

  

SBB Beteiligung bei Projekten sinnvoll: Diese Arbeiten müssen nicht von der SBB ausgeführt 

werden, jedoch ist es sinnvoll die SBB bei den Arbeiten zu integrieren, damit jeweils die SBB-seitigen 

Rahmenbedingungen und Umsetzungsmöglichkeiten berücksichtigt werden.  

 

Finanzierungsquellen: Gelder aus der Ressortforschung gemäss BGLE sind eine mögliche Finan-

zierungsquellen. Für Aspekte des Engineerings einzelner Massnahmen wäre auch zu prüfen, ob nicht 
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finanzielle Mittel, welche für Umsetzung der Massnahmen vorgesehen sind, verwendet werden könn-

ten.  

 

Koordination notwendig: Viele Beteiligte sind an der Eisenbahnlärmforschung involviert. Eine Koor-

dination der Arbeiten der verschiedenen Players (Bund, SBB, Empa, andere Forschungsinstitute) ist 

deshalb unabdinglich. 

 

Überprüfung ob Go-Leise für weitere Fälle sinnvoll: Der vorliegende Bericht beschränkt sich auf 

die gerade Strecke. Es muss überprüft werden, ob ein analoges Projekt für Kurven, Weichen und 

andere Besonderheiten wie Schienenstösse durchgeführt werden sollte. Ein solches Projekt würde 

die gleichen Phasen enthalten, jedoch zeitlich verschoben durchgeführt werden, das heisst, es müss-

te wieder mit einer analogen Phase 1 (Überblick, Wissenslücken) begonnen werden. Viele Elemente 

wie zum Beispiel die Überlegungen zur Durchführung der Gesamtoptimierung (Multi-Criteria Analysis) 

könnten jedoch übernommen werden.  
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Summary 

This final report (deliverable D0) comprises the key findings of the Go-Leise project. The Go-

Leise project (Gesamtoptimierung, Lärm-, Erschütterungs-, Infrastruktur- und 

Sicherheitseinflüsse) aims to optimize the whole track system of the Swiss Railways. The 

optimization balances noise and vibration levels in the surroundings of the track against life 

cycle cost and RAMS elements (Reliability, Availability, Maintainability and Safety) of the 

track system.  

 

In Phase 1 of the project, elements of optimization and references to their impact on noise, 

vibration and LCC are identified. Phase 1 intends to identify gaps of knowledge and to 

propose methods to bridge these.  

 

This report highlights the results of all other associated Go-Leise deliverables and combines 

the results in a holistic optimization approach. It gives an overview of the methodologies for 

the optimization process and defines next steps to be taken to bridge the most important 

knowledge gaps. In doing so, it presents an outlook into the next phases of the Go Leise 

project.  
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1 
Motivation and overview of the Go-Leise1 project 

After the introduction of silent freight wagons and mitigation measures like noise 

barriers, track oriented noise measures represent the next major step: With the 

retrofitting of the Swiss freight fleet with K-blocks, the scheduled ban of cast iron brake 

blocks on the Swiss network and the construction of almost 300 km of noise barriers, major 

efforts in noise reduction have been undertaken. It is therefore reasonable to consider the 

noise reduction potential of the track as a next step. However it must be kept in mind that 

the track is a complex system of vibrating elements, interacting with the rolling stock. If one 

element of the system is changed, this has an influence on all others. Moreover, the optimal 

combination of track components is different for the various functionalities provided by 

infrastructure such as noise control, ground borne vibrations control or infrastructure LCC and 

often they contradict one another. Inevitably and irrespective of the above functionalities all 

legal requirements concerning safety must be fulfilled. 

Aim is to optimize the track as a whole: It is therefore self-evident to assume a holistic view 

and aim at optimization of the whole system. The idea is to find the optimal combinations of 

track components – possibly relative to local conditions – which reduce noise and at the same 

time fulfill the requirements of infrastructure LCC, safety and vibrations in the best possible 

way. In this process, it is possible that individual components such as the rail pad must be 

improved. The specific aim in a first phase is to gain an overview of and insight into the topic, 

define gaps in knowledge and how they can be bridged as well as to define the optimization 

methodology in detail. This phase should also be used to develop systems of knowledge 

management and data storage, which can be used throughout the full length of the project. 

On the other hand the innovation environment should be optimized, including the knowledge 

management system mentioned; lists of contact persons as well as a compendium of lessons 

learned shall be developed.  

Project in several phases: The project was initially designed to have a total of four phases:  

 Phase 1: Overview study (overview of topic, define gaps in knowledge, determine 

experiments and tests to be undertaken, define optimization methodology) The 

current report is the final deliverable of Phase 1. 

 Phase 2: Conduct the necessary trials to bridge the gaps in knowledge. This will be 

undertaken separately for known elements and for innovative changes in the track 

components. Phase 2 and further have yet to start off  

 Phase 3: Calculation of LCC, noise and vibration independent of local conditions.  

 Phase 4: Implement optimization of individual track sections.  

                                                       
1
 Gesamtoptimierung, Lärm-, Erschütterungs-, Infrastruktur- und Sicherheitseinflüsse  

(Whole System Optimization for Noise, Vibrations, Safety and Infrastructure LCC) 
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The scope of the project is straight track. This can be defined as a generic ballasted track 

system without (narrow) curves that is within specifications and well-maintained:  well-

aligned track, non-defective fasteners, no hanging sleepers, non-corrugated track etc. In 

addition we do not consider localized effects related to railway network construction on a 

larger scale like rail welds, (insulated) rail joints, switches, bridge joints etc. 

Phase 1 to be completed by the end of 2016: Work on Phase 1 started in spring of 2015. The 

results are presented in the present report. This report includes an outlook into Phase 2 and 

beyond.  
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2 
Introduction and common terminology 

For the presentation, understanding and discussion of the knowledge that was collected 

within the Go-Leise project, it is important to use a common terminology. The following 

sections summarize the basic terminology and findings from all of the other associated Go-

Leise deliverables. 

2.1 Railway Noise  

Railway noise is considered unwanted sound, generated mainly at the wheel rail interface. 

Traction noise and aerodynamic noise are considered to be out of the scope of the Go-Leise 

project as there is no interference with the infrastructure. Railway noise may propagate as 

airborne noise through the air or as ground-borne noise and vibrations through the ground. 

2.1.1 Airborne Noise  

Airborne noise is that part of the railway noise that is transmitted through air to a receiver 

position outside in front of a façade, or through a combination of air and the construction of a 

building to a position inside the building. Noise is perceived with the ear. Audible noise is 

sound in the frequency band between 16 and 16,000 Hz, whereas low frequency noise is 

defined as sound with a frequency roughly below 100 Hz. 

2.1.2 Ground-borne/Structure-borne noise 

Ground-borne/structure-borne noises are generated by dynamic movements of solid bodies 

such as the floor of a house. Structure-borne noise is generated in the vehicle and track 

system during the passage of a train. (See also 2.1.4) 

2.1.3 Vibrations  

In the context of the present report, vibrations are ground-borne (they travel through the 

ground) and perceived (felt) by a person or causing vibrations of buildings or of parts of it. 

The relevant frequency range of vibrations is between 4 Hz and 80 Hz. In some cases 

vibrations can lead to secondary effects such as rattling of pottery or doors.  
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2.1.4 Reradiated sound 

The ground-borne/structure-borne noise is transmitted through the soil and the foundation of 

buildings and is partly reradiated from surfaces (e.g. floor, ceiling) and may thus be audible. 

Reradiated sound covers the frequency range from 16 Hz to 250 Hz. 

 

 

 

 

 

The following figure presents the relevant frequency ranges involved in railway noise and 

vibrations.  

 

 

A model to describe the generating mechanism of railway noise and vibration is shown in the 

next figure and explained in more detail in the following paragraphs.  

Figure 1  Sketch to illustrate the transmission of structure-borne and 

airborne noise in the vicinity of an open railway line 

Figure 2  Typical frequency ranges of airborne noise, re-radiated sound and feelable vibrations 

Figure 3  Diagram of wheel/rail impedance 

models with roughness excitation 
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Figure 3 shows that both the railway vehicle and the track are involved in the generation 

process. The Go-Leise focus lies on the track’s contribution to the noise emission. It has to be 

kept in mind that the impact of reduction measures at the track however will depend on both 

the railway vehicle and the track. 

The most relevant terms and effects related to noise and vibration are listed in the following 

chapter. 

2.2 Airborne Noise 

2.2.1 Excitation 

The vibrations in the rail and track grid are excited at the wheel/rail interface from the 

(acoustic) roughness (i.e. surface irregularities) occurring on both the wheel tread and the 

rail head surface. Additional noise is generated from wheel flats or irregularities such as 

joints on the rail head. Loose rail fasteners and unsupported (“hanging”) sleepers can add 

noise components. 

2.2.2 Acoustic roughness 

Variations in the height of the running surface of the rail with wavelengths between 5 to 500 

mm and amplitudes of a few or several tens of a micrometre are associated with rolling noise 

excitation. Acoustic roughness can be superimposed by corrugation (periodic wear pattern on 

the rail head). Acoustic roughness can also be found on the wheel tread. Wavelengths on the 

wheel are typically between 5 and 50 mm.  

2.2.3 Dynamic stiffness (damping) 

Dynamic stiffness k’ is the frequency dependent resistance of an element to deformations due 

to varying forces. The vibrations observed are therefore the result of the excitation forces 

acted against (divided by) the dynamic stiffness. Dynamic stiffness is complex, where the real 

part stands for the stiffness and the imaginary part represents a loss term (i.e. damping). The 

loss term reflects that in every cycle a portion of the vibration energy is lost (i.e. by 

conversion of vibration energy into heat). 

2.2.4 Rail vibrations 

In a broadly excited track system there are certain characteristic frequencies to be found 

that are of importance to the noise radiation from the rail (see figure 4). They relate to 

modes in the structure of the track system. Their importance to the noise emission is that 

they all mark the start of either a stop band (i.e. a frequency band where no transfer of 

energy takes place) or pass band (i.e. a frequency band where transfer can take place 

included in a wider range without transfer) thereby drastically changing the size of the 

vibrating surface. A real track is a complex system where the interdependencies of the 

corresponding frequencies are not easily acquired. Therefore a simple model is often used to 

capture some of the interdependencies. Rail and sleeper are approximated as masses 

interconnected by springs with the dynamic stiffness of the rail pad and ballast respectively. 
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Figure 4. Illustration of the dominating resonance frequencies for the stiffness in the track vehicle 

system; analytical models compared to measured values 

 

 First cut-on frequency is the resonance of the rail grid (rail and sleepers) on the 

ballast bed 

𝑓𝐴 ≈  
1

2𝜋
√

𝑘𝑏
′

𝑚𝑠 + 𝑚𝑟
 

where k stands for the dynamic stiffness, m for the mass per meter and the index b, s 

and r for ballast, sleeper and rail respectively. The first cut-on frequency marks the 

start of a pass band for waves to freely propagate along the track grid. Typically, for 

a ballasted track with UIC 60 rail and concrete sleepers, the first cut on frequency is 

around 200 – 300 Hz 

 

 Second cut-on frequency is the resonance of the rail on the rail pad 

𝑓𝐶 ≈  
1

2𝜋
√

𝑘𝑝
′

𝑚𝑟
 

where k’ stands for the dynamic stiffness, m for the mass per meter and the index p 

and r for rail pad and rail respectively. The second cut-on frequency marks the start 

of a pass band for waves to freely propagate along the rail and therefore the rail is 

said to be decoupled from the rest of the track system. Typically, this frequency is 

around 500 to 600 Hz.  
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 Sleeper resonance refers to the resonance of the sleeper mass between rail pad and 

ballast 

𝑓𝐵 ≈  
1

2𝜋
√

𝑘𝑝
′ + 𝑘𝑏

′

𝑚𝑠
 

where k’ stands for the dynamic stiffness, m for the mass per meter and the index p, 

s and b for rail pad, sleeper and ballast respectively. The sleeper resonance lies in 

between the first and second cut-on frequency and marks the start of a stop band. 

The sleeper resonance frequency lies between 400 and 500 Hz.  

 

A fourth characteristic frequency is assembled from an infinitely long rail with discrete 

supports (sleepers). 

 Pinned-pinned mode is defined by the frequency of a vibration of the rail where half 

a wavelength matches the sleeper spacing and which has nodes above the sleeper 

𝑓𝐷 ≈  
𝜋

2𝑙2
√

𝐸𝐼𝑟

𝑚𝑟
 

where EI stands for the bending stiffness, m for the mass per meter, l for the sleeper 

spacing and the r for rail. The pinned-pinned mode marks the start of a stop band for 

waves travelling through the rail; however there is a second mode at the same 

wavelength that has its nodes in the bay and a maximum of amplitude at the sleeper 

position. This second mode is coupled to the sleeper by the dynamic rail pad 

stiffness and again marks the start of a pass band. The width of the stop band above 

the first pinned mode is therefore highly dependent on rail pad dynamics. The 

pinned mode typically lies above 1000 Hz.  

 

At higher frequencies cross section deformations of the rail start to exhibit. 

The formulas given above are approximations to demonstrate the interdependencies. 

 
 

2.2.5 Track decay rate (TDR) 

Experimentally the effective length of the radiating rail in dependence of the frequency of 

the excitation is determined from the track decay rate, which describes the decrease in 

amplitude of the vibration along the rail. The internal damping of the rail itself is low. The 

most important track element for the damping of higher frequencies in the rail is the rail 

fastening, which includes the rail pad with its elastic properties and the resilient fixation that 

couples the rail to the sleeper. 

2.2.6 Radiation 

All track components with a substantial surface area may contribute to the noise emitted 

directly, if their surfaces are excited to vibrate in the corresponding frequency range. 

Thereby the noise emitted by a track component is related to the size of the vibrating 
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surface, the vibration velocity of the vibrating surface and the radiation ratio. The latter 

equals one if the wavelength of the vibration is smaller or equal to the size of the radiating 

object. Where the wavelength is far larger than the size of the vibrating surface the radiation 

ratio tends to zero. From these conditions it follows that the direct noise radiated from a 

track is dominated by frequencies above 300 Hz. 

2.3 Ground vibrations 

2.3.1 Excitation 

Ground-borne noise and vibrations are generated at the wheel/rail interface either from a 

passing load (boogie, axle and wheel) at low frequencies, from parametric excitations such as 

the varying stiffness due to a discretely supported rail, from larger defects and irregularities 

on the rail, loose rail fasteners /”hanging”(=unsupported) sleepers or defects in the wheel 

running surface (wheel flats or wheel out of roundness leading to dynamic excitation) or from 

the unbalanced wheel mass. Car bogie or car body bounces may be responsible for the very 

low frequency vibrations.  

2.3.2 Track resonance 

The track resonance frequency 𝑓𝑣/𝑡 is determined by the unsprung mass 𝑚𝑢 of the rail and the 

(dynamic) track stiffness 𝑘𝑡
′  of the entire track superstructure 

𝑓𝑣/𝑡 ≈  
1

2𝜋
√

𝑘𝑡
′

𝑚𝑢
 

The track resonance marks the frequency above which parts of the track masses become 

dynamically isolated in relation to the ground. Higher frequencies are more confined in the 

track system where they may propagate along the track in much the same way as waves are 

free to propagate in the rail above the rail resonance. All mitigation measures against ground 

vibrations applied within the track superstructure will aim to lower the track stiffness 𝑘𝑡
′  to 

shift the track resonance to lower frequencies. The resultant effect will be most notable at 

the frequency of the resonance that occurred before the lowering of the track stiffness. 

Frequencies below the track resonance frequency can only be attenuated by secondary 

measures in the transmission path through the ground.  

2.3.3 Soil Damping 

Ground vibrations are formed from the displacements transmitted through the track 

superstructure. Ground vibrations travel in mainly three wave forms (i.e. pressure waves, 

shear waves and surface (Rayleigh) waves) with different propagation speeds and different 

wavelengths. Shear waves and Rayleigh waves are dispersive, i.e. the propagation speed 

changes with frequency. Diffraction (bending) and reflection may occur at intersections 

between different soil layers. As the soil being the transmitting media has a damping that 

takes away a portion of the vibration per cycle, the higher frequency vibrations decay faster 

over distance. 
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2.4 RAMS (Reliability / Availability, Maintainability and Safety) 

This section explains the terminology and definitions for the terms associated with the 

commonly used abbreviation RAMS. 

2.4.1 Reliability 

Reliability is defined as the probability that an item can perform a required function under 

given conditions for a given time interval. 

2.4.2 Availability 

Availability is defined as the ability of a product to be in a state to perform a required 

function under given conditions at a given instant of time or over a given time interval 

assuming that the required external resources are provided. 

2.4.3 Maintainability 

Maintainability is defined as the probability that a given active maintenance action, for an 

item under given conditions of use can be carried out within a stated time interval when the 

maintenance is performed under stated conditions and using stated procedures and resources. 

 

The following terms are related to maintainability: 

2.4.3.1 Maintenance 

The combination of all technical and administrative actions, including supervision actions, 

intended to retain a product/item in, or restore it to, a state in which it can perform a 

required function. 

2.4.3.2 Predictive maintenance 

In predictive maintenance, one predicts the moment in time when a failure criterion will be 

exceeded; the maintenance actions are then planned and carried out before that moment. 

This prediction is made with a predictive model that is fed by historical and empirical (track) 

inspection data. 

 

2.4.3.3 Preventive maintenance 

The maintenance carried out at pre-determined intervals or according to prescribed criteria 

and intended to reduce the probability of failure or the degradation of the functioning of a 

product/item. 

 

2.4.3.4 Corrective maintenance 

The maintenance carried out to repair a failure or defect in the ‘system’, which occurred 

before its likely occurrence was detected and corrected during preventive maintenance – or 

passed unnoticed at inspection or planned maintenance. This also includes maintenance 

measures necessary as a consequence of failure in another system that caused damage (e.g. 

maintenance to the track as a result of derailment due to vehicle failure). 
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2.4.3.5 Inspection 

Check for conformity by measuring, observing, testing or gauging the relevant characteristics 

of a product/item. 

2.4.4 Safety 

Safety is defined as the state of a technical system being free from unacceptable risk of 

harm.  

2.4.4.1 Risk 

Risk is defined as the probable rate of occurrence of a hazard causing harm and the degree of 

severity of that harm. As a combined effect it is important to consider the probability that a 

hazard actually leads to harm (the rate of occurrence of accidents and incidents resulting in 

harm (either caused by a hazard or otherwise) and the degree of severity of that harm.  

Mathematically this is represented as:  

 

Risk = Rate (of accidents) x Degree of Severity (of harm) 

2.4.5 The Swiss practice 

The RAMS concepts are rather abstract concepts. Therefore they require a more concrete and 

practical interpretation. Below, the interpretation given to the RAMS elements in the practice 

of Swiss railways is presented. 

2.4.5.1 Reliability and availability 

Reliability is related to the number of incidents resulting in delay. This figure itself is related 

to the MTBF (Mean Time Between Failures) or rather the MTBSAF (Mean Time Between 

Service Affecting Failures). The latter takes into account whether the train service is 

affected while the MTBF takes into account all kind of failures of a component. 

 

Availability is related to the time that a certain asset is not available. This is called 

unavailability and a key figure is the ratio of: 

 
train delay minutes

milion route kilometers
 

 

SBB’s aim for availability is to have a high score on customer punctuality. To accomplish that, 

a classification for traffic corridors based on operational usage has been proposed. This is a 

quantification that takes into account the number of trains per day and corrects this 

classification for the number of train paths per day and the availability of backup routes.  

In practice, all main corridors (‘Hauptstrecken’) normally have backup routes. The secondary 

corridors (‘Nebenstrecken’) do not. It is not monitored (directly) when a backup route is 

taken instead of the normal route, but it will show up in the unavailability ratio whenever a 

train is delayed due to it taking the backup route. 
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2.4.5.2 Maintainability 

The maintainability is related to the time that an asset is out of service or the mean time to 

repair. This time comprises the repair time and the time it takes to start the repair 

(intervention time). 

2.4.5.3 Safety 

Derailment is the main safety risk which is influenced by the track. SBB collects data about 

derailments in a database.  No measure for safety is used yet so we propose to use the Mean 

Time Between Safety System Failure (MTBSSF) as indicator. 

2.5 LCC (Life Cycle Costs) 

Life Cycle Costs (LCC) analysis is a method for calculating the total cost of a system or a 

product over its total lifespan. It is a systematic process to quantify and evaluate cost 

impacts. The outcome of an LCC assessment can be used as the cost side of a cost benefit 

analysis and thus supports decision making through economic assessment and comparison of 

alternative strategies and designs. For railway infrastructure managers, the cost includes the 

following parts: 

 Procurement (including installation); 

 Operation; 

 Maintenance; 

 Non-Availability; 

 Social Economics; 

 Demolition and removal. 

2.5.1 Swiss practice 

To calculate the LCC of design variants, SBB uses an Excel tool. In this tool, the following cost 

component groups are considered: 

 Investments & renewal; 

 Preservation (monitoring, maintenance, refurbishment, troubleshooting); 

 Other (asset management, costs of other assets, earnings). 

These costs are put in for each year that they are made, either as fixed costs or costs per 

meter of the asset or per hour for monitoring and maintenance. The figures for these costs 

are supplied by the purchasing department of SBB. 

The costs do include the procurement, operation and maintenance costs. These are generally 

considered as the direct costs. The indirect costs (costs of non-availability and social 

economic costs including person hours) are not considered.  

2.6 Description of methods for an optimization strategy  

Methods for optimization are applied not only to support the decision making, but also to 

document the process leading to the decision and to support an objective decision.  
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2.6.1 Cost Benefit Analysis  

Cost Benefit Analysis (CBA) is a method for decision making through economic assessment and 

comparison of alternative strategies and designs. It assesses both the benefits and the costs 

of certain interference. The ratios of benefits to cost of different options help to rank the 

options according to the best benefits to the same costs, or, alternatively, the lowest cost for 

the same benefits. The method assesses whether or not a certain intervention is cost efficient 

by direct comparison of costs and benefits (provided that both are expressed in monetary 

terms). For impacts such as noise and vibration, where the objective is to reach a limit value, 

the problem is often to find the solution that provides the necessary reduction to the lowest 

cost. The ratios are best expressed as non-dimensional, which requires the benefits to be 

expressed in the same dimensions as the cost, i.e. preferably in monetary units (e.g. CHF).  

Relevant information on what is called the "valuation" of environmental noise was collected in 

the last two decades, allowing a cost benefit analysis for various noise mitigation measures. 

There is a reasonable consensus about the monetarization of noise benefits. For vibration, 

there is no consistent valuation available yet.  

For the cost side, often the LCC (see above) is taken as the decisive quantity, but for noise 

mitigation measures life cycle costs are neither generally available nor systematically 

collected. This is even more so the case for vibration mitigation.  

For railways, the cost side might also be approached as the sum of the RAMS elements (see 

above), which leads to a more generic outcome. RAMS elements are more and more available 

and collected. 

2.6.2 Multi Criteria Decision Aiding 

Multi Criteria Decision Aiding (MCDA) is a method to identify the preferable solution from a 

series of proposed solutions. Essential to the method is the definition of a set of decision 

criteria. The set should include all (or at least most) of the criteria that are considered 

crucial for the decision. Very often cost is one of these. The advantage is that there is no 

need for uniform dimensions (criteria can be dimensionless or even qualitative only) and 

different criteria can be weighted to allow a differentiation of their relevance. A 2010 paper 

by NASA compares three different MCDA methods (Pugh, Analytic Hierarchy Process and 

Kepner-Tregoe) on the basis of their accuracy and the amount of data and time needed. For 

riskier decisions it is recommended to involve higher level stakeholders to choose an optimal 

decision. 

 

2.6.3 Stochastic Multi Criteria Acceptability Analysis 

SMAA or Stochastic Multi Criteria Acceptability Analysis is a specific form of MCDA, which 

allows expressing the values for different criteria in a probabilistic way. It is particularly 

suited for situations where there is uncertainty about the value of certain parameters. It 

takes into account the uncertainties and assesses the acceptability and the level of 

confidence of the outcome and the so-called central weight factor applied by the decision 

makers involved. The method is more mathematical than the MCDA and as a consequence is 

less inviting to those involved in the decision making to start a dialogue.  
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2.6.4 Comparison between CBA and MCDA 

 CBA MCDA SMAA 

Strengths - Direct comparison 

between costs and 

benefits in the same 

familiar unit 

- Consistent and 

transparent 

Highly suitable to support 

go/no go decisions 

- Any criterion can be 

included and 

quantified 

- Sensitivity analysis is 

relatively easy; allows 

for evaluation of the 

accuracy of results 

- Allows public 

participation and 

democratic decision 

making 

- Allows emphasis on 

certain aspects 

- Allows for probabilistic 

approach, taking 

account of 

uncertainties in 

parameters 

-  Deals with 

uncertainties in 

parameters 

weaknesses -Monetarization is needed: 

criteria can only be taken 

into account if they can 

be monetarized (unless 

one uses the equal impact 

method) 

-Monetarization is difficult 

for some criteria due to 

the lack of data 

- Ethical objections against 

      monetarization of health 

      effects may exist 

- It is not a generic 

method: In each 

situation, it requires 

development and 

tailoring of weighting 

factors 

- The method is less 

known: this may make 

it more difficult to 

explain the method 

and the results of it 
 

- Method is less 

transparent and not 

directly 

comprehensible 

- Evaluation may 

require the 

involvement of an 

analyst 

- More mathematical, 

hence less consensus 

building 

 

 

Which method is to be preferred will depend on the situation. CBA is more suitable for policy 

making, which is generally a large-scale or (inter)national issue, for instance when one wants 

to know what the costs and the benefits are of changing the sleeper type for the whole rail 

network in Switzerland. CBA will lead to less discussion about the method and the results, if 

based on valid evidence from monetarization research, and will generally be understood and 

accepted. Direct public involvement into the method is not very common for policy making on 

a national scale; public involvement is executed indirectly, through democracy. 

 

MCDA is more suitable for a local situation, e.g. at a local noise hot spot. The MCDA can be 

tailored to the specific situation and the specific public environment, e.g. by adding locally 

relevant criteria. If used well it may increase the acceptance and public feeling of having an 

influence on the own situation. MDCA also enables the relatively easy incorporation of ‘softer’ 
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criteria and arguments (aesthetics, socio-cultural aspects) which are hard to monetarize in 

the CBA approach, but which may be important for the public opinion and acceptance. 

SMAA is a more scientific and mathematical method, allowing for decision aiding in situations 

with very little reliable information about the exact value of the parameters. It is a more 

developed variation of MCDA.  

 

Phase 1 of Go-Leise has given examples of how CBA and MCDA approaches could be applied.  
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3 
Impact of mitigation measures and exchange of track 
components 

In this chapter the most important results from the literature research and expert interviews 

are listed in the form of impact tables for track components or track (sub-) systems. The 

impact of a change in the track system is considered for a straight track without singularities 

such as joints and switches. All impact entries in the following tables are expressed in 

reference to the nomenclature of the Introduction and common terminology.  

 

To score the effects we use the 3x scale (0, 1, 3, 9, 27). If there is no effect the score is 0, 

the score is 27 for a major effect. The sign (+ or -) denotes if the effect is positive or negative 

in the sense of achieving the envisaged goal. The score and sign are added in brackets. Where 

the effect is unknown the score is [+/-] while no number is given if the strength of that effect 

is yet undetermined. The effect on noise and vibrations is also denoted in decibels and 

wherever applicable the frequency range where the effect takes place is given. 

The components listed are examples. Other changes or innovations in components could be 

considered in the same way. The scores presented in the examples are based on the current 

knowledge of the effects. Further research and experiments may lead to a change of insight 

which is likely to affect the scores.  

3.1.1 Rail grinding 

Considerations: Used to (re)shape the rail head; prevent/correct corrugation and RCF 

damage; as a side result the acoustic roughness is reduced; optimal wheel rail contact will 

increase lifetime of both the wheel and the rail.  
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 RA M S LCC Noise Ground vibrations 

 MTBM 
decreases [3-] 
 
MTB(C)F 
increases [9+] 
 
Grinding 
debris causes 
signaling 
failure [3-] 

No influence 
[0] 

Prevent head-
checks [9+] 
 
Prevention of 
corrugation 
removes the 
risk of 
fastener 
failure [3/9+] 

More grinding: 
Increase preventive 
maintenance costs [3-] 
 
Decrease corrective 
maintenance costs due 
to head checks and 
fastener failure [9+] 

If overall roughness is 
lowered (i.e. in the case 
of rolling stock with 
smooth wheels) the 
noise radiation will be 
less  
 
Grinding marks can 
temporarily increase 
noise! [3-] 
 
In the well maintained 
Swiss rail networks the 
benefits from acoustic 
grinding are 2-3 dB [9+] 
 
If otherwise corrugation 
existed [27+] 
 

If overall roughness and 
rail head defects are 
less ground vibrations in 
the (less important) 
higher frequency range 
decrease likewise. [+] 

Remarks: If corrugation is prevented that otherwise would have grown the noise benefit can 

be much higher (10-20 dB) 
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3.1.2 Rail dampers 

Considerations: Increase track decay rate to reduce rolling noise emission from the rail 
 RA M S LCC Noise Ground vibrations 

 No influence 
on vehicle 
bearing 
function [0] 

Inspection is 
more difficult. 
 
Dampers need 
to be removed 
for welding, 
rail 
replacement 
MTTM 
increases [9-] 

Track 
diagnostics 
more difficult 
[9 -]. 
 
Rail dampers 
coming loose 
may affect 
safety [1-]. 

Higher capital costs [9-] 
 
Higher maintenance 
costs due to shorter? 
MTTM [1-] 

Insertion losses varied 
over the different 
investigating studies: 
2-4 dB 
2.5 dB 
0.7-1.5 dB [3+] 
 
In CH only effective in 
B70 sleeper system or in 
situations with soft rail 
pads (the latter 
currently only on the 
NBS line and not noise 
relevant). [9+] 
 
Impact of rail dampers is 
found to be low if TDR 
was initially high (In CH 
TDR is high in most cases 
thanks to stiff rail pads) 
[1+] 
 

Rail dampers have next 
to no impact on ground 
vibrations [0] 
 

Remarks: Rail dampers are installed to damp rail vibrations above the rail resonance. Rail 

dampers change the rail modes (pinned-pinned mode) and add new ones. They also increase 

rail mass and lower the rail resonance frequency (increases noise up to former resonance 

frequency). Note: SBB tested rail dampers for several years and currently does not 

recommend their use. 

3.1.3 Under sleeper pads 

Considerations: Protect ballast, decouple track system from environment: Ground-borne 

noise reduction in limited and less important frequency range (appr. > 50 Hz)/compensation 

of locally inhomogeneous conditions: e.g. transitions between different construction types, 

between embankment and bridges as well as at level-crossings. Reduction of long pitch 

corrugation in narrow radius curves. 

 RA M S LCC Noise Ground vibrations 

 MTBM 
decreases so 
availability 
increases [3+] 

No influence 
because USP is 
made a little 
smaller than 
the sleeper 
itself to avoid 
tamping 
problems [0] 

No influence, 
or increased 
side stability 
[0/1+] 

Higher capital costs (AT:  
740 versus 700 euro/m 
for track renewal) [1-] 
 
Lower maintenance 
costs, increase MTBM 
(tamping cycle is 
doubled), service life is 
25% more [9+] 
 
Lifetime of USP is still 
unknown since they have 
not been applied for a 
very long time yet [+/-] 
 

Increase in noise 
emissions by 1 to 4 dB 
largely in the 200 to 
1000 Hz frequency range 
[3-] 

Reduction up to 20 dB 
above the vehicle on 
track resonance 
frequency [9+] 
 
Often increase in 
ground-borne vibrations 
below vehicle on track 
resonance frequency [1-] 
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Remarks: Tamping intervention cycles may increase in the transition zone. Inconsistent 

findings on lateral track resistance 

3.1.4 Stiff rail pads 

Considerations: Less noise/increased ground vibrations; higher lateral rail stiffness 

 RA M S LCC Noise Ground vibrations 

 MTBF 
decreases [3-] 

No influence 
[0] 

Higher lateral 
rail stiffness 
[3+] 

Hard rail pads have 
longer lifetimes [3+] 
Higher stress on sleeper 
[3-] 

Hard pads most notably 
lower the noise in the 
frequency range 300-
1600 Hz (increased TDR) 
 
Noise decrease of 
approximately 2-5 dB 
[9+] 

With harder pads more 
vibrational energy is 
transferred into sleepers 
and ballast  
 
Insertion gain of 5-15 dB 
in frequency range (60-
200 Hz) [3-] 
 

Remarks: Rail pad stiffness determines the rail resonance frequency. Rail pad dynamic 

stiffness changes with: Static stiffness (linear), Load (increase), Frequency (increase), 

Temperature (decrease), Age (?). Note: Stiff rail pads are current practice on the SBB 

network. 

3.1.5 Soft rail pads 

Considerations: More noise/less ground vibrations; higher on vehicle comfort; protection of 

sleeper 

 RA M S LCC Noise Ground vibrations 

 MTBF 
increases [3+] 

No influence 
[0] 

Softer pads 
allow more 
lateral 
movement of 
the rail [3-] 

Reduction of track 
component/sleeper 
damage: longer sleeper 
lifetime  [3+]  
 
softer pads have shorter 
lifetime [3-] 

Soft pads shift the rail 
resonance to lower 
frequencies thereby 
enhancing noise 
 
Increase in noise 
between 500 Hz and 2 
kHz by 2-5 dB [9-] 

Insertion losses of 5-15 
dB in limited frequency 
range (60-200 Hz) [3+] 
 
Below the vehicle on 
track resonance 
frequency the Ground 
vibrations were 
enhanced! [1-] 
 

Remarks: Rail pad stiffness determines the rail resonance frequency. Rail pad dynamic 

stiffness changes with: Static stiffness (linear), Load (increase), Frequency (increase), 

Temperature (decrease), Age (?). Note: Stiff rail pads are current practice on the SBB 

network.  

 

3.1.6 Rail pad damping 

Considerations: Increases track decay rate; difficult to adjust as an individual parameter 
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 RA M S LCC Noise Ground vibrations 

 No influence 
[0] 

No influence 
[0] 

No influence 
[0] 

May be difficult to 
achieve without 
affecting stiffness 
Reduced lifetime (in 
curves) [-] 
 

Numerical results show 
an improved situation 
for noise with higher 
damped rail pads [+] 

Higher damping should 
also benefit the 
mitigation of Ground 
vibrations [+] 

Remarks: Dynamic stiffness increases with damping. Damping is effective for vibrational 

modes of the rail with displacements at the rail seat. Longitudinal shearing modes of the rail 

wear the rail pad. 

3.1.7 Enlarged (heavier) rail profile 

Considerations: Heavier profile for larger axle loads and/or traffic intensity; higher rail 

stiffness means less amplitude in the vibrations (partially compensated by enlarged surface 

area). Higher mass lowers second cut-on frequency. 
 RA M S LCC Noise Ground vibrations 

 MTBCF 
increases [3+] 

Change of 
equipment on 
a line with 
mixed profiles  
[1-] 

Margin for 
lifetime, 
resistance 
against 
fatigue [3+] 

Higher capital costs [3-] 
Longer life and higher 
availability when applied  
at same traffic intensity 
[9+] 
 

Comparison of VA71b to 
UIC 60E1 resulted in 
average reduction of 1.5 
dB [1+] 

Higher impedance of 
track and less 
displacement in the soil 
[+] 

Remarks: Test did not just change the rail profile, but also the rail pads. The true effect may 

therefore be uncertain. 

3.1.8 Hardened rail head 

Considerations: Intrinsic resistance against RCF damage, rail hardening reduces the 

roughness growth rate so low roughness remained longer 

 RA M S LCC Noise Ground vibrations 

 Larger stress 
resistance: 
MTBF 
increases [9+] 

May affect 
ease of 
welding and 
hence MTTM 
[1-] 

Postpone 
and/or reduce 
growth rate of 
head-checks 
[9+] 

Higher capital costs 
[9/3-] 
 
Decrease preventive and 
corrective maintenance 
costs and increased 
lifetime [3/9+] 
 

Comparison of VA71b to 
UIC 60E1 resulted in 
average reduction of 1.5 
dB [1+] 

Less rail head defects 
and overall roughness 
reduce Ground 
vibrations [+] 

Remarks: Longer grinding times required and grinding marks don’t wear off as fast 
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3.1.9 Resilient direct rail fastening 

Considerations: Less coupling to the sleeper, therefore lower ground vibrations but more 

noise due to deceased rail decay rate. 

 RA M S LCC Noise Ground vibrations 

 MTBF lower 
than for 
conventional 
fasteners [-] 

Special 
machines 
required for 
maintenance  
[3-] 

No influence 
[0] 

Higher capital costs [3-] 
 
Lifetime effects 
unknown [+/-] 

Less damping of the rail 
as there is no additional 
rail pad 
Low rail resonance 
frequency [-] 

Pandrol Vanguard system 
was found to have an 
insertion loss of 5-10 dB 
above 40 Hz for metro 
type trains [3+] 
 

Remarks: High preload fastening systems show better TDR results and should have less noise. 

3.1.10 Mono-block concrete sleepers 

Considerations: Mono-block sleepers help to keep the gauge; less ballast crushing as with bi-

block sleepers; stiffer than wooden sleepers; High concrete mass lowers sleeper resonance 

thereby enlarging stop band up to the rail resonance. Prolonged lifetime and higher load 

capacity versus wooden sleepers 

 RA M S LCC Noise Ground vibrations 

 MTBF is better 
[+] 

Wooden 
sleepers allow 
repairing, 
concrete is 
not repairable 
[3-] 

More stable 
track system 
[3+] 
no fire hazard 
[3+] 

Lower capital costs [+] 
 
In general longer 
lifetime [+] 
 
Quicker ballast 
degradation, requiring 
more frequent tamping 
[-] 
 
Sleeper itself requires 
less maintenance [+] 
 

Decreased noise in the 
frequency range 200-700 
Hz by 2-5 dB versus 
wooden sleepers  
 
Enlarged stop band 
(TDR) between sleeper 
resonance and rail 
resonance [3+] 

Higher mass than 
wooden sleepers 
therefore lower track 
resonance frequency and 
decreased ground-borne 
noise [+] 

Remarks: Mono-block sleepers exhibit modes that make the two rails a coupled system (with 

n-phase and anti-phase modes) Note: Mono-block concrete sleepers are the most common 

sleeper type in noisy areas. Bi-block sleepers are rare in Switzerland. 
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3.1.11 Mono-block wooden sleepers 

Considerations: More flexible and resilient than concrete sleepers (no rail pads required); 

Cheaper but with a shorter lifespan; Less fragile to critical failure; repairable 

 RA M S LCC Noise Ground vibrations 

 undetermined  undetermined undetermined Side stability is lower 
due to lower weight. 
Rail buckles out [3-] 

Increased noise in the 
frequency range 200-700 
Hz by 2-5 dB versus 
concrete sleepers  
 
Higher vibration 
amplitude on sleeper 
means higher noise 
radiation 
3 dB higher noise than 
with bi-block sleepers 
[3-] 
 

Lower mass than 
concrete sleepers 
therefore higher track 
resonance frequency and 
increased ground-borne 
noise [-] 

Remarks: none 

3.1.12 Mono-block wide concrete sleepers 

Considerations: Less ballast crushing than standard concrete sleepers; higher axle loads; 

better stress distribution on ballast 
 RA M S LCC Noise Ground vibrations 

 undetermined Tamping 
might be 
hindered or 
use of specific 
tamping 
machines is 
necessary [-] 

undetermined Higher capital costs [-] 
 
When resulting in 
greater stability, less 
tamping is required [+] 

B06 wide sleepers are 
comparable to wooden 
sleepers, if they are 
combined with stiff pads 
[3-] 

B06 wide sleepers had 
overall higher ground 
vibrations; up to 10 dB 
in the frequency range 
below 20 Hz and above 
80 Hz compared to 
wooden sleepers [1-] 
 

Remarks: The increase in ground vibrations from wide concrete sleepers above 80 Hz in 

comparison to wooden sleepers is likely due to a higher track resonance frequency. 

3.1.13 Increased ballast depth 

Considerations: Decrease vibration propagation, increase sound absorption? Increased mass 

will shift track resonance frequency in combination with UBM 
 RA M S LCC Noise Ground vibrations 

 More 
settlement 
due to 
movement of 
the ballast in 
horizontal 
direction, 
MTBF 
decreases [-] 
 

undetermined undetermined Higher capital costs [-] 
More ground usage [-] 

A net mitigation in the 
form of a change in 
absorption due to a 
frequency shift was 
found for increased 
ballast depth from 
rescaled laboratory 
measurements in a 
reverberation chamber 
[1+] 

More resilience from 
ballast bed reduces 
track resonance 
frequency and lowers 
ground vibrations [+] 

Remarks: none 
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3.1.14 Under ballast mats (UBM) 

Considerations: Applied in situations where the substructure is rather stiff; Isolation of 

ground vibrations; Protection of surroundings against vibrations; Reduction of secondary air-

borne noise of bridge structures; requires side support of ballast; reduces track degeneration 

by preventing settlement 
 RA M S LCC Noise Ground vibrations 

 No influence 
for the track 
system itself 
[0] 
More 
maintenance 
in transition 
zones [1-] 

No influence 
[0] 

Allegedly 
reduced 
ballast 
stability 
without side 
support [0/1-] 
can be altered 
also by ballast 
mat geometry 
design [0] 
 

Higher capital costs (also 
due to side support) [9-] 
 
Reduction of ballast 
depth in tunnels and on 
bridges/viaducts [3+] 
 
Reduction of ballast 
degradation and hence 
ballast maintenance [+] 

No influence [0] Insertion losses of 5-10 
dB for frequencies larger 
than 30 Hz [3+] 
 
At times an insertion 
gain is seen at the new 
track resonance 
frequency! 

Remarks: In comparison to USP and soft rail pads the UBM is able to suspend (dynamically 

isolate) larger part of the mass in the track system 

3.1.15 Soil improvement 

Considerations: Improve stability so good track alignment is maintained longer 

 RA M S LCC Noise Ground vibrations 

 No influence if 
tamping is 
done outside 
period of 
availability 
[0],  
 
otherwise a 
slight positive 
effect [1+] 
 
Remove speed 
restriction for 
badly drained 
zones [9+] 
 

No influence 
[0] 

No to little 
positive 
influence [1+] 

Higher capital costs 
[new track: 3-, existing 
track: 27-] 
 
Maintained track 
stability reduces 
maintenance costs [+] 

No impact as long as 
track stability is 
maintained [0] 

Numerical examinations 
suggest that subgrade 
stiffening or a wave 
impeding block can give 
insertion losses of 5-10 
dB. [+] 

Remarks: none 
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4 
 
Important knowledge gaps 

Just as important as the listing of the literature findings and expert knowledge is the 

identification of the knowledge gaps. We found that the knowledge gaps could be ordered in 

three categories which are described next.  

The first category includes all missing and uncertain knowledge regarding the performance 

and interdependency of optimizations done on the basis of changing individual track 

components.  

The second category relates to knowledge gaps in the overall track optimization.  

While the first two categories describe the lack of knowledge for optimizing a given situation 

with the tools already available to us, the third category reflects the missing potential in the 

optimization process towards the optimum. As this may include yet undeveloped track 

components, layouts and services the number of knowledge gaps in this category is infinite. 

Nonetheless, listing ideas and theories here helps future designs of computational modeling, 

laboratory experiments and field tests that may proof just as valuable for an overall 

optimization as the filling of knowledge gaps for existing systems. 

 

From the complete compilation of knowledge gaps identified from the literature study, 

expert interviews, the Go-Leise workshop and internal discussions within the group of the 

consortium members and SBB a shortlist of important knowledge gaps was drafted. The 

decision process for obtaining the most important knowledge gaps was achieved by raising a 

vote in a group of experts for a number of subclasses of knowledge gaps. The subclasses 

where formed of five sets of knowledge gaps related to a specific track component and the 

three other sections of knowledge gaps. In a first step the five track components with the 

strongest impact on all of the Go-Leise parameters RAMS, LCC, noise and vibrations were 

chosen in a voting to be 

 

 Rail roughness 

 Under sleeper pads 

 Rail pad 

 Rail fastening system 

 Sleeper 

 

For all of those a poll was held to identify the corresponding most important knowledge gap, 

as was also done for the knowledge gaps regarding data collection and optimization, statistics 

and designing of experiments and new/innovative ideas.  
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The knowledge gaps identified this way are part of the very basis for next steps in the Go-

Leise project. It stands clear that the gaps chosen from a vote will not necessarily form the 

complete set of gaps to be filled to proceed with an optimization, but rather a starting point 

from where to evolve the holistic optimization approach. 

 

In the following all the selected gaps are shortly addressed with the aim to clarify what the 

actual gap is, which milestones are to be reached in order to fill the gap and what approaches 

may be used for it. In terms of an estimated time and money requirement they are rated as: 

 

 Low: half a year, less than CHF 100’000 

 Medium: One year, less than CHF 500’000 

 High: 1 – 3 year, less than CHF 1’000’000 

 Very high: More than 3 years, more than CHF 1’000’000 

 

There is also a short proposal for actions and next steps to be taken. 

 

4.1 Rail grinding 

4.1.1 Roughness monitoring 

From 2020 a rail roughness monitoring system will be implemented by SBB. This is a legal 

obligation under the revised Bundesgesetz zur Lärmsanierung der Eisenbahnen (Federal law 

on the noise mitigation of railways). This system will represent an important contribution to 

the optimization of the grinding strategies and methods of the Swiss railway network. The 

optimization might be in terms of grinding speed, frequency, cycles, rotational or longitudinal 

grinding etc. The system is expected to deliver data on the variance of rail roughness 

achieved along a larger rail section. So far, this was deemed an uncertainty that could 

possibly be come by from a monitoring of rail roughness in noise hot spots or even the entire 

railway network. As to measuring the roughness in a monitoring system it was agreed upon 

that the impact of the variance of the roughness across and along the rail head should be 

taken into account in particular on lines with mixed traffic.  

 

Rail roughness monitoring is already being practiced i.e. in the Netherlands as well as in 

Germany. The monitoring thereby is obtained from measuring of a roughness related property 

(such as noise or axle accelerations) from a moving test vehicle and assuming a direct propor-

tionality to the roughness profile of the rail running surface at any time. If the functional 

relation between this measured property and the contributions from the rail roughness to the 

total effective roughness is approximately the same for all sorts of track conditions (yet 

similar track design) the method may be calibrated to yield approximate roughness values. 

The obtained quantity is the roughness relation to the actual wheel/rail contact for the test 

vehicle. If the rail roughness strongly differentiates across the rail head, the results may be 

different for different test vehicles, running speeds and wheel conditions. 
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To finally arrive at an optimal grinding strategy different grinding methods (conventional 

grinding with a rail head smoothening finish as well as acoustic grinding) should be tested and 

comprehensively compared to each other. Grinding companies should be involved to optimize 

this process for the specific SBB requirements. As different parts of the network will demand 

different degrees of treatment due to being in a more or less noise sensitive surrounding, the 

overall optimization in the network could be done on the basis of RAMS and LCC values. 

 

Suggested actions: Initiate a rail roughness monitoring pilot project, where different 

monitoring possibilities are compared and calibrated for different situations. Together with 

point 5.1.2 determine an optimal grinding strategy, taking RAMS and LCC into account. 

 

Cost/time requirement: Cost low, time high  

 

4.1.2 Roughness growth rates 

The roughness growth rate stands out as the determining parameter to the optimization of 

the grinding strategy. The mechanisms that drive the roughness growth rates are still not fully 

understood, partially due to a lack of complete and reliable data. It could therefore become 

necessary to look at roughness growth rates in the SBB network and look for dependencies on 

axle load, type of traffic, speed, track dynamics and materials etc. If relations can be drawn 

it could become possible to transfer the strategy from one location to other parts in the 

railway network without having to go through the tedious process of the optimization again. 

 

To obtain complete and reliable data it may be necessary to not just measure the rail 

roughness in test sections but also to record all possibly related parameters (all traffic related 

ones such as speed, load, type of traffic, wheel conditions etc. as well as track related ones 

such as track dynamics and stiffness of pads, ballast, soil or even the condition of the rail 

fastening). These measurements should be done over a timeframe of several years, where the 

same locations are measured in regular intervals. A similar project was conducted in the 

Netherlands in the (rather far) past. The set up and results of this study can be used as a blue 

print.  

 

Suggested actions: Initiate a rail roughness monitoring project as suggested in 4.1.1. To 

derive dependencies choose a number test sections at which additional parameters are 

determined. 

 

Cost/time requirement: Cost medium, time high to very high 
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4.2 Under sleeper pads (USP) 

4.2.1 Cause of noise increase with USP 

The installation of under sleeper pads is often the cheapest by far of all mitigation measures 

for ground-borne noise and vibrations. However, tests with (soft) USP in the SBB network 

showed a clear increase in airborne noise, whereby the cause of this noise increases is as yet 

undetermined. By far the largest hot spots for ground-borne noise and vibrations are also 

sensitive to airborne noise and hence a noise increase without additional mitigation is often 

inacceptable. Explaining the root of the increased noise emissions will help to design reliable 

and cost effective counter measures for vibrations.  

 

Tests with USP in the Swiss railway network could be repeated recording additional 

information such as sleeper and rail vibrations and TDR alongside the ground vibrations and 

noise. Ideally this is done for a large variety of USP (different stiffness, damping and track 

configurations) and at several locations to rule out dependencies from hidden local 

parameters. It should then also be studied how the USP performance is affected by the other 

resilient track elements (mainly the rail pad). If indeed the change in support stiffness for the 

sleeper causes an increase of its excitation (either in amplitude or by shifting the frequencies 

of dominant sleeper modes), possible measures would have to be focused on the sleeper 

surface area that radiates the noise (i.e. change of sleeper surface profile, covering of the 

surface, damping of the sleeper etc.) or on trying to optimize the supporting stiffness 

configuration of rail pad, USP and ballast stiffness (i.e. by having softer rail pads and harder 

USP – although the softer rail pads may increase noise contributions from the rail as it shifts 

the rail resonance frequencies to lower frequencies).  

 

Suggested actions: Set up test tracks with various USP sections and reference sections. 

Measurement of noise and ground vibrations alongside velocity levels on the sleepers. 

Different configurations of USP and rail pad stiffness (and damping) should be tested. In 

parallel some advanced noise calculation model could be used to first quantify the validity of 

its predictions with USP and then perform a full parametric study to narrow down the number 

of configurations to the most promising ones. 

 

Cost/time requirement: Cost medium, time medium (high with LCC) 

 

4.3 Rail pad 

4.3.1 Characteristic rail pad properties and their determination 

The rail pad is a key component to track dynamics. It has a certain characteristic behavior 

when built into a track system which it mainly draws from its dynamic stiffness and damping 

properties. However, these properties are not intrinsically bound to the rail pad but will 

change with thickness, size, material composition, design, preload, axle load, temperature, 

frequency of the excitation and possibly age. It is therefore important to standardize the test 
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procedure for rail pads in a way that their predetermined characteristic properties (such as 

dynamic stiffness and damping) relate to their performance in the track. 

 

As different laboratory testing methods exist to determine dynamic stiffness and damping of a 

rail pad the variance of the test procedure and viability of test setups should be investigated. 

Ultimately only testing methods and procedures should be used that are guaranteed to give 

comparable results. In parallel an indirect determination of the elastic decoupling of rail and 

sleeper could be aimed at for in situ measurements (i.e. by determining transfer functions 

from rail foot to seat on the sleeper and average surface vibrations along the rail web foot 

and head). The development of an in situ method has the benefit of being relatable to the 

actual track performance and the operational state may more easily be mimicked. In 

particular the loaded track situation could be tested either with an excitation from train 

pass-byes or from force excitations in conjunction with a parked train. However, the relation 

of the measured parameters to the properties of only the rail pad would then have to be 

evaluated versus laboratory tests, as there will likely be other factors (such as the rail 

fastening resilience, preload etc.) playing a role in the in situ measurements. Any relations 

that can reliably be drawn between a standardized laboratory testing and in situ performance 

will significantly improve the communications with rail pad manufacturers, as requirements 

may clearly be formulated and future rail pad developments are given a goal. 

 

Suggested actions: Step 1: Setup a laboratory test campaign to determine static/dynamic 

stiffness and damping (e.g. according to ISO 10846). See how comparable results are and how 

they match with manufacturer information. Step 2: Initiate test track measurements with 

different rail pads and relate laboratory results to field test by comparing TDR but also 

transmission losses to the sleeper. As preload may have a severe impact on the results, in-situ 

measurements may have to be done with a standing train that loads the track. This project 

should include an assessment method for the impacts of different rail pads on RAMS and LCC. 

 

Cost/time requirement: Step 1: Cost medium, time medium. Step 2: Cost high, time high 

4.3.2 Load and frequency dependent stiffness design 

To improve ground-borne noise and vibrations and noise likewise it would be beneficial if the 

stiffness of a rail pad were designed to be frequency dependent and (inversely) load 

dependent. Moreover a low stiffness at low frequencies would be desirable to mitigate ground 

vibrations and a high stiffness at high frequencies for a high rail resonance and a good 

structural damping of the rail should be aimed for together with low stiffening under load.  

 

The required frequency characteristic is already being obtained in standard rail pad materials 

and designs as dynamic stiffness generally increases with frequency however the potential is 

likely not exhaustively explored. The main factor in this stiffening at higher frequency cyclic 

loading is the damping (or loss factor); it could therefore be beneficial to have more resilient 

pad materials and larger contact areas to rail and sleeper alongside a high intrinsic damping 

of the material (effective damping scales with the volume of material under displacement). 
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From this perspective a design of softer rail pads from hard pad materials and limited contact 

areas is not ideal. Geometric designs should focus on optimizing heat transfer (for longer 

durability of the pad), low overall load response and high damping ratios. Entirely new 

material (new to the railway sector) could be tested in the process. 

 

Suggested actions: Setup a project to develop an optimized rail pad possibly using new 

materials and/or a new designs using the approaches defined in 4.3.1. This project should 

include an assessment method for the impacts of different elastic properties on RAMS and 

LCC. It is questionable whether such a project could be set up, as it would require 

manufacturers to be involved. Given their commercial interests these would only be willing to 

collaborate as far as the project has a pre-competitive character and outcome.  

 

Cost/time requirement: Cost very high, time very high 

 

4.4 Rail fastening 

4.4.1 Ideal dimensions of the rail fastening 

The rail fastening system keeps the rail and sleeper coupled, prevents rail roll and may also 

add resilience in lateral direction. If the fastening cannot keep the rail and rail seat on the 

sleeper in parallel the performance of the rail pad is diminished (the same would be true for 

abrasion of the rail seat). The dimension of the fastening system may therefore play a role 

and particularly if larger sized rail pads should be tested (i.e. on wide sleepers) the number 

of fixation points should be increased. If a loss in stiffness from reduced contact area of rail 

and sleeper turns out to be important, the rail fastening / rail pad systems ability to 

compensate sleeper mode excitation may also be crucial. 

 

Suggested actions: Start a project in which the fastening system is optimized and tested. 

This can include using new materials and changes in the design. With respect to the 

participation of manufacturers see remark in the previous section.  

 

Cost/time requirement: Cost very high, time very high 

 

4.5 Sleeper 

4.5.1 Characteristic sleeper properties 

The main characteristic property of a sleeper is its mass in the simplified models for rail noise 

and vibrations. Additionally the sleeper has a shape that plays a role in the noise radiation 

from the sleeper itself, a bending stiffness that determines its modes and a damping. 

Generally the sleeper contribution to the track noise is disregarded above the rail resonance. 

In the factor X project however, a strong correlation of track performance (track decay rate) 

to the sleeper type (B70/B91) was found. Although the mechanisms that cause the difference 
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in track decay rate are largely undetermined, a possible cause may lay in the coupling of the 

track to the sleeper dynamics (modes) above the pinned-pinned frequency. As both sleeper 

types have almost similar weight and designs, one should also look at additional properties 

such as prestress and structural damping for future comparisons with different sleeper types. 

Testing for sleeper modes in the track is possible via acceleration sensors, whilst construction 

based properties should be asked for from the manufacturer.  

 

A new sleeper design should be constructed such that it ideally has a high internal damping 

although this may require new sleeper shapes, materials and/or a layered construction. If a 

combined (layered) construction is chosen, some of the elastic properties of the rail pad and 

USP could be transferred to the sleeper. Its vertical dynamic stiffness should then again be 

low at low frequencies and high at higher frequencies. 

 

Suggested actions: Step 1: Setup a test campaign to compare vibration levels (displacements) 

on available sleepers in a comparable track surrounding. Testing may be done in-situ from 

train pass-byes and hammer excitation. Compare to dynamics of isolated sleeper and see if 

dependencies can be drawn to pre-stress, age, etc. Step 2: Project in which new sleeper 

designs are developed and tested. 

 

Cost/time requirement: Step 1 Cost medium, time medium. Step 2: Cost very high, time very 

high 

 

4.6 Data collection and optimization 

4.6.1 RAMS and LCC data collection 

There is limited historical data available particularly for a RAMS analysis; some data is even 

lacking at all, like the costs for inspection etc. For a full and comprehensive optimization that 

data is needed. Therefore the registration and collection of RAMS related data must be 

started right away and the necessity for this has to be communicated to all being involved. In 

a sense the same goes for LCC data, where a lot of data is hidden or obscured due to the fact 

its collection did not follow a standardized scheme. 

 

Suggested actions: Step 1: Define what data is required and look for available data that can 

be (re-)used. Step 2: Start an infrastructure data collection project that uses clear definitions 

for necessary data for RAMS and LCC the optimal way this should be obtained.  

 

Cost/time requirement: Step 1 Cost low, time low. Step 2: Cost medium, time medium 

 

4.6.2 Optimal renewal point for track/components 

The question of what the optimal renewal point would be for a full track or track components 

is directly related to the question on how good existing rules are. This may only be answered 
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from consistent and permanent monitoring of the track condition. Reference track sections 

could be chosen to start a representative study for parametric dependencies of the track 

decay. The assumption is that it will depend on the specifics of a track design paired with the 

type, speed and load of the traffic, but also on local parameters such as the subgrade (soil), 

the risk of hazard related damage and on maintenance (tamping, rail grinding, wheel 

condition etc.). 

 

Suggested actions: Initialize project, in which existing rules on component or whole track 

replacements are tested. This could be done with a “big data” analysis of track diagnostics 

data paired with renewal times of components or tracks. 

 

Cost/time requirement: Cost medium, time medium 

 

4.6.3 A function to describe the track performance 

Another question that came up in the holistic optimization approach of Go-Leise was, 

whether a function could be formulated for the optimization. Such a function would have to 

yield a result that directly relates to the track performance (in terms of RAMS, LCC, noise and 

vibrations). The follow up question is then what needs to go into it. There are some obvious 

existing functions related to track performance that could be tested for the holistic Go-Leise 

approach. 

 

Another possible approach would be a scaling function that relates track performance to the 

relevant parameters of the Go-Leise project (RAMS, LCC, noise and vibrations). The function 

could i.e. be cast into the following form: 

 

𝑇𝑃𝐼 ~ (1 + 𝑅)𝑞 ∙ (1 + 𝐴)𝑡 ∙ (1 + 𝑀)𝑢 ∙ (1 + 𝑆)𝑤 ∙ (1 + 𝐿𝐶𝐶)𝑥 ∙ (1 + 𝑁)𝑦 ∙ (1 + 𝑉)𝑧 

 

𝑇𝑃𝐼  Track Performance Indicator 

0 < 𝑅 < ∞ Reliability as mean time between failures 

0 < 𝐴 < ∞ (un-) Availability as delay time per million kilometers 

0 < 𝑀 < ∞ Maintainability as annual closure time due to maintenance 

0 < 𝑆 < ∞ Safety as mean time between safety system failures 

0 < 𝐿𝐶𝐶 < ∞ Life Cycle Cost as sum over all direct and indirect costs per meter and hour 

related to investments, renewal, preservation etc. 

0 < 𝑁 < ∞ Noise in dB at 7.5 m from track above a local threshold level 

0 < 𝑉 < ∞ Ground Vibrations in dB at 8 m from track above a local threshold level 

0 < 𝑞/𝑤 As scaling exponents of positive effects 

0 > 𝑡/𝑢/𝑥/𝑦/𝑧 As scaling exponents of negative effects 

 

The scaling exponents introduce a weighting in the relation that would have to be determined 

empirically. Additionally a weighting and/or normalization could already be performed on the 

input parameters. 
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Alternatively a direct utilization of the rating values from the impact tables seems plausible. 

The weighting is then already been done in the MCDA factoring. Also more complex 

approaches may be taken such as probabilistic ones or others that aim at also incorporating 

some of the physical mechanisms involved in the decay of the track (which would likely mean 

a modeling of track dynamics and failures in conjunction with a virtual fleet for long time 

studies). 

 

Suggested actions: Case 1: Determine if existing functions for track performance exist and 

whether they can be enhanced with missing elements as well as noise and vibrations. The aim 

could be a single number index. Case 2: Formulate a function as i.e. done above and find the 

relevant physical relations from existing data (literature research) and field tests. A weighting 

must additionally be applied to reflect (local) likings and requirements. 

 

Cost/time requirement: Case 1: Cost low, time low. Case 2: Cost medium, time medium 

 

4.6.4 Aging effects 

It was found from the discussions and interviews in the Go-Leise project that aging is often 

disregarded or not accounted for. The discussion was mainly on rail pads as it was suspected 

that their dynamic stiffness could have changed over time, but aging of material of the track 

generally is an important parameter for all parts since it changes for example the probability 

for material failure, hence being a key component to RAMS and LCC.  

 

Often the manufacturing companies will have performed stress tests on their products that 

will generally include tests for aging i.e. by applying the expected number of loading times 

for the next 10 or even 100 years in a laboratory setup over a much shorter period of time. 

The component’s characteristic features are measured before and after the tests and the 

differences are taken to be the result of aging. This however implies that the correct 

properties were measured, the setup was able to mimic the in track dynamics and all other 

types of degradation such as corrosion or evaporation of solvers. Additionally, when 

comparing products from different manufacturers which all had their own test methods, it is 

important that these methods will actually yield comparable results. Standardized test 

procedures will enhance the comparability while tests for aging would have to be validated 

from real track usage (i.e. by removing samples for laboratory testing at certain time steps). 

 

Suggested actions: Step 1: Look for or develop an aging test that simulates real track usage 

under laboratory conditions either component wise or for larger parts of the track. Step 2: for 

validation purposes, start a project that compares aging from real track usage to the 

estimated effects of laboratory tests. The superficially aged products could also be used in 

tests for noise, vibration and asset management performance, either under laboratory or real 

life conditions. 
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Cost/time requirement: Step 1: Cost medium, time medium. Step 2: Cost high, time very 

high 

 

4.7 Statistics and design of experiments 

4.7.1 Guidelines for tests in the rail sector 

There is usually a high variability in the results from tests with track components. There is no 

consensus on a guideline or set of standards to be used for testing components in the railway 

sector so that reliable results can be achieved in light of this variability. Such a guideline 

would include suggestions for design of experiments (including methods to determine the 

number of replicates) and statistical tests. 

 

Before a general guideline can be written it must be agreed upon what parameters are the 

important ones, however they themselves must be determined from case studies including 

experimental field tests. A stepwise approach hence seems reasonable, where in a first step 

key parameters are identified which to our current understanding play a dominant role in the 

evaluation and optimization of the track. The performance of a track with a certain measure 

or in a certain state could then be evaluated with respect to these key parameters. 

In-situ tests could have the following key parameters to be determined:  

 Noise: A-weighted, equivalent sound pressure level at the ISO 3095 standard position 

(sideways in a distance 7.5 m from the center of the nearest track 1.2 m above the 

rail head). The sound pressure levels must be acquired as 1/3 octave band spectral 

information.  

 Vibrations: equivalent velocity level at the reference position defined in the RIVAS 

project (sideways in a distance of 8 m from the center of the track on a ground 

spike). The velocity levels must be acquired as 1/3 octave band spectral information. 

If no soil properties are determined there should be additional measurement points 

at 16 m and 32 m respectively. 

 TDR: according to EN 15461 

 Rail roughness: according to EN 15610 

 Soil: according to DIN 45672 

 

For many of the components used in the rail sector guidelines exist and for some even 

standards exist that describe the way information is to be obtained about them. Variability 

however may still be found in the evaluation or comparison of data as it has multiple causes 

and not all of them must have been addressed in the guidelines or standards. The major 

reasons for uncertain results are given below 

 Test method (sub-optimal method) 

 Test procedure (misapplication or erroneous handling of an otherwise correct 

method) 

 Equipment (sub optimal or non-standardized choice of measurement devices and 

tools for data collection) 
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 Local boundary conditions (interactions not considered as to ground, weather, track 

condition, buildings, flora etc.) 

 Local variances (such as the roughness across and along the rail) 

 Quality of test object (variance in the quality of products) 

 Wrong or incomplete design of experiments (e.g. not enough repetitions) 

 Badly formulated hypothesis. 

 Statistics (averaging of incomparable sets of data or a wrong weighting, 

inappropriate statistical tests) 

 Analysis (erroneous tools or choices in the post processing) 

 Conclusions (wrong conclusions can be drawn due to lack of information/unknown 

parameters) 

 Preconceived conclusions leading to discarding of unfitting data points. 

No experiment or investigation will produce an absolute result for a given task within a finite 

time; therefore the aim of a guideline must as well be to minimize the uncertainties whilst 

keeping test procedures manageable and costs acceptable (i.e. include statistical uncertainty 

analysis of the final result)  

 

Variances from the testing itself may be minimized by verifying if the method, procedure, 

equipment and analysis tools are the correct ones to use. The uncertainties to local boundary 

conditions can only be addressed by either reusing the same test environment or by a careful 

recording of boundary conditions and a later reassessment of their impact. Finally the 

variation obtained from the spread in quality of test objects, local variances and erroneous 

statistics is improved by 

a. Averaging over repetitions for the same measurement point. 

b. Repeating the test procedure on distinct yet related positions (i.e. measuring rail 

roughness on additional lines within the running band and/or some distance down 

the track) 

c. For individual samples more than one sample should be tested 

 

As many of the track components underwent stress testing from the manufacturer the 

procedures for product specification should be standardized or at least be made comparable. 

It must also be made certain, that the correct properties for the evaluation of the 

performance of a track component are being supplied (see also 4.6.4). 

 

Suggested actions: Compile a comprehensive design of experiments guideline for the field of 

noise and vibrations that combines statistical modeling and design of experiments expertise 

combined with engineering and noise measurement experience. 

 

Cost/time requirement: Cost low, time low 
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4.7.2 Test track design 

Implementation of specific test track sections for comparability and known boundary 

conditions requires a definition of criteria, an analysis of possibilities (taking into account 

e.g. representativeness, easy access), possibly validation measurements on test sections and 

choice. It will also be necessary to make sure that no track renewal or other changes are 

foreseen during the time the test track is in use.  

 

Suggested actions: Define criteria for test track sections. Analyze possibilities and make a 

choice of one or several possibilities. 

 

Cost/time requirement: Cost medium, time medium 

 

4.8 New/innovative ideas 

4.8.1 Alternative track layouts 

A non-discrete (or even random) pattern of the track layout could prevent the formation of 

clear pass- and stop bands for wave propagation in the rail and hence noise and the strong 

parametric excitation in a narrow frequency band for ground vibrations. This non-discrete 

pattern could for example be achieved with varying sleeper spacing or – if the spacing is kept 

the same – by randomly changing the geometry (e.g. width) of the rail pads from one sleeper 

to the next. Rail pad pattern could be cast with random stiffness modification along the 

track. 

 

Suggested actions: Step 1: Simulate the effect of random supports and alternated stiffness in 

the track layout on noise and vibrations for all sorts of traffic. Step 2: Setup a test track with 

different stiffness configurations (rail pad) along the track and measure TDR and noise and 

vibrations from pass-byes. Compare to simulation results. Step 3: Setup test track sections 

with major changes to track layouts such as a random sleeper spacing or the usage of 

different sleepers and/or USP and rail pads. In addition the effect on asset management 

should be taken into account. Step 2 and 3 are suited to look into costs of the alternative 

track lay-outs. Step 3 would be suited to look into the effect on RAMS in more details as we 

expect this phase to run over a longer time period.  

 

Cost/time requirement: Step 1: Cost low, time low. Step 2: Cost medium, time medium. 

Step 3: Cost very high, time very high 

 

4.8.2 Friction modifiers 

The idea of applying friction modifiers primary aims at reducing wear lowering the risk of 

rolling contact fatigue due to a higher degree of elastic deformations in the wheel/rail 

contact zone. It should also help to prevent roll-slip oscillations which relate to squealing 
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noises and corrugation. Additionally it may impact the roughness formation. Particularly with 

higher axle loads and/or higher traffic the condition of the rail head gains in importance.  

 

Suggested actions: Setup a test track section with and without friction modifiers and 

measure noise and vibrations as well as rail roughness periodically over a longer time period. 

This could possibly be combined with a trial on roughness growth by using a friction modifier 

on part of a section where roughness is measured periodically. 

 

Cost/time requirement: Cost low, time high 

 

 

4.9 Knowledge and data management 

In the current Phase 1 of the project a document and data management system was 

developed for all relevant references collected for the Go Leise project. The system has also 

proposed and partially built up a database of references and data produced by the project. 

To that extent, both document management and measurement data formats were 

investigated and proposed. These will be helpful in the next phases of Go Leise, where field 

tests and experiments will be carried out. The resulting data will be stored in a standardized 

format and made available in the literature management system.  

 

For the document management or content management system, an excel based system was 

selected, on the basis of the criteria analysis presented in the following table:  

Table  1 Options for Content Management Systems evaluated along the criteria for Go-Leise 
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Standard CMS +/- - - +/- -- - -5 

Custom made CMS +/- -- -- + + - -3 

Open source CMS - + + +/- - + +1 

Office based tool + ++ ++ -- + + +5 

 

For the storage of measurement data, a format was to be developed which would also be 

based on MS Excel. The measurement data format (intended for noise and vibration 

measurement data) is based on Excel as well and is described in detail in deliverable 3c.  
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5 
Conclusions and outlook 

Phase 1 of the Go-Leise project was concluded in October 2016. Its main results are presented 

in the current report. The objective of Phase 1 was an inventory, both of existing and 

emerging knowledge on the performance of the track with respect to noise, vibrations, 

reliability, availability, maintainability, safety and cost; and of methods and measures to 

improve that performance in a holistic way. This means that one or more aspects of the 

performance are to be improved, without causing an unacceptable impact on one of the other 

aspects. Suggestions for decision support and aiding methodologies were given to help make 

the necessary “holistic” decisions in this multi-dimensional, multi criteria issue, and taking 

into account that the real decision making process generally involves a multitude of decision 

makers.  

The inventory covered relevant departments of the Swiss Federal Railways SBB, through the 

active participation of SBB experts. It also covered open literature and the knowledge 

available in the contractors for Phase 1, i.e. Müller-BBM, M+P and dBvision. In addition to 

that, renowned experts in most of the relevant fields were consulted in interviews and in a 

workshop organised by the project. As a result of this, Phase 1 was capable to deliver a 

comprehensive overview of measures and their effects, including the mechanisms behind 

these effects. In doing so, the project has contributed to a better understanding of the issues.  

 

Nevertheless, significant gaps of knowledge were identified. To a certain extent these are 

lacunae in available data, simply because data were not collected in such as way that the 

required information can be drawn from that data. This applies particularly to accounted cost 

figures for maintenance cost of the different track elements. In addition to these lacunae, 

some effects that are observed are not sufficiently understood yet to make reliable 

predictions, let alone to predict the effect of certain interventions that have not been made 

before. This applies for instance to the generation and growth of rail roughness and 

corrugation. It is clear that this is an effect of wheel rail contact, but the phenomena 

involved and their effect on the rate of roughness growth and the regeneration of roughness 

after grinding is not sufficiently understood.  

 

Phase 2 of the project was designed and intended to set up experiments in order to collect 

information that would help to bridge the knowledge gaps. Some of the effects to be studied 

are relatively slow and it therefore will take long before a significant result can be obtained. 

The corresponding experiments should be set up as soon as possible, without neglecting 

however the design phase of the experiment, in which the exact set up, the type and 

accuracy of the data to be collected, the required conditions, and the duration of the 

experiments should be carefully specified.  
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On the other hand, many quick wins could be found in simply collecting data that has not 

been collected in a systematic way before. Deciding about priorities, both in starting time 

and duration, as well as in being part of further investigations or not, is going to be an 

important and indispensable first step of Phase 2. The optimization methods evaluated in 

Task 2 of this first phase may be helpful in the process to decide about these priorities.  

 

For the consecutive phases 3 and 4, it is difficult to foresee what the content will be. Once 

sufficient data and information comes in from Phase 2, optimization processes can be tested 

both for the entire network (phase 3) and for specific spots (phase 4). Probably some kind of 

feedback loop may be necessary in these phases, where for instance additional experiments 

may be required to support the decisions made in phase 3 and 4. Thus the Go-Leise project, 

once finalised, will enable the management of SBB to build upon a holistic view of the track 

system and to continue its continuous and consistent improvement.  
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6 
Annex: List of knowledge gaps 

In the following all knowledge gaps identified within the Go-Leise project but not addressed 

in chapter 5 are listed with respect to their affiliation. The gaps were classified to relate to 

track components or individual measures or to overall issues such as data collection and 

statistics. Also added were innovative ideas.  

6.1 Impact and performance of track components 

6.1.1 Rail grinding 

1. Evaluate the usefulness of acoustic rail grinding so as to produce a comparison of 

roughness after acoustic grinding/finish to the average roughness after grinding with 

current SBB methods. 

2. Examine the impact of grinding marks in the SBB network (what is the wavelength of 

the grinding marks, how much noise do they add and how fast are they wearing off-

steel grade dependent); the result also is expected to  depend on track usage 

3. As acoustic grinding is likely to be part of the preventive grinding a cost split up for 

preventive and acoustic grinding combined is required in LCC. 

4. Grinding benefits are dependent on specific track usage, therefore the noise benefits 

will fluctuate over the SBB rail network such that an optimization will need to take 

this into account. 

5. It’s not always clear, if the measured rail roughness is the same as the roughness the 

wheels are in contact with. (Solution: measure additional lines within the running 

band) 

6. Impact of grinding on the generation of head checks. 

6.1.2 Rail dampers 

1. There are suggestions that rail dampers can interfere with roughness formation. This 

would have to be evaluated before putting rail dampers into heavy use of excluding 

them at all 

2. There are no published reports on long term costs and benefits from rail dampers 

and only little statistically usable data.  

3. Some studies show a decrease of effectiveness in time. What are the reasons for 

this? 

Note: Knowledge gaps concerning rail dampers have a low priority because after 

extensive trials SBB does not recommend their use. 
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6.1.3 Under sleeper pads (USP) 

1. There is an ongoing debate on how rail roughness and rail irregularities develop on 

tracks with USP. 

2. There is little guidance on how to adjust USP stiffness and damping to specific train 

traffic. Vehicle on track and track resonance may need to be tailored to local 

conditions. 

3. What is the benefit of USP in straight lines and how big are the costs/efforts to 

compensate for noise increase (what can be done to compensate noise increase)? 

4. Are LCC investigations from other countries i.e. Austria applicable to SBB? 

6.1.4 Rail pad 

1. There is an ongoing debate on whether the use of hard rail pads increases the 

roughness formation. This is related to the general knowledge gap about roughness 

growth rates.  

2. There are findings that report a loss of dynamic stiffness in aged rail pads while 

other studies on rubber elements show a clear increase of (static) stiffness. 

3. To improve ground vibrations and noise likewise it could be beneficial if the damping 

of the rail pad could be changed independently. 

4. There are some suggestions that higher damping may cause faster wear of the rail 

pad.  

5. As soft rail pads are often made from the same material as hard rail pads but with a 

reduced contact area the design can have an impact (air pockets, heat transfer, 

etc.). 

6. Variety of different rail pad types available from manufacturers  

7. What are the stiffness and damping ranges for rail pads (minimum/maximum values 

before damaging/running into safety issues)? 

6.1.5 Rail 

1. The impact of profile changes must be further investigated (the studies conducted 

were overall track optimizations). Noise and vibrations should be considered 

likewise.  

2. The redesign limits for rails to be used in the SBB network may be narrow.  

3. If using different rail profiles in a network there must be transition zones, the impact 

of which needs to be taken into account while judging costs and benefits.  

4. Recent experiences in Germany and the Netherlands indicate that a better steel 

grade might introduce new, previously unknown problems such as the increase of the 

number of squats. This phenomenon needs to be understood as it might have an 

enormous influence on the track condition and thus on all aspects. 

5. Impact of steel type and grade on roughness formation.  

6.1.6 Rail fastening 

1. There are reports showing a strong correlation of preload and TDR and thereby noise.  
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2. The fixation of the fastener on the sleeper can make for some of the fastenings 

resilience. 

3. It could be beneficial to have more fixation points on a sleeper and hence along the 

rail. 

6.1.7 Sleeper 

1. The importance of the coupling of sleeper modes to rail vibrations above the rail 

resonance frequency is unclear.  

2. Impact of the sleeper material (composite/wooden/concrete/etc.) on overall track 

performance must be further worked out.  

3. With composite sleepers new sleeper shapes become possible. 

6.1.8 Under ballast mats (UBM) 

1. There is a discourse about the stability and settlement with the use of soft under 

ballast mats. 

6.1.9 Ballast 

1. The difference in ballast quality (impact on track behavior) should be looked at and 

indicators should be derived that describe the quality. 

6.1.10 Soil 

1. How can the relevant soil properties be measured?  

2. What is the relevance of the soil to (low frequency) ground vibrations?  

3. Impact of sub-ballast on LCC?  

4. How to best improve the (sub-) soil?  

1. Can heavy masses next to the track mitigate vibrations? 

 

6.2 Interactions and overall optimization strategies 

6.2.1 Collecting data and optimization 

1. To our knowledge Go Leise represents the first time a holistic optimization for rail 

(RAMS/LCC/noise/vibrations) is applied. So, there is no other experience yet or any 

guideline how to approach this.  

2. The comparability and quality of experimental/deduced data is questionable. Data 

that is gathered in other countries by experiments or cost figures may not be 

applicable to the Swiss situation.  

3. Multi Criteria Design Analysis is a less well-known method and there is less 

experience with this method. It takes a learning time to get familiar with the 

methodology.  

4. The sensitivity of the decision analysis method in slightly different, monetarization 

and/or weightings is not yet known.  

5. What is the effort to test for LCC and how should this be done?  
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6. Are optimum materials being used in the individual track components?  

7. At which length is a measure best applied if transition zones are required?  

8. How important is wheel roughness of traffic? How could wheels be monitored?  

9. How to best involve suppliers/manufacturers to disseminate/motivate optimizations 

and new developments?  

10. How to optimize within political framework? (i.e. investment cost vs maintenance 

cost)?  

11. How to best incorporate local preferences? (i.e. track improvements over noise 

barriers in touristic areas). 

6.2.2 Statistics and design of experiments 

1. Measurements show a large variability in noise from one boogie to the next in a train 

with the same type wagons. The influence of this on the evaluation of noise data 

must be studied. 

2. Methods must be found to statistically compare different curves, e.g. frequency 

dependent relationships such as TDR values.  

3. When changing multiple components in the track, interactions can or may happen we 

don’t know off yet caused by unknown parameter dependencies. One example is the 

possible influence of rail dampers on the growth of the rail roughness.  

4. The overall track performance may interplay with parameters overlooked or ruled 

out in the Go-Leise approach. As the scope of Go-Leise is already rather broad this 

should be even more an issue for investigations with a narrower focus.  

5. When you go from one track type to another there is always a transition zones. At 

transition zones extra maintenance is needed. But what extra maintenance is 

needed, how much more often is it needed and how will that influence the 

optimization? Also some types of transitions may not be possible directly and may 

require intermediate zones.  

6. Comparability: Strict recordings of similarities and differences of “same track” 

systems must be kept while comparing results from different locations/tests. 

7. Statistics on track damage must be kept. 

8. Lack of detailed LCC costs for entire tracks and components (historic data is often 

falsified by cross financing from different funds and subsidies). 

9. Is monitoring performance of maintenance important? 

6.3 New/innovative ideas 

1. Added resilience in the ballast to prevent ballast crashing. For exampleI it was 

suggested to add rubber granulates in the ballast. 

2. Concrete walls next to the ballast could be used to lock up the ballast. This hinders 

the ballast to move which might cause less settlement of the ballast. This has the 

advantage of less maintenance/tamping and less vibration.  

3. The current system is based upon a discrete adaption of components, so for instance 

change from hard to soft rail pads. A different approach would be to use a 
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continuous optimization to find the optimal track design. This requires an extensive 

mathematical model taking into account all relevant parameters, describing the 

behavior of the track. This approach can lead to new unexpected results. An 

example of such an application is a car tire design made by Michelin in the past. In 

this revolutionary design there was no air column in the tire as it turned out there 

was no function for it.  

4. Could the rail damping effect of conventional rail dampers be somehow incorporated 

into other track components (i.e. fastener) to maintain a simpler track layout for 

lower maintenance efforts? 

5. Integrated systems i.e. isolator (pad) integrated into the fastener. Sleepers with 

integrated supports?  

6. Measures in the propagation path of ground vibrations such as suspended masses. 
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Summary 

The Go-Leise project (Gesamtoptimierung, Lärm-, Erschütterungs-, Infrastruktur- und 

Sicherheitseinflüsse) aims to optimize the whole track system of the Swiss Railways. The 

optimization balances noise and vibration levels in the surroundings of the track against life 

cycle cost and RAMS elements (Reliability, Availability, Maintainability and Safety) of the 

track system.  

 

In Phase 1 of the project, elements of optimization and references to their impact on noise, 

vibration and LCC are identified. Phase 1 intends to identify gaps of knowledge and to 

propose methods to bridge these.  

 

This deliverable supplies the optimization with information on how noise and vibration are 

impacted by track layout, track compositions and specific mitigation measures. This 

necessitates a short discourse into the mechanisms of the noise and vibration generation, as 

well as a study of previously made investigations and field studies. 
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1 
Introduction 

1.1 Go-Leise 

With the retrofitting of the Swiss freight fleet with K-blocks and the scheduled ban of cast 

iron brake blocks on the Swiss network, major efforts in noise reduction have been 

undertaken. As a next step, SBB wants to investigate the noise reduction potential of the 

track system. This is not a straightforward task since the track is a complex system of 

vibrating elements that interact with the rolling stock and the substructure. Therefore, 

changing one element of the track system will change the entire transport system response. It 

is therefore essential to consider the complete system when optimizing the track system to 

reduce noise. In this process, not only structural and acoustic effects should be taken into 

account, but also life cycle costs, and the RAMS aspects reliability, availability, 

maintainability and safety.  

 

The focus of the study is the straight track. Only the elements of the track structure shall be 

optimized to reduce the pass-by noise of trains.  

 

The project has four phases. In this phase, phase 1, SBB wants to establish the state-of-art on 

low-noise track systems in an overview study. The questions to be answered are: What is 

available and is known to work? How can these systems be modelled? What are the knowledge 

gaps? How can these gaps be closed by sensible experiments? 

1.2 Scope 

The focus of this part is the examination and summary of mechanisms related to noise and 

vibration generation and emissions from the tracks. 

 

This part covers interviews with noise experts, a literature study related to noise and 

vibration and an examination and description of the models. 

1.2.1  Scope of the project 

The track can be defined as a generic ballasted track system without (narrow) curves that is 

within specifications and well-maintained:  well-aligned track, non-defective fasteners, no 

hanging sleepers, non-corrugated track etc. In addition we do not consider localized effects 

related to railway network construction on a larger scale like rail welds, insulated rail joints, 

switches, bridge joints etc. As slab tracks are currently not used for open lines in Switzerland, 

they are far less in the scope of this project. 
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The focus of the project is on the track contributions to noise and vibrations, it includes, 

however, vehicle effects as far as they are affected by the track (e.g. polygonisation of the 

wheels of a vehicle causes noise and vibration.) 

It is also important to identify the type of train traffic were a track optimization could be 

beneficial regarding noise and vibrations. The noise emission of railway cars is mainly 

determined by 

 aggregate noise (v < ca. 60 km/h), 

 rolling noise   (ca. 60 km/h > v > ca. 300 km/h) 

 aerodynamic noise  (v > ca. 300 km/h) 

The work therefor focuses on the rolling noise of trains as neither aggregate nor aerodynamic 

noise can be changed from the track perspective. Standstill noise or traction noise is only 

related to the vehicle so is the aerodynamic noise. Rolling noise itself is a complex topics that 

involves the vehicle as well as the track as rolling noise is influenced by 

 the railway car and  

 the track 

The project focuses on the track contribution to the rolling noise at a straight track, the noise 

excitation, transfer and radiation. Track components that influence rolling noise are 

 Rail (roughness, stiffness, mass, damping) 

 Fastening (type)  

 Pad (stiffness, damping) 

 Sleeper 

 Gravel (Ballast)  

 Under ballast mat 

 Under sleeper pad  

Rail defects as e.g. corrugation or loose sleepers increase the rolling noise. 

Strategies to prevent rail defects can be  

 the prevention of defects and/or 

 monitoring and repair 

Methodology 

The potential of a measure can be determined by calculations or experiments: 

 The evaluation is mainly done on the basis of measurements. The relevant boundary 

conditions as rail roughness and track decay rate (TDR) have to be examined to yield 

reliable and accurate results. 

 An evaluation on the basis of calculations is also possible. All boundary conditions 

have to be known as well and the calculation program has to be validated. 

Calculation results are often robust and reliable when parameters for a certain 

situation are varied (A-B comparison).  

This project concentrates on a literature study and survey to build up a knowledge base, 

derive the state of the art and identify knowledge gaps.  
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2 
Noise and vibration generation 

The following chapter will look at the mechanisms for the noise and vibration generation from 

the track and the basic concepts used to describe this process in models. It will also be 

necessary to create a basic terminology by giving definitions to the most frequently used 

noise and vibration related terms. 

2.1 Definitions and common terminology 

2.1.1 Railway Noise  

For the purpose of a common understanding, railway noise is considered unwanted sound, 

generated significantly at the wheel rail interface. Railway noise may propagate as airborne 

noise through the air or as ground-borne noise and vibrations through the ground. 

2.1.1.1 Airborne Noise  

Airborne noise is that part of the railway noise that is transmitted through air to a receiver 

position outside in front of a façade, or through a combination of air and the construction of a 

building. Noise is perceived with the ear. Audible noise is sound in the frequency band 

between 16 and 16,000 Hz, where low frequency noise is defined as sound with a frequency 

roughly below 100 Hz. 

2.1.1.2 Ground-borne noise (structure-borne noise) 

For the purpose of a common understanding, ground-borne noises are dynamic movements of 

solid bodies such as the floor of a house reradiating noise. Ground-borne noise is generated in 

the vehicle and track system during the passage of a train. 

2.1.1.3 Vibrations  

Vibrations are ground-borne vibrations perceived by a person or causing vibrations of buildings 

or of parts of it. The relevant frequency range of vibrations is between 4 Hz and 80 Hz. 

Vibrations can lead to secondary effects such as rattling of pottery or doors.  
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2.1.1.4 Reradiated sound 

The ground-borne noise is transmitted through the soil and the foundation of buildings and is 

reradiated from surfaces (e.g. ceiling) and may thus be audible. Reradiated sound covers the 

frequency range from 16 Hz to 250 Hz. 

 

 

 

 

 

The following figure lists the relevant frequency ranges involved in railway noise and 

vibration 

 

 

A model to describe the mechanism of railway noise and vibration is shown in the next figure 

and explained more in detail in the following paragraphs 

Figure 1  Sketch to illustrate ground-borne (structure-borne) and airborne 

noise immissions in the vicinity of an open railway line taken 

from   

Figure 2  Frequency ranges  

Figure 3  Diagram of wheel/rail impedance 

models with roughness excitation 

taken from  
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Figure 3 shows that both the railway car and the track are involved in the generation process. 

The Go-Leise focus lies on the track contribution to the noise emission. It has to be kept in 

mind that reduction measures at the track however will depend on both the railway car and 

the track. 

2.1.2 Airborne Noise 

2.1.2.1 Excitation 

The vibrations in the rail and track grid are excited at the wheel/rail interface from the 

(acoustic) roughness of the wheel tread and the rail surface. Additional noise is generated 

from wheel flats or defects such as joints on the rail head. Loose rail fasteners and 

unsupported sleepers can add noise components. A more thorough discussion of the excitation 

process is led in section 2.2 and section 2.3. 

2.1.2.2 Acoustic roughness 

Variations in the height of the running surface with wavelengths between 5 to 500 mm and 

amplitudes of a few or several tens of micrometres are associated with rolling noise 

excitation. Acoustic roughness can be superimposed by corrugation (periodic wear pattern on 

the rail head). 

2.1.2.3 Dynamic stiffness (damping) 

Dynamic stiffness is the frequency dependent resistance of an element to deformations due 

to varying forces. The vibrations observed are therefore the result of the excitation forces 

acted against (divided by) the dynamic stiffness. Dynamic stiffness is complex, where the real 

part stands for the stiffness and the imaginary part represents a loss term (i.e. damping). The 

loss term reflects that every cycle a portion of the vibrational energy is lost (i.e. by 

conversion of vibrational energy into heat). Dynamic stiffness is discussed in more detail in 

section 2.3. 

2.1.2.4 Rail vibrations 

There are certain characteristic frequencies to be found in a broadly excited track system 

that are of importance to the noise radiation from the rail. They relate to modes in the 

structure of the track system. Their importance to the noise emission is that they all mark the 

start of either a stop or pass band, thereby drastically changing the size of the vibrating 

surface. A real track is a complex system where the interdependencies of the corresponding 

frequencies are not easily acquired. Section 2.3 presents a simple model to capture some of 

these resonances and show their interdependencies with the track and its components. 

2.1.2.5 Track decay rate (TDR) 

Experimentally the effective size of the radiating rail in dependence of the frequency of the 

excitation is determined from the track decay rate, which measures the decrease in 

amplitude of the vibration along the rail. The internal damping of the rail is low. The most 

important track element for the damping of higher frequencies in the rail is the rail fastening, 

which includes the rail pad with its elastic properties and the resilient fixation that couples 

the rail to the sleeper. 
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TDR couples to the structural dynamics of the track superstructure and is independent of the 

tracks roughness profile. Thereby it may only ever conclude on whether the dissipation of 

vibrational energy in the track structure is higher or lower in one or another case, given the 

same excitation (roughness). This leaves open how a given roughness profile actually evolves. 

Therefore the results from designing a track superstructure with overall high TDR values 

above 250 Hz to lower track noise emissions may be hampered by higher overall roughness 

formation.  

Apart from the fact that the rail (and wheel) roughness is not taken into account, the TDR 

coupling to the actual noise emission from the track is inverse, as high TDR values means high 

dissipation of vibrational energy leading to weak wave propagation and hence a smaller 

emitting surface with lower overall amplitudes. Low TDR values stand for low dissipation and 

enhanced wave propagations in the rail resulting in large emitting surfaces. TDR can also not 

take into account the effective noise emitting surface which is determined by the rail profile 

and its radiation factor. 

 

2.1.2.6 Radiation 

All track components with a surface area may contribute to the directly emitted noise, if 

their surfaces are excited to vibrate in the corresponding frequency range. Thereby the 

emitted noise of a track component is related to the size of the vibrating surface, the 

velocity of the vibration and the radiation ratio. The later equals one if the wavelength of the 

vibration is smaller or equal to the size of the radiating object. Where the wavelength is far 

larger than the size of the vibrating surface the radiation ratio tends to zero. Hence the 

direct noise radiation from a track is dominated by frequencies above 300 Hz. 

2.1.3 Ground-borne noise and vibrations 

2.1.3.1 Excitation 

Ground-borne noise and vibrations are generated at the wheel/rail interface either from a 

passing load (bogie, axle and wheel) at low frequencies, from parametric excitations such as 

the varying stiffness due to a discretely supported rail, from larger defects and irregularities 

on the rail, loose rail fasteners /unsupported sleepers or wheel running surface (dynamic 

excitation) or from the unbalanced wheel mass. Car bogie or body bounces may be 

responsible for the very low frequency vibrations.  

2.1.3.2 Track resonance 

The track resonance frequency is the resonance of the unsprung mass (bogie) on the total 

resilience of rail. It is determined thereby from the stiffness of the entire track 

superstructure. The track resonance marks the frequency above which parts of the track 

masses become dynamically isolated in relation to the ground. Higher frequencies are more 

confined in the track system where they may propagate along the track in much the same 

way as waves are free to propagate in the rail above the rail resonance. All mitigation 

measures against ground vibrations applied within the track superstructure will aim to lower 

the track stiffness to shift the track resonance to lower frequencies. The resultant effect will 
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be most notable at the former resonance. Frequencies below the track resonance frequency 

can only be attenuated by secondary measures in the transition path.  

2.1.3.3 Soil Damping 

Ground-vibrations are formed from the displacements transmitted through the track 

superstructure. As the soil being the transmitting media has a damping that takes away a 

portion of the vibration per cycle, the higher frequency vibrations decay faster. 

 

2.2  Mechanism of noise and vibration generation and possible mitigation measures 

Wherever noise or vibration issues from train pass-by occurs and abatement measures are 

being considered, it is important to understand the complex generation mechanisms that 

drive the noise emissions and vibrations. The following chart (Figure 4) depicts this process in 

a comprehensive way. 

As this project focuses on track contributions to the pass-by noise and vibration levels all non-

correlating source terms such as the noise from aggregates or aerodynamic effects are 

disregarded. Wheel interactions are considered as far as they impact the track dynamics, but 

the wheel itself as a contributor (wheel noise) is not. 

 

 

Figure 4  Mechanism of noise and vibration generation for a rolling train.  
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2.2.1 Noise 

2.2.1.1 Excitation 

Vibrations in the wheel and rail are excited by the rolling wheel in combination with the 

acoustic roughness of the wheel tread and the rail surface and will thereby cause noise 

radiating from wheel and rail. The combined excitation results from the (energetic) 

summation of the acoustic rail roughness and wheel roughness, wherein the contact area of 

wheel and rail functions as a filter on the combined acoustic roughness. For a typical contact 

area of approximately 10 mm x 15 mm, the shortwave irregularities in the roughness profile 

(wavelengths < 3 mm) will only have a strongly reduced impact on the vibration generation 

process. 

2.2.1.2 Vibration generation 

The excitations from the acoustic roughness of the wheel and rail surfaces lead to vibrations 

in the wheels, in the rail and tracks superstructure as well as to a lesser extent the bogies 

and the car bodies. The strength and frequency components of the vibrations in the wheels 

and the rail and sleepers, thereby depend on their mechanical properties (impedance or 

dynamical stiffness and damping respectively). More on rail vibrations is found in section 2.3. 

2.2.1.3 Air-borne noise generation 

The excited vibrations are radiated as air-borne noise mainly from the wheel and the rail. The 

characteristics of the radiated noise will thereby be dependent on geometric properties. The 

noise radiated above 1000 Hz will largely be contributed by from the wheels, while below 

1000 Hz mainly the rail radiates the noise. Typically the two noise components from wheels 

and rail are approximately equal. Figure 5 shows an example of a noise contribution 

calculation done in RIM for the dominant noise contributors wheel, rail and sleeper. 

 
Figure 5 RIM calculation for the contributions to the rolling noise [Müller 2013] 



Noise and vibrations | Müller-BBM - dBvision - M+P |  12/52 

D1 Go-Leise  |    18 November 2016   

 

 

 

Amplitudes on the bogies and car bodies are reduced in comparison to the wheels due to the 

elastic decoupling in the relevant acoustic frequencies. However, the car bodies have a far 

larger radiating surface compared to the wheels; therefore their contributions may not always 

be neglected, particularly not for freight trains. In general it will suffice to consider only the 

wheels and the rail as noise sources.  

 

Rolling noise increases with train speed [Thompson 2009]. Therein the level 𝐿𝑝of the rolling 

noise is proportional to the logarithm of the speed 𝑣 

𝐿𝑝,𝑣1
= 𝐿𝑝,𝑣0

+ 𝑁 ∙ log10 (
𝑣1

𝑣0
) (1) 

The scaling exponent 𝑁 is determined empirically from field tests and often its average value 

of 30 is being used. However, this does not necessarily translate into the same scaling for the 

track contributions to the radiated noise, as it will also depend on the specific conditions of 

the rail and wheel running surfaces (and possible corrugation wavelengths).  

 

EN ISO 3095 (2005) provided a list of influence parameters and their potential effect on the 

noise radiated by the track. Data was mainly drawn from the [MetaRail 1999] project wherein 

the overall parameter sensitivity for track components was determined through TWINS 

calculations and field tests. Considered were best and worst components for noise emissions 

solemnly from the track and an estimated noise level difference (dB) given for changing one 

into the other. For train speed the noise level difference in the pass-by measurement of a 

generic train traveling at 160 km/h to one traveling at 80 km/h was estimated to 9.4 dB.  

 

2.2.2 Ground vibrations 

Partially ground vibration generation may also be attributed to processes at the rail-wheel 

contact area. There are several effects associated with ground-borne vibrations [Thompson 

2009][Lombaert 2013]: 

 Quasi-static excitation stems from the load deflection at the subgrade (soil) that 

travels with the train. This deflection is not homogeneous along the train but 

displays characteristics inherited from axle and bogie dimensions and loads. A fix 

receiver point will thus be subject to a varying response to this deflection, its 

dominant frequency being determined from the spacing of the axles and bogies as 

well as the train speed. 

 Dynamic excitations are generated from geometric diviations/uneveness of the rail 

and wheel running surfaces. Single larger defects and irregularities on the rail 

running surface, loose rail fasteners /unsupported sleepers also account for dynamic 

excitations.  

 Parametric excitation may be met wherever spatial variations in the support stiffness 

occur, i.e. due to a discretely supported rail. Unbalanced wheel masses will also 



Noise and vibrations | Müller-BBM - dBvision - M+P |  13/52 

D1 Go-Leise  |    18 November 2016   

 

cause parametric excitations. Parametric excitations may be counted towards the 

dynamic contributions. 

 Car bogie or body bounces may be responsible for the very low frequency vibrations. 

These are secondary effects, which are difficult to account for particulary from a 

track perspective. 

The corresponding frequency response 𝑓𝑥 from all of these excitation mechanisms is 

determined from the characteristic spacing/dimension 𝑥 (i.e. sleeper spacing, axle distance, 

and wheel circumference) and the train speed 𝑣 

 

𝑓𝑥 =
𝑣

𝑥
 (2) 

However, at a fixed receiver position the response from all periodically time varying 

(dynamic) excitations will also be subject to Doppler shifting of their frequencies.  

The ground vibrations will not only shift to higher frequencies as the train speed increases, 

but also the strength of the ground vibrations will increase [RIVAS 2013] for frequencies up to 

the track resonance frequency. Above the track resonance frequency the car body of the train 

carriage becomes decoupled from the bogie.  

The track resonance frequency 𝑓𝑣/𝑡 is determined of the unsprung mass 𝑚𝑢 (bogie) on the rail 

and the (dynamic) track stiffness 𝑘𝑡
′  of the entire track superstructure 

 

𝑓𝑣/𝑡 ≈  
1

2𝜋
√

𝑘𝑡
′

𝑚𝑢
 (3) 

The track resonance also marks the frequency above which parts of the track masses become 

dynamically isolated in relation to the ground. 

2.2.3 Mitigation measures 

2.2.3.1 Noise 

Mitigation measures to the pass-by noise may take an effect at different parts of the noise 

generation mechanism. The following flow chart again depicts the mechanisms of noise and 

vibration generation of a passing train and as well lists some associated abatement methods 

that directly take an effect on the source on the left: 
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Figure 6  Association of the different parts in the noise and vibration generation process with some 

important abatement measures at or close to the scource. 

From Figure 6 it may be concluded that the best way to mitigate noise can be achieved by 

lowering the roughness and thereby the excitation. After that a reduction is obtained from an 

effective damping of the vibrations (particularly rail, sleeper and wheel). The radiated noise 

may then only be further attenuated by a screening. 

Taking the wheel roughness as given, the components of the track that may influence the 

acoustic emissions and vibrations from the track are the ones listed in the following table 

(Table 1). They need to be related to parameters that represent them in the physical 

description of the problem.  
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Table 1  Track components relevant to the noise and vibration generation process and the associated 

physical parameters that characterize them. 

Element Parameter 1 Parameter 2 Parameter 3 

Rail Roughness 
Type (cross section)  
-> mass, stiffness 

 

Pad Stiffness Damping  

Sleeper Material (Damping) 
Type (cross section)  
-> mass, stiffness 

Distance 

Soil Stiffness Damping  

Ballast Stiffness Damping Absorption 

Fastening Rotational stiffness Rotational damping Preload 

Under sleeper pad Stiffness Damping  

Under ballast mat Stiffness Damping  

Rail grinding Roughness   

Defects Corrugation Loose sleepers  

 

2.2.3.2 Vibrations 

Mitigation measures to ground vibrations can be grouped into two categories.  

1. For frequencies above the track resonance (equation (3)) ground vibrations may be 

attenuated through changes in the track superstructure such that again parametric 

studies and optimization can be carried out on the track components in Table 1.  

2. For frequencies below the track resonance frequency all mitigation measures 

currently discussed are in the transmission path. Examples for this kind of measures 

are given i.e. in [Lombaert 2013] in the form of open trenches, wave barriers or 

heavy masses next to the track and impeding blocks below the track. Also soil 

stiffening is considered to be a viable measure towards low frequency ground 

vibrations [RIVAS 2013]. 

Mitigation measures may also be applied close to the receiver i.e. by isolating the building 

with an appropriate resilient layer. Currently there is a lack of experimental field tests for 

ground vibration mitigation, as most of mentioned mitigation methods were only extensively 

tested in computer simulations. 

2.3 Models and testing methods 

To be able to also indicate the individual contributions and numerous interactions of the track 

components to the actual noise emissions and vibrations, a physical model is needed. Such 

models are i.e. discussed in [Thompson 2009]. However, as generally models will always be 
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based on assumptions and simplifications the true impact of any of the listed elements can 

only be determined in field tests. This is a difficult and time consuming process and 

sometimes the separation of the individual components contributions is not possible. Also the 

experimental results may be affected by boundary conditions that so far have not found a 

mentioning in the description of Table 1. Therefore this project concentrates on a literature 

study and survey to build up a knowledge base, derive the state of the art and identify 

knowledge gaps. 

To be able to account for track contributions in train pass-by tests and their limit settings 

respectively, viable test methods were needed for the track. In the NOEMIE project [NOEMIE 

2002] the measurement of the rail roughness (alongside the knowledge or determination of 

wheel roughness) was identified to be a valid test procedure to represent the excitation 

mechanism. Limit values for a reference track were derived from field tests carried out 

simultaneously in several European countries. The dynamic response of the track structure 

and therefrom its noise emissions were related to the determination of the track decay rate, 

also known under its acronym TDR. It describes the rate at which the energy of a wave 

propagating in the rail decreases with distance due to damping (dissipation) and transfer of 

energy to other track components (absorbers) or the ground. We will later see that not every 

wave decays in the same way, but that the structure of the track imposes frequency bands 

that Following field tests for TDR measurements the limit curves were reevaluated to the 

ones still applicable today [EN 15461]. 

2.3.1 Noise 

According to the generation model depicted in Figure 4 the first and foremost method to 

abate noise should be to reduce excitations. This may only be done by reducing the roughness 

of the rails running surface and that of the average wheel. The excitation (from the speed of 

the train and the wheel and rail roughness) determines the energy induced into the track. 

This energy will either propagate in the rail in the form of a wave, be transferred to the rest 

of the track structure and the ground or will be dissipated (i.e. converted into heat). The 

later is what is generally associated with damping, however, regarding TDR measurements 

and noise emissions only from the rail the transferred energy may also be considered lost to 

the rail and hence appears to be part of the damping. The amplitude of a vibration induced in 

the rail at one point decays approximately exponentially with distance [Thompson 2009], and 

therefore the TDR procedure as described in [EN 15461] gives an approximation of the 

radiating surface dimension along the rail, it does not however differentiate between true 

damping (loss of energy in the rail, rail pad etc.) and transferred energy. It neither accounts 

for the absolute noise emissions that also depend on the rail profile (to determine the surface 

area) and its radiation factor or the noise emissions from other track components such as the 

sleepers. This is important to note when using TDR values to optimize the noise emissions for 

a track. To better understand the relation of structural vibration and noise emission a 

simplified noise radiation model is given below in close relation to the full model presented in 

[Thompson 2009]. 
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2.3.1.1 Noise radiation model 

All track components possessing a surface will radiate noise if their surface is caused to 

vibrate. Thereby the emitted sound power is proportional to the size of the vibrating surface, 

the average (squared) velocity of the vibration and the radiation ratio (ratio of actual sound 

radiation to that of an idealized source emitting plane waves only). The radiation ratio is 

determined by the size and shape of the vibrating structure and hence at low frequencies 

where the wavelength is large compared to the vibrating surface the radiation ratio is low 

and the noise emission is low, while at higher frequencies where the wavelength is of the 

order of the structure or even its segments, the coupling of the vibration to the surrounding 

air to produce sound waves is good and hence the ratio tends to unity. For the rail, this is 

typically the case for frequencies above 600 Hz. However, the radiation ratio may change 

dependent on boundary condition, which will come up again while discussing noise related 

parameters and effects for the track components of Table 1. 

 

Generally noise related field tests are performed on the basis of TDR measurements, 

roughness measurements and acoustic pass-by measurements. To conclude from them it is 

important to understand the relation of the parameters given in Table 1 to the total noise 

emissions, the TDR results and to each other. This may be done by applying models that 

incorporate and represent the major physical processes involved. To interpret the response of 

a track superstructure to vibrational excitation a mechanical model is introduced heavily 

leaning on the research presented in [Thompson 2009] but also acquiring additional input 

from other publications. This report does not endeavor to delve into the mathematical 

background of such a model, but will instead try to phrase the most important 

interdependencies. None the less, some sketches will be found in the following alongside 

some formulas, where the discussion of the relations are easiest made from graphs and 

proportionalities. 

 

2.3.1.2 Mechanical vibration model (noise) 

This far we have used the terms stiffness and damping without further definition. As it will be 

of importance to the following we will now define them. The simplest approximation of a 

mechanical track model considers the rail as a simple mass coupled by a spring (rail pad) to 

the sleeper mass, which itself is coupled by another spring, representing the ballast, to the 

ground (Figure 7). This type of model is too simple to sufficiently account for the complex 

mechanics of a true track system; it may however help us to understand some basic behaviors 

of track vibrations. As we have seen in the noise radiation model given above the emitted 

noise depends on frequency, size of the radiating surface and amplitude of the vibration. 

Taking interest only in the rail vibrations in our one dimensional model (only considering 

vertical motion) this reduces the problem to the question of what are the vibrations of the 

rail mass given a certain external excitation force. For harmonic forces acting on the rail, the 

equation of motion of such a system may easily be formulated and solved numerically. The 

springs are considered to have an elastic term (spring constant) that we refer to as static 
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stiffness and a loss term we call damping in the viscous model and loss factor in the 

hysteretic (structural) damping model. 

 

Static stiffness (as derived from Hooke’s law) describes the elastic elements (here rail pad 

and ballast) resistance to deformation in response to non-changing external forces (i.e. static 

loads). As soon as the applied forces have time dependence, like a rolling wheel excitation, 

the systems response or rather its 

deformations exhibits time dependence 

as well. The deformation will no longer 

depend only on the material property 

static stiffness, but also on the mass of 

the associated structure and will exhibits 

damping characteristics that increase the 

effective stiffness values dependent on 

frequency of the excitation. Damping 

describes how much of the energy is lost 

in a deformation cycle due to i.e. inner 

friction for viscous damping (conversion 

into heat). The frequency dependent 

resistance of the element to 

deformations (displacement of the 

vibration) due to varying forces is called dynamic stiffness. Dynamic stiffness equals the ratio 

of force to displacement. We may therefor conclude that the vibrations we observe are the 

result of the excitation forces acted against (divided by) the dynamic stiffness. Increased 

vibrations may therefore either root from a stronger excitation (i.e. higher roughness on rail 

and wheel) or a loss of dynamic stiffness (loose fasteners and unsupported sleepers or loss of 

damping characteristics). Instead of or in conjunction with dynamic stiffness the term 

complex (dynamic) stiffness is often used, referring to the relation 

  

𝑘′ = 𝑘(1 + 𝑖𝜂) (1) 

  

Wherein 𝑘′ denotes the complex stiffness, 𝑘 the elastic (static) stiffness and 𝜂 the loss factor. 

Care should be taken as to what definition for 𝜂 is used, particular if fitting a model to 

experimental data is used for determining stiffness and damping properties. As viscous 

stiffening relates to the speed (rate) at which the force is applied, it is inevitable a frequency 

(time) dependent term 𝜂 = 𝜔𝑐/𝑘, whereas the loss factor in the hysteretic model is 

independent of frequency 𝜂 = ℎ/𝑘 (the dynamic stiffness thereby is a single value by 

definition). Generally the hysteretic model is favoured in theoretic studies on rail vibrations, 

although experimental findings show a clear frequency dependence of the dynamic stiffness 

for the elastic track components. Rail pads static and likewise dynamic stiffness is found to 

increase with preload [Liu 2013] and its dynamic stiffness is found to increase moderately 

Figure 7  Two mass spring model with viscous damping 
(left) and hysteretic damping (right) 

 
𝒎𝒓 = rail mass / meter,  𝒎𝒓 = rail mass / meter,  

𝒎𝑺 = sleeper mass / meter 𝒎𝑺 = sleeper mass / meter 

𝒌𝒑 = static stiffness rail pad 𝒌𝒑 = static stiffness rail pad 

𝒌𝒃 = static stiffness ballast  𝒌𝒃 = static stiffness ballast  

𝒄𝒑 = damping of rail pad 𝜼𝒑 = rail pad loss factor 

𝒄𝒃 = damping of ballast 𝜼𝒃 = ballast loss factor 
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with frequency [Meas 2006][de Man 2002], while ballast dynamic stiffness increases more 

drastically with frequency [Aikawa 2013]. 

 

To precede with the discussion of the track dynamics we attempted to fit the dual mass 

spring models to actual measurement data from the Swiss rail network in Figure 8 . 

Both measurements display two resonance peaks in the low frequency range and anti-

resonance in between. At the lower resonance (marked as a dashed green line with the index 

A for measurement 1 in Figure 8) the rail and sleeper masses move in unison (in phase with 

each other), thereby acting as a one mass spring system. The first cut-on frequency or rail 

grid resonance frequency, as the resonance of this vibration is called, will therefore strongly 

depend on ballast stiffness and the total effective mass of rail and sleeper. An approximate 

formula for the resonance frequency is given by 

 

Figure 8   Point receptance at rail midspan. Fitting of 2 mass spring damping models to two distict 

measurements: Measurement 2: only the hysteretic model can be approximately 

matched to the low frequency range (<500 Hz)for a rail pad stiffness of 130 MN/m / loss 

factor 0.45 and ballast stiffness 130 MN/m / loss factor 1.0. Measurement 1: yields for 

the hysteretic model a rail pad stiffness of 600 MN/m / loss factor 0.6 and ballast 

stiffness 350 MN/m / loss factor 1.4 and for the viscous model a rail pad stiffness of 700 

MN/m / damping 90 kNs/m ( corresponding to loss factors 0.1/0.3/0.45 at resonance) and 

ballast stiffness 500 MN/m / damping 400 kNs/m ( corresponding to loss factors 

0.7/1.8/2.6 at resonance). 
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𝑓𝐴 ≈  
1

2𝜋
√

𝑘𝑏
′

𝑚𝑠 + 𝑚𝑟
 (2) 

 

This is the frequency at which the track grid (sleeper and rail) decouples from the rest of the 

track superstructure (the ballast and ground) and track grid vibrational modes exhibit and 

start to propagate along the track (grid mode shapes are discussed in [Kaewunruen 2014]). 

The rail grid resonance frequency can be shifted by changing the mass of the sleeper (rail 

mass changes are generally insignificant) or stiffness and damping of the ballast. 

 

For the second resonance at higher frequencies (marked as a dashed green line with the index 

C for measurement 1 in Figure 8) the rail vibrations are in antiphase to the vibrations of the 

sleeper. The second cut-on frequency or rail resonance, as this frequency is called, is hence 

strongly dependent on the elastic coupling between sleeper and rail which is primarily given 

by the complex rail pad stiffness while the rail mass is the second most important factor. 

Again an approximating formula can be given 

 

𝑓𝐶 ≈  
1

2𝜋
√

𝑘𝑝
′

𝑚𝑟
 (3) 

 

This is the frequency at which the rail decouples from the rest of the track superstructure 

(sleeper and ballast) and vibrational waves start to propagate freely in the rail. The rail 

resonance frequency can be shifted by changing rail pad properties or rail type (mass). 

 

The anti-resonance (marked as a dashed green line with the index B for measurement 1 in 

Figure 8) between the two resonance peaks where the rail amplitude drastically drops is 

caused by the resonance of the sleeper in between its elastic couplings the rail pad and the 

ballast. Next to the properties of the elastic components its frequency will therefore depend 

on the sleeper mass. The determining formula is 

 

𝑓𝐵 ≈  
1

2𝜋
√

𝑘𝑝
′ + 𝑘𝑏

′

𝑚𝑠
 (4) 

 

The resonance of the sleeper in between rail pad and ballast stiffness is important to the 

overall propagation of vibrational waves in the rail as it marks the beginning of a stop-band in 

which wave propagation is hindered as we will see later. The sleeper resonance frequency 

may be shifted by changing rail pad and/or ballast stiffness or changing the sleepers mass. 

 

As seen from Figure 8 the mass models cannot capture the dynamics in the frequency range 

above 500 Hz. This is due to the fact that the rail is rather an (infinite) beam than a mass and 

flexural (bending) waves start to dominate at higher frequencies. The most prominent one 
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displays in the graph at the dashed line marked as D and is caused by a vertical vibration of 

the rail where half the wavelength matches the distance between two adjacent sleepers. It 

therefore is called the pinned-pinned mode. As for the former resonances an approximating 

formula can be given for its frequency 

 

𝑓𝐷 ≈  
𝜋

2𝑙2
√

𝐸𝐼𝑟

𝑚𝑟
 (5) 

 

The pinned-pinned mode has nodal points above the sleeper positions and hence is almost 

independent of rail pad, sleeper and ballast properties but strongly depends on the (complex) 

bending stiffness 𝐸𝐼𝑟 of the rail, the mass of the rail and the sleeper spacing 𝑙. As the root in 

equation (5) differs only insignificantly for the typical rail types the largest dependence of 

the pinned mode is that to the sleeper spacing. It must be noted that equation (5) does not 

resemble the frequencies found in measurements. An empirical formula that will generally fit 

the experimental data far better is given 

by [de Man 2002]. It should also be noted 

that fact that the rail pad not just has a 

point contact to the rail but a certain area 

the rail pads damping properties will have 

a (reduced) impact on rail damping (which 

is considered in the complex bending 

stiffness but is small in absence of 

absorbers attached to the rail). We will see 

later that the rail pad properties play an 

important role for the attenuation of 

waves above the pinned mode as they 

determine the width of a stop-band 

(frequency range in which wave 

propagation is suppressed) [Sheng 2015]. 

 

There is a second order vibration to the 

pinned-pinned mode at which one 

wavelength matches the sleeper spacing 

displayed in Figure 8 as rapid drop in the 

amplitude of the rail at mid-span (dashed 

line marked as F). The position marked as E in Figure 8 is taken from [Sheng 2007] where it 

equals a rail vibration with a maximum of amplitude at the sleeper position. The drop in 

amplitude is seen because this mode has a node at the centre of the bay.  

 

The rail modes discussed above are sketched in Figure 9 and were taken from [Sheng 2007]. 

There are two additional marked frequencies in Figure 8 (dotted lines) were the measurement 

curve characteristics resemble that of an anti-resonance followed by another resonance. This 

A B

C E

D F

Figure 9   Sketch of the rail modes identified in Figure 8 

taken from [Sheng 2007]. Modes A,B,C,E are rail 

vibrations with displacements at sleeper position 

thereby interplaying with the rest of the track 

structure while modes D and F have nodes on 

the sleepers and hence are far less subtle to rail 

pad and sleeper properties. 
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characteristic behaviour is found on track systems with mono-block sleepers and relates to 

the fact that the sleeper is a beam connecting two rails and hence there are two rail 

resonance frequencies (instead of just mode C) at two distinct modes: a symmetric mode at 

which the two rails vibrate in phase to each other against the sleeper (at approximately the 

frequency derived by formula (3)) and an asymmetric mode where the two rails vibrate in 

opposite phase to each other (caused by the sleeper performing a tilting about the track 

symmetry axis rather than a synchronous vertical movement at both ends like in the 

symmetric mode) [Oregui 2015]. It remains unclear as to which extend the natural modes of 

the mono-block sleeper impacts the rail vibrations at higher frequencies. Modes of sleepers 

embedded in ballast (but without the rail) were found to approximately have the same 

natural bending mode shapes as a sleeper freely suspended [Aikawa 2013]. Sleeper modes are 

often only considered important because the sleeper itself radiates sound, yet with generally 

lower amplitude than the rail, due to rail pad resilience. [Oregui 2015] reports on a fourth 

and fifth order vertical bending mode displaying in the reception functions from measurement 

in the Netherlands rail 

network.  

The importance of the above 

discussed vibrational modes 

(Figure 9) to the overall wave 

propagation in the rail and 

thereby to the noise radiation 

from the rail is highlighted in 

the following. In [Sheng 2007] 

the frequencies of the modes 

A, C and E are identified as 

starting frequency to pass-

bands for free wave 

propagations in the rail, while 

the frequencies of the modes 

B, D and F mark the end of 

pass-bands. Therefore stop-

bands (frequency ranges at 

which wave propagation is 

attenuated) are found for 0-A, 

B-C and D-E. Decay rate measurement on the rail will highly be impacted by the width and 

position of these stop-bands that can vary significantly between different track structures 

(see measurements in Figure 8). The existence of stop- and pass-bands (also often referred to 

as wave propagation and attenuation zones) originates to the foundation of the wave guide 

(rail) and the introduction of periodicity in the track structure. In a freely suspended rail any 

wave excited is free to propagate (a real wavenumber exists for every frequency; 

wavenumber being the inverse to wavelength). Because of the non-linear relation of wave 

propagation velocity to frequency for flexural (bending) waves this displays as a square root 

Figure 10   Wavenumber (inverse wavelength) versus frequency plot to 

explain the pass and attenuation zones as taken from [Sheng 

2007]. The repetitive curves in wave numbers relates to the 

perodicity in the support. 
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curve (red curve labelled dispersion curve in Figure 10) in a wavenumber to frequency plot. 

As soon as the rail is supported there no longer exists a real wavenumber at all frequencies. 

Instead below the cut-on frequency at C (equation (3)) only local vibrations are being excited 

(the wavenumber is complex and hence only attenuating oscillatory waves are formed), while 

above the cut-on frequency again free wave propagation occurs. The periodicity introduced in 

the track structure i.e. by the discrete sleeper spacing, adds another attenuation zone above 

the pinned mode at D. The limiting frequencies at D and E have the same wavelength yet are 

excited at different frequencies. Only above E free bending wave propagation is possible, 

while between D and E only local (oscillatory) waves are formed. We should note here that 

for a real track the support stiffness and periodicity in the sleeper spacing is never 

homogeneous, which should lead to a blur in the limiting frequencies and hence an overlap of 

propagation and attenuation zones. Further symmetry factors in the track (such as the 

existence of two rails interconnected by mono-block sleepers) can split up resonance modes 

into symmetric and anti-symmetric modes, which introduce additional stop- and pass bands.  

At higher frequencies the rail profile being a symmetric structure itself will start to exhibit 

modes (cross section deformations) where partial components of the rail are excited. The 

most prominent group of these are the foot flapping modes. They are studied and further 

discussed in [Thompson 2009] and [Pfaffinger 2000]. Cross section deformations were the rail 

head and rail foot are displaced against each other (longitudinal waves) can cause wear of the 

rail pad and in the fastening system if there is also motion of the rail foot relative to the rail 

seat on the sleeper. 

 

TDR results are partially showing strong dependence on temperature as well as on hammer 

mass and stiffness of its impact cap. Also deviations from the proposed boundary conditions 

made in EN 15461, such as a third rail or curves with a small radius, displayed correlations to 

these constructional features that suggest the standard measurement procedure of TDR not 

being applicable without further investigations. Assuming a direct relation between high TDR 

values and low noise emissions from the rail, optimisations of the track structure could be 

made based on TDR measurements. Thereby the most influential structural parameters 

determine the sleeper resonance frequency, the second cut-on frequency and the pinned-

pinned frequency. The frequency range between sleeper resonance and second cut-on 

frequency is at excitation in vertical direction generally characterised by a high track decay 

rate, therefore any constructional change to widen this spectral range should improve the 

noise issue. In lateral direction the cut-on frequency is often too low to significantly impact 

the noise emissions [Gramowski 2012]. 



Noise and vibrations | Müller-BBM - dBvision - M+P |  24/52 

D1 Go-Leise  |    18 November 2016   

 

3 
State-of-the-art 

 

3.1 Track components and their relation to noise and vibrations 

In the following we will discuss all known properties of the track components listed in Table 1 

and how they impact the dynamics and noise emissions from the track. The most important 

results from the literature research and expert interviews are also summarized in an impact 

table towards the end of each subsection. 

Just as important as the listing of the literature findings and expert knowledge is the 

denomination of the knowledge gaps. Knowledge gaps either relate to the missing and 

uncertain knowledge regarding the performance and interdependency of optimizations done 

on the basis of changing individual track components or to the overall track performance. As 

state of the art refers to well approved methods on existing and (heavily) used components, 

there will likely be potential within the research that goes beyond the state of the art. 

Examples could be the mitigation methods that were so far only confirmed by computer 

simulations but also all sorts of ideas to improve the performance of a track component. 

3.1.1 Rail 

The rail itself is the key component in the noise and vibration generation process. Its 

roughness plays into the excitation, while its profile determines the radiating surface for the 

noise radiation from the rail as well as its stiffness and mass. 

 

3.1.1.1 Rail roughness 

The rail roughness is likely the most important track parameter in noise and vibration 

abatement. Literature differentiates between broadband roughness (random distributed 

spikes and troughs on the rail head in the region where the wheel typically runs) and 

corrugation (periodic wear pattern on the rail head) which may additionally superimpose the 

broadband roughness [Hardy 2003]. The corrugation has the larger impact on track integrity 

and hence its driving mechanisms were looked into more often and are far better understood 

than the formation of broadband roughness. As being a periodic wear pattern the frequency 

at which a given corrugation plays into the excitation and radiation of the rail is dependent 

on train speed (𝑓 = 𝑣𝑡𝑟𝑎𝑖𝑛 /𝜆𝑟𝑎𝑖𝑙 𝑟𝑜𝑢𝑔ℎ𝑛𝑒𝑠𝑠). A compilation of rail corrugation mechanisms is 

given in [Grassie 2008]. The dominant corrugation formation mechanisms are associated with 

stick slip at the wheel rail interface. However, the broadband roughness with wavelength 

ranging between 5 and 500 mm (also called acoustic roughness) is the common roughness to 

be found on the rail running surface and hence plays an important role in the overall 
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excitation of track vibrations and the radiation of noise and ground borne vibrations [Croft 

2009].  

 

In [Croft 2009] rates for roughness growth are being examined by developing analytical 

models as well as by studying the literature for experimental findings. Wear on the rail head 

is attributed to normal and tangential stresses in the contact zone of wheel and rail and to 

the slip velocity. Combined with any wavelength fixing mechanism, such as a speed 

independent resonance, i.e. track related resonances, this may lead to corrugation. In the 

absence of corrugation and with steady-state rolling (constant train speed) the wear on the 

rail head would be homogeneous. Fluctuations either on the rail (corrugation or cracks and 

dents) or in the normal forces leads to varying wear as well. However, whether an existing 

roughness profile grows or decreases is dependent on where the largest amount of material is 

being removed as a result of a no longer plastic deformation of the rail and wheel. It is found 

from calculations, that the widely used Hertzian contact model for the wheel rail interaction 

predicts a roughness growth for small wavelengths as it assumes the varying force to be 

largest at the troughs of an existing roughness pattern. An expanded model (named non-

Hertzian model) that also takes into account the force fluctuations coming from the existing 

wear pattern adds a rivaling process that would net the largest wear on the peak of a 

roughness profile and thereby may lead to decreasing roughness.  

 

The contradiction from the theoretical discussion is reflected on experimental findings, as 

some publications studied in [Croft 2009] report overall roughness growth in time ([Asmussen 

2006][Verheijen 2006]) while others obtain mixed results ([Bracciiali 2004][Nielsen 2006]) or 

even clear roughness decreases as in the Silence project [Asmussen 2008]. In [Asmussen 2008] 

the initial roughness profile was generated by re-profiling the rail head with a conventional 

grinding mechanism (rotating stones). The resultant roughness profile displayed clear grinding 

marks in the 40 mm wavelength band. Particularly these grinding marks but also the overall 

roughness decreased within a year. After a second year the smaller wavelengths in the 

roughness profile had further decreased, yet not at the same rate. The trend was observed 

with soft and stiff rail pads likewise. It may be concluded that if the overall rail roughness 

decreases or remains unchanged in time, at least in the acoustically relevant wavelength 

regime, the noise emissions at train pass-by becomes dependent on the initially grinded 

roughness. Preventative noise optimized grinding is performed in Germany and the 

Netherlands in parts of the railway network (acoustic rail grinding) to maintain low rail 

roughness. In Germany the acoustic grinding is considered to have an average noise abating 

benefit of 3 dB. In [DB Netz 2011] high speed grinding (HSG) is concluded to have all 

necessary benefits of acoustic rail grinding to be used on specially monitored tracks (BüG). 

Acoustic and high speed grinding does not replace the necessity of re-profiling the rail head 

from time to time; it is however in [DB Netz 2011] regarded beneficial to the rest of the track 

structure.  
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EN ISO 3095 (2005) provided a list of influence parameters and their potential effect on the 

noise radiated by the track. Data was mainly drawn from the [MetaRail 1999] project wherein 

the overall parameter sensitivity for track components was determined through TWINS 

calculations and field tests. Considered were best and worst components for noise emissions 

solemnly from the track and an estimated noise level difference (dB) given for changing one 

into the other. For rail roughness of uncorrugated rails the noise level difference from a very 

smooth to a very rough rail head were estimated to be within the range of 0.7 to 3.9 dB. 

 

Table 2: Impact of rail grinding 

 Considerations Noise Ground vibrations Remarks 

 Used to achieve low acoustic 
roughness; prevent/correct 
corrugation 

If overall roughness is lowered 
noise radiation will be less  
 
Grinding marks can increase 
noise! 
 
In the well maintained Swiss 
rail networks the benefits from 
acoustic grinding are 2-3 dB 
 

If overall roughness and rail 
head defects are less ground-
borne noise decreases 
likewise. 

If corrugation is prevented 
that otherwise existed the 
noise benefit can be much 
higher (10-20 dB) 

 

Knowledge gaps 

1. To evaluate the usefulness of acoustic rail grinding a comparison of roughness after 

acoustic grinding/finish to the average roughness after grinding with current SBB 

methods is needed. 

2. It is also important to examine the impact of grinding marks in SBB network (what is 

the wavelength of the grinding marks, how much noise do they add and how fast are 

they wearing off) – will also depend on track usage. 

3. To optimize grinding roughness growth rates in the SBB network should be studied 

and possibly dependencies (to load, vehicle type, train velocity, track dynamics etc.) 

could be drawn. 

4. Grinding benefits are dependent on specific track usage, therefore the noise benefits 

will fluctuate over the SBB rail network such that an optimization will need to take 

this into account. 

5. There is little information on the variability of rail roughness both along the rail and 

across the rail head. It’s not always clear, if the measured rail roughness is the same 

the wheels are in contact with. 

6. What is the optimal grinding strategy/method (speed/frequency/cycle) in the SBB 

network?  

 

3.1.1.2 Rail profile 

The rail profile primarily determines effective stiffness and mass of the rail. The rail also has 

an internal damping factor, which is small and therefore will only make an effect at high 

frequencies, where the rail’s vibrations are more and more decoupled from the rest of the 
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track superstructure. The standard rail in use at SBB is the 60E1 (in combination with 

concrete sleepers B91 or B70) and 54E2 (in combination with wooden sleepers) [SBB 2015]. 

 

In the QCity project [QCity 2005] the rail profile VA71b (Vignol rail) of the manufacturer 

Voestalpine was tested for its noise reduction potential. The rail profile VA71b has an 

enlarged web and rail foot and hence a higher stiffness both in vertical and lateral direction 

than the standard rail in use, the UIC 60E1. It was found that a noise optimized track using 

stiffer rail pads and the VA71b-rail resulted in an average reduction of the noise level by 1.5 

dB(A) for all train categories and pass-by speeds in comparison to the 60E1-rail. The lower 

noise levels however may not be attributed to the profile alone, as the pad stiffness and 

damping were changed alongside. 

 

Different rail profiles were also considered in various other projects dedicated to railway 

noise reduction. Reducing the rails elasticity (by increasing its stiffness) and thereby its 

surface velocity was one way of reducing the noise emissions from the track (VONA project). 

However, the rail profiles were never tested in field tests. A different approach was made in 

the “Leise Schiene” project, wherein the rail head was decoupled from the rest of the rail by 

an elastic layer. Constrained layer decoupling for the UIC 60E1 rail profile were theoretically 

considered in the QCity project [QCity 2006], where under the assumption that the rail was 

the main noise contributor, noise reduction potentials of 2-3 dB were identified. However, 

those model systems were never tested in field tests and had very restricting boundary 

condition assumptions. In the silent track project, a narrow footed rail profile was tested for 

its noise reducing potential under strong vertical excitation (use of soft rail pads). This 

however meant that a new fastening system had to be used, to hold the rail below its head 

and prevent rail roll. In conjunction with a redesigned bi-block sleeper made of concrete, the 

narrow footed rail profile reduced the track noise by 3 dB. Heavy redesigns of the rail profile 

will likely require new fastening systems and potentially redesigned sleepers, which entails 

safety testing and approval. 

 

From a TDR perspective, profiles with a small cross section, or a low rail mass per meter 

respectively, exhibit higher frequencies for the second cut on frequency and are therefore 

preferential. In lateral direction the ratio of bending stiffness to rail mass should be increased 

to shift the pinned-pinned frequency to higher values. TDR values also suggest that wider rail 

foots are preferable. However, this also increases the radiating surface area and the effect of 

foot flapping, and may hence be counterproductive. Varying thickness of the rail web or other 

structural discontinuities of the rail also increase TDR values [Gramowski 2012]. 

 

In [DB Netz 2011] the effect of rail screening with absorption was found to be very beneficial 

in the frequency range from 500 to 2000 Hz for the mitigation of rail radiated noise and 

thereafter entered into the German legislation for noise from railway lines [Schall03 2014]. 

Whether the same beneficial effect is applicable to the Swiss situation is unknown. The high 
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installation and maintenance costs could currently only be outweighed for very noise sensitive 

areas where potentially for vibration reasons soft rail pads had been installed. 

 

EN ISO 3095 (2005) provided a list of influence parameters and their potential effect on the 

noise radiated by the track. Data was mainly drawn from the [MetaRail 1999] project wherein 

the overall parameter sensitivity for track components was determined through TWINS 

calculations and field tests. Considered were best and worst components for noise emissions 

solemnly from the track and an estimated noise level difference (dB) given for changing one 

into the other. For rail types the noise level difference from a UIC 60E1 (bad) to a UIC 54E1 

(good) was estimated to be 0.7 dB and hence negligible.  

 

Table 3: Impact of enlarged (heavier) rail profile 

 Considerations Noise Ground vibrations Remarks 

 Heavier profile for larger axle 
loads and/or traffic intensity; 
higher rail stiffness means less 
amplitude in the vibrations 
(partially negated from 
enlarged surface area). Higher 
mass lowers second cut-on 
frequency. 

Comparison of VA71b to UIC 
60E1 resulted in average 
reduction of 1.5 dB  

Less local deformation in the 
rail means less displacement in 
the soil. 

Tests did not just change the 
rail profile, but also the rail 
pads. The true effect may 
therefore be uncertain. 

 

Table 4: Impact of hardened rail head 

 Considerations Noise Ground vibrations Remarks 

 rail hardening reduces the 
roughness growth rate (and 
corrugation) so low roughness 
is maintained for longer. Used 
in curves 

Less rail head defects and 
overall roughness reduces the 
excitations from wheel-rail 
contact and hence noise 

Less rail head defects and 
overall roughness reduces the 
excitations from wheel-rail 
contact and hence ground-
borne noise and vibrations. 

Longer grinding times required 
and grinding marks don’t wear 
off as fast. No viable field test 
for noise and vibrations 

 

Knowledge gaps 

1. The impact of profile changes must be further investigated (the studies conducted 

were overall track optimizations). Noise and vibrations should be considered 

likewise. 

2. The redesign limits for rails to be used in the SBB network may be narrow 

3. If using different rail profiles in a network there must be transition zones, the impact 

of which needs to be taken into account. 

4. Recent experiences in Germany and the Netherlands indicate that a better steel 

grade might introduce new, previously unknown problems such as the increase of the 

number of squats. This phenomenon needs to be understood as it might have an 

enormous influence on the track condition and thus on all aspects.  

5. It may be beneficial to test rail screening for very noise sensitive spots.  
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3.1.1.3 Vertical and lateral rail excitation and directivity 

While not being a physical property of the rail itself the lateral position of the rolling wheel 

on the rail head can have an impact particularly on the noise generation process.  

Lateral fluctuations of the stable contact position due to roughness can lead to additional 

moment excitations in the wheel and rail, which will typically be less than those from the 

roughness excitation itself, but can none the less be significant [Thompson 2009]. 

 

Excitation of the vertical vibrations will naturally be stronger than lateral ones, due to the 

directivity of the excitation from the rolling wheel on the rail. However, this is partially 

cancelled by the fact that the impedance of the rail (its resistance to an external force) is 

less in lateral direction (by approximately a factor of 2.5 for a UIC 60E1 rail [Zhang 2015]). 

 

3.1.1.4 Intrinsic rail damping 

The rail itself has a damping that is small compared to the damping of the elastic elements in 

the track superstructure but is none the less important in the high frequency regime were the 

rail vibrations decouple from the rest of the track. The rail exhibits distinct modes in a large 

frequency range from a first bending mode (half a wavelength equal to sleeper spacing) to 

higher order profile deformations (i.e. foot flapping). The damping of these modes depends 

on whether the supports experience stress such that the rail pads damping (and to a lesser 

extent the ballast damping) take effect. Generally, the local modes decay as parts of the 

generated wave (vibration) will propagate along the rail and only the reflected portions 

superpose to the standing wave patterns. High frequency rail vibrations were experimentally 

studied in [Pfaffinger 2000]. Q-factors were found to range between 30% and 40% for most of 

these vibrations, corresponding to a damping of 2% to 3%. Damping of the rail material should 

be much less. 

3.1.1.5 Rail dampers 

From the discussion of rail modes and wave propagation along the rail in section 2.3 it 

becomes clear that to reduce rail noise above the second cut-on frequency damping should be 

added to the rail. Rail dampers were designed to do exactly this, there working principle are 

mass-spring systems that will absorb the vibrational energy in the rail for certain tuned 

frequencies (resonant excitation at antiphase and conversion of vibrational motion into heat 

in the resilient component of the damper). Broadband damping thereby is obtained from 

combining multiple different mass-spring systems in a single damper with overlapping 

resonances. Rail dampers were excessively tested i.e. in [SBB 2016][DB Netz 2011][Asmussen 

2008] for a large variety of rail dampers. Insertion losses for pass-by noise were obtained by a 

comparison to a comparable (track components, rail roughness, TDR, sound pressure) 

reference track section without rail dampers. The results displayed a large variance of 0 – 

6 dB. In the most in depth investigation [SBB 2016] this large variance could be narrowed 

down into smaller variances for all important kind of track compositions used in the SBB 

network. It was found that high insertion losses from the installation of rail dampers could 

only be found for track systems with concrete sleepers and very soft rail pads. Moderate 

insertion losses were still obtained for all kind of concrete sleepers and soft rail pads as well 
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as the B70 sleepers in conjunction with hard rail pads. For the new standard configuration of 

concrete sleeper type B91 and hard rail pads the insertion losses were rather low with an 

average of only 1.2 dB. The results for wooden and steel sleepers were also well below 2 dB. 

Comparison to measurements of the track decay rate (TDR) suggests that rail dampers in their 

current design have an insignificant effect on track systems with high initial TDR values. In 

consequence SBB dismissed the idea of rail dampers for the current situation and in due 

respect to the minor benefits and large costs for modern SBB railway tracks.  

A coated rail (resilient absorber covering rail web and foot) was tested in [DB Netz 2011] and 

concluded to have an overall insertion loss for pass-by noise measurements of less than 1 dB. 

 

Table 5: Impact of rail dampers 

 Considerations Noise Ground vibrations Remarks 

 Increase track decay rate to 
reduce rolling noise emissions 
from the rail 

Insertion losses varied over the 
different investigating studies: 
2-4 dB  
1-2 dB  
2.5 dB  
0.7-1.5 dB  
 
In CH only effective in B70 
sleeper system or in situations 
with soft rail pads (the latter 
currently only on the NBS line 
and not noise relevant). 
 
Impact of rail dampers is found 
to be low if TDR was initially 
high (In CH TDR is high in most 
cases) 
 

Rail dampers have next to no 
impact on ground-borne noise 
and vibrations 

Rail dampers are installed to 
damp down rail vibrations 
above the rail resonance. Rail 
dampers change the rail modes 
(pinned-pinned mode) and add 
new ones.  
 
They also increase rail mass 
and lower the rail resonance 
frequency (increases noise up 
to former resonance 
frequency). 
 
SBB does not recommend the 
use of rail dampers in the 
current situation 

 

Knowledge gaps 

1. There are suggestions that rail dampers can interfere with roughness formation. This 

would have to be evaluated before putting rail dampers into heavy use. 

 

3.1.2 Rail pad 

The rail pad is placed between rail and sleepers to protect the sleepers from stress spikes 

induced by the passing train. Its stiffness partially determines the natural frequencies of rail 

and sleeper vibrations. Its damping determines the amplitude of those resonances as well as 

the mode shapes of some of the rail bending modes. 

3.1.2.1 Rail pad stiffness 

As seen above the rail pad stiffness determines the second cut-on frequency, where the rail 

vibrations decouple from the rest of the track superstructure. The higher the stiffness of the 

pad the higher is the cut-on frequency and thereby the frequency regime of increased noise 

emissions from the rail. It must be noted that this in return increases the noise emission from 

the sleepers as more vibrational energy is transferred to them. The stiffness, where the noise 
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emissions from rail and sleepers are approximately equal is much higher than the stiffness of 

‘hard’ rail pads being in use today [Thompson 2009]. Most rail pads show an increase in 

dynamic stiffness with increasing frequency. Whether and how the stiffness affects 

maintenance intervals as in enhancing or preventing roughness formation is still being 

debated. The rail pads stiffness is also dependent on load; static stiffness can more than 

double by only preloading in the fastening system. Dynamic stiffness will generally be higher 

than static stiffness and may change with the amplitude of the excitation, the aging of the 

material and the temperature (lower temperature means stiffer pads). The effect of aging on 

the rail pad stiffness is still in debate, as some findings suggest an increase in stiffness with 

age, as was formerly found in elastic elements consisting of rubber [Hamaguchi 2009]; while 

other tests done on HDPE (high-density polyethylene) [Kaewunruen 2006] suggest that while 

static stiffness is almost unaffected, dynamic stiffness and damping decrease with age. 

Findings from Japan [Saito 2014] report an increase of static stiffness in soft pads by 25 

percent over the duration of 60 months but do not find a correlation to noise measurements 

from the same period. Up to date all studies on rail pad aging effects suffer from bad 

statistics and/or uncertain boundary conditions.  

 

Findings from the ÖBB [OBB 2014] suggest that the rail pads elastic properties mainly play a 

role in the intermediate frequency regime from 200 to 1600 Hz and that TDR values increase 

with pad stiffness likewise as noise emissions decrease. The same trend was observed by VUZ 

[NOVIBRAIL 2014]. Possible track degradations associated with pad stiffness are listed in 

[Kaewunruen 2006] and [OBB 2014] , where abrasion of the sleeper, crushing of gravel, 

pumping of sediment and cracking of sleepers are all related to high sleeper stresses or 

vibrations and thereby are fostered by hard rail pads. Rail corrugation is partially also 

associated to hard rail pads [Grassie 1982] as it may appear due to coupling of sleeper modes 

to rail vibrations under high stresses. The benefits of resilient (soft) pads for ground 

vibrations above 60 Hz and less rail corrugation formation was studied in [RIVAS 2013]. 

 

TDR findings: Higher stiffness also resulted in higher frequencies for the second cut-on 

frequency. As pad stiffness is generally higher than ballast stiffness, this will also raise the 

sleeper resonance frequency, which in terms may be compensated by increasing the sleeper 

mass. TDR values also benefit from larger supporting areas (larger rail footings where in 

contact with the rail pad) [Gramowski 2012]. Potential increase in maintenance from faster 

roughness formation due to stiffer rail pads needs to be investigated. For TDR measurements 

the stiffness of the rail pad is determined from the preload from the fastening system unlike 

in train pass-by were the axle load is dominant. Nonetheless the preload was found to change 

TDR values and had a direct effect on noise emissions in [SNCF 2010]. This suggests that the 

radiating dimension along the rail is larger than the local deformation from the axle, or rather 

that there is a significant part of the vibrational energy still in the rail when the wheel has 

already passed on. 

Within the SBB FaktorX project [SBB 2016] it became apparent that seemingly comparable 

track systems could deviate significantly in regard to their TDR. It was observed that track 
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compositions made of B70 sleepers and hard rail pads displayed the characteristic low TDR 

curves comparable to those usually obtained with soft pads. This raised the questions of rail 

pad aging (as B70 sleepers were all installed before 1991) and the loss in dynamic contact 

stiffness from sleeper and fastening system.  

 

Embedded rail: According to [Thompson 2009] an embedded rail will not show the reduction 

in noise radiation that may be expected from the above made discussion. One should assume 

that the embedding takes away large parts of the radiating surfaces of the rail and therefore 

significantly reduce noise emissions. However, embedding a rail destroys its dipole 

characteristics and lets it emit sound more like a monopole, which may significantly increase 

noise emissions in the frequency range below 400 Hz. In addition the embedding substrates 

will likely exhibit vibrations in phase with the rail head and thereby again enlarging the 

effectively emitting surface area. 

 

EN ISO 3095 (2005) provided a list of influence parameters and their potential effect on the 

noise radiated by the track. Data was mainly drawn from the [MetaRail 1999] project wherein 

the overall parameter sensitivity for track components was determined through TWINS 

calculations and field tests. Considered were best and worst components for noise emissions 

solemnly from the track and an estimated noise level difference (dB) given for changing one 

into the other. For rail pads the noise level difference from a soft pad with a static stiffness 

of 100 MN/m to a hard rail pad with a stiffness of 5000 MN/m was estimated to be 5.9 dB. 

 

Typical rail pad stiffness (static stiffness) of hard rail pads in SBB network are between 

600 MN/m and 700 MN/m, while soft pads have a nominal stiffness of 200 MN/m. The lower 

stiffness is thereby realised through a form factor (reduced contact area).  

 

Table 6: Impact of stiff rail pads 

 Considerations Noise Ground vibrations Remarks 

 Less noise/increased ground 
vibrations; higher lateral rail 
stiffness 

Hard pads have an effect most 
notable in the frequency range 
300-1600 Hz (increased TDR) 
 
Noise decrease of 
approximately 2-5 dB vs soft 
pads 

With harder pads more 
vibrational energy is 
transferred to sleepers and 
ballast 
 
Insertion gain of 5-15 dB in 
frequency range (60-200 Hz) 
 

Rail pad stiffness determines 
the rail resonance frequency. 
Rail pad dynamic stiffness 
changes with: Static stiffness 
(linear), Load (increase), 
Frequency (increase), 
Temperature (decrease), Age 
(?). 
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Table 7: Impact of soft rail pads 

 Considerations Noise Ground vibrations Remarks 

 More noise/less ground 
vibrations 

Soft pads shift the rail 
resonance to lower frequencies 
thereby enhancing noise 
 
Increase in noise between 500 
Hz and 2 kHz by 2-5 dB vs hard 
pads 

Insertion losses of 5-15 dB in 
limited frequency range (60-
200 Hz)  
 
Below the vehicle on track 
resonance frequency the 
ground vibrations were 
enhanced! 
 

Rail pad stiffness determines 
the rail resonance frequency. 
Rail pad dynamic stiffness 
changes with: Static stiffness 
(linear), Load (increase), 
Frequency (increase), 
Temperature (decrease), Age 
(?) 

 

3.1.2.2 Rail pad damping 

The rail pad not only acts as a spring between rail and sleepers but will also add damping to 

the system. The damping has a pronounced effect on rail vibrations for frequencies above the 

first cut-on frequency. The higher the damping the less pronounced the resonance peaks of 

the sleeper and rail coupled vibrations. Rail pad damping will to a lesser extent affect the rail 

bending modes and profile vibrations (i.e. foot flapping modes).  

 

The true rail pad damping is currently an unknown parameter for the standard rail pad types 

used in the SBB network. 

 

EN ISO 3095 (2005) provided a list of influence parameters and their potential effect on the 

noise radiated by the track. Data was mainly drawn from the [MetaRail 1999] project wherein 

the overall parameter sensitivity for track components was determined through TWINS 

calculations and field tests. Considered were best and worst components for noise emissions 

solemnly from the track and an estimated noise level difference (dB) given for changing one 

into the other. For rail pad loss factor the noise level difference from a loss factor of 0.1 to 

0.5 was estimated to be 2.6 dB. 

 

Table 8: Impact of rail pad damping 

 Considerations Noise Ground vibrations Remarks 

 Increases track decay rate; 
difficult to adjust as an 
individual parameter 

Numerical simulations suggest 
an improved situation for noise 
with higher damped rail pads 

Higher damping should also 
benefit the mitigation of 
ground vibrations.  

Dynamic stiffness increases 
with damping. Damping is 
effective for vibrational modes 
of the rail with displacements 
at the rail seat. Longitudinal 
shearing modes of the rail 
wear the rail pad. 
 

 

Knowledge gaps 

1. There is an ongoing debate on whether the use of hard rail pads increases the 

roughness formation. This is related to the general knowledge gap about roughness 

growth rates. 
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2. There are findings that report a loss of dynamic stiffness in aged rail pads while 

other studies on rubber elements show a clear increase of stiffness (yet often only 

static measurements). 

3. To improve ground vibrations and noise likewise it could be beneficial if the damping 

of the rail pad could be changed independently.  

4. To improve ground vibrations and noise likewise it could be beneficial if the stiffness 

of a rail pad could be designed to be load frequency dependent. Advantageous would 

be a low stiffness at lo frequencies and a high stiffness at high frequencies.  

5. As soft rail pads are often made from the same material as hard rail pads but with a 

reduced contact area the design can have an impact (air pockets, heat transfer, 

etc.). 

6. Variety of different rail pad types available from manufacturers. 

7. What are the stiffness and damping ranges for rail pads (minimum/maximum values 

before damaging/running into safety issues)?  

 

3.1.3 Sleeper 

Sleepers give the rail grid stability and act as a coupling device between the rail and the 

ground. Their excitation leads to ground vibrations and they will also emit noise themselves in 

the intermediate frequency domain. The spacing of the sleepers (if periodic) determines the 

pinned-pinned frequency thereby indirectly influencing the noise emissions from the rail. 

Under-sleeper pads will reduce transfer of vibrational energy to the ground but also increase 

amplitudes in the sleeper oscillations and hence their noise emissions. According to 

[Thompson 2009] the average amplitude in the sleeper oscillation is dependent on mass such 

that a higher mass should result in lower noise emissions. 

 

There are several types of sleepers in use consisting of wood, metal or concrete. Standard 

sleepers in Switzerland are the B91 and B70 mono-block concrete sleepers. Sleepers impact 

the noise emissions by coupling to the rail vibrations, either decreasing rail vibrations by 

transferring energy to the ground (and conversion to heat in the elastic track components), or 

enhancing them were the sleepers themselves have (bending) modes. As the sleepers have a 

surface their noise emissions may not be disregarded at low and intermediate frequencies (up 

to frequencies at which the rail decouples from the track structure). Within the SBB FaktorX 

project [SBB 2016] it became apparent that seemingly comparable track systems could 

deviate significantly in regard to their TDR. Correlations were drawn to the type of sleepers, 

where B70 (old type installed before 1990) displayed low TDR curves and B91 (new types) had 

high TDR curves. This raised the question on rail pad aging, the importance of pre-stressing 

(or other unconsidered sleeper properties) and the way the fastening system couples to the 

sleeper (aging included). 

 

The sleeper mass and its elastic layering in between the ballast and the rail pads stiffness is 

an important factor in transferring vibrational energy from the rail to the rest of the track 

structure. It particularly influences the first cut-on frequency and the sleeper resonance. 
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Increasing the elasticity underneath the sleeper will shift both the first cut-on frequency and 

the sleeper resonance to lower frequency values and thereby extending the acoustically 

beneficial regime between sleeper resonance and second cut-on frequency that is 

characterised by high track decay rates. Increasing the sleeper mass or the mass per length of 

the rail by changing the spacing between the sleepers respectively will have a similar effect 

on the resonance frequencies. Altering the spacing between the sleepers will change the 

frequency of the pinned-pinned mode but also the expected response from parametric 

excitation of ground-borne noise and vibrations (at fixed nominal train speed and axle 

spacing). Decreasing the distance between adjacent sleepers shifts the pinned-pinned mode 

to higher frequencies (as well as introducing more damping to the system by enlarging of the 

effective contact area of rail and sleepers). This can best be taken advantage of for the 

lateral decay rate, as typically the pinned-pinned resonance is followed by a frequency 

regime in which wave propagation in the rail is hindered due to anti resonance and 

interference effects. 

 

TDR results from track systems with bi-block sleepers suggest that the gain in flexibility for 

the sleepers leads to less pronounced excitation of the pinned-pinned resonance and 

therefore higher TDR values [Gramowski 2012]. 

 

In [Aikawa 2013] the dynamic properties of sleepers and ballast were examined through 

experimental field tests. Sleeper bottoms were covered with force sensors to determine the 

load distribution from train passages. In addition sleeper modes were recorded in-situ and in 

a free-free condition through 8 accelerometers positioned on the sleeper. Sleeper modes up 

to 800 Hz (3rd vertical bending mode) could be recorded. The results of the in-situ 

measurements thereby resembled those of the free-free tests. 

 

EN ISO 3095 (2005) provided a list of influence parameters and their potential effect on the 

noise radiated by the track. Data was mainly drawn from the [MetaRail 1999] project wherein 

the overall parameter sensitivity for track components was determined through TWINS 

calculations and field tests. Considered were best and worst components for noise emissions 

solemnly from the track and an estimated noise level difference (dB) given for changing one 

into the other. For sleeper types the noise level difference from a wooden (bad) to a bi-block 

sleeper was estimated to 3.1 dB. For sleeper spacing the noise level difference from a track 

with 0.8 m spacing to one with 0.4 m was estimated to 1.2 dB. 

 

A direct comparison measurement of sleeper types was carried out in the SBB network for the 

configurations B06 wide sleeper vs B91 concrete sleepers and B06 wide sleeper vs wooden 

sleepers [DB Systemtechnik 2008]. Both pass-by noise and ground vibrations were measured. 

From 40 pass-by measurements the noise emissions from B06 and wooden sleepers were found 

to spectrally deviate by ±3 dB but to be overall equal. For the comparison of B06 to B91 

sleepers the train pass-by noise emissions with B06 were found to be on average 0.8 dB higher 

than those with B91 sleepers. However, the rail roughness on the track section with B91 
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sleepers was higher (by 4 dB at a wavelength of 3 cm corresponding to a frequency of 700 Hz 

for average pass-by speeds). 

The comparison of ground vibrations in [DB Systemtechnik 2008] revealed that vibrations were 

on average higher with B06 wide sleepers than with wooden sleepers by 0.5 dB and versus B91 

by 3.5 dB higher for passenger trains (DoSto) and 1.5 dB lower for freight trains. In the test 

with B91 sleepers the rail roughness difference again makes the results questionable. A 

comprehensive comparison of concrete and wooden sleepers in the same measurement setup 

is missing. 

 

Table 9: Impact of mono-block concrete sleepers 

 Considerations Noise Ground vibrations Remarks 

 High concrete mass lowers 
sleeper resonance thereby 
enlarging stopband up to the 
rail resonance 
Less resilient than wooden 
sleepers ; must be used with 
rail pads. 

Decreased noise in the 
frequency range 200-700 Hz by 
2-5 dB versus wooden sleepers  
 
Enlarged stopband between 
sleeper resonance and rail 
resonance 

Were found to be better than 
B06 wide sleepers and 
considering rail roughness in 
the test indirectly also to 
wooden sleepers 

Mono-block sleepers exhibit 
modes that make the two rails 
a coupled system (with in-
phase and anti-phase modes) 
Note: Mono-block concrete 
sleepers are the most common 
sleeper type in noisy areas. Bi-
block sleepers are rare in 
Switzerland 
 

 

Table 10: Impact of mono-block wooden sleepers 

 Considerations Noise Ground vibrations Remarks 

 More flexible and resilient 
than concrete sleepers; 
generally installed without rail 
pad 

Increased noise in the 
frequency range 200-700 Hz by 
2-5 dB versus concrete 
sleepers  
 
Higher vibration amplitude on 
sleeper means higher noise 
radiation 
3 dB higher noise than with bi-
block sleepers 
 

  

 

Table 11: Impact of mono-block wide concrete sleepers 

 Considerations Noise Ground vibrations Remarks 

 Less noise/increased ground 
vibrations; higher lateral rail 
stiffness 

B06 wide sleepers are 
comparable to wooden 
sleepers, if they are combined 
with stiff pads. 

B06 wide sleepers had overall 
higher ground vibrations; up to 
10 dB in the frequency range 
below 20 Hz and above 80 Hz 
compared to wooden sleepers. 
 

The increase in ground 
vibrations from wide concrete 
sleepers above 80 Hz in 
comparison to wooden sleepers 
is likely due to a higher track 
resonance frequency. 

 

Knowledge gaps 

1. The importance of the coupling of sleeper modes to rail vibrations above the rail 

resonance frequency is unclear.  
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2. Impact of the sleeper material (composite/wooden/concrete/etc.) on overall track 

performance must be further worked out.  

3. With composite sleepers new sleeper shapes become possible.  

4. What other sleeper properties are important (i.e. prestress) and how do they 

interact with the track dynamics?  

 

3.1.4 Ballast 

The ballast bed is most important in the low frequency regime where it determines the 

resilience of the track and thereby the transfer of vibrational energy into the ground. Its 

stiffness and damping is dependent on gravel size, density (from tampering) and wear (age). 

In itself the ballast will not contribute much to the airborne noise emissions and this also only 

in the low frequencies. Being a porous open medium it will more likely lower the overall noise 

emissions by absorption as may be concluded from calculations and the laboratory tests in 

[Zhang 2015].  

In [Aikawa 2013] the dynamic properties of sleepers and ballast were examined through field 

and laboratory tests. Acceleration stones were placed in the ballast and sleeper bottoms were 

covered with force sensors to determine the load distribution from train passages. In parallel 

the rail seat forces were measured and the sleepers fitted with accelerometers. Peaks 

(resonances) in the spectral load response from sleeper bottom and rail seat were found to 

correlate well with natural frequencies of the sleeper. It could also be concluded from 

frequency response functions for sleeper and ballast displacements that the ballast bed highly 

attenuates the frequencies above 100 Hz, but has next to no effectiveness in the frequency 

regime below. Additional investigations of the elastic modulus and the dynamic stiffness of 

the ballast suggest that the ballast is rigid (while also reducing impact load) above 100 Hz yet 

loses its resistive nature (easily deforms) in the (very) low frequency regime, where it also no 

longer significantly lowers impact loads. It was concluded that there should best be a shock 

absorbing layer (USP) between sleeper and ballast for protections in the (very) low frequency 

range. 

 

EN ISO 3095 (2005) provided a list of influence parameters and their potential effect on the 

noise radiated by the track. Data was mainly drawn from the [MetaRail 1999] project wherein 

the overall parameter sensitivity for track components was determined through TWINS 

calculations and field tests. Considered were best and worst components for noise emissions 

solemnly from the track and an estimated noise level difference (dB) given for changing one 

into the other. For ballast stiffness the noise level difference from a 30 MN/m static stiffness 

(bad) to 1000 MN/m static stiffness (good) was estimated to 0.2 dB. For ballast loss factor the 

noise level difference from a 0.5 to 2 was as well estimated to 0.2 dB. 
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Table 12: Impact of ballast depth 

 Considerations Noise Ground vibrations Remarks 

 sound absorption? Adds 
resilience and reduces impact 
load 

A net mitigation in the form of 
a change in absorption due to 
a frequency shift was found for 
increased ballast depth from 
rescaled laboratory 
measurements in a 
reverberation chamber 

More resilience from ballast 
bed reduces track resonance 
frequency and lowers ground 
vibrations  

 

 

Knowledge gaps 

1. The difference in ballast quality (impact on track behavior) should be looked at and 

indicators should be derived that describe the quality.  

 

3.1.5 Rail fastening 

Particularly in the lateral direction a stiffening effect from the support could be useful, as 

this would shift the second cut-on frequency into a frequency range that actually matters in 

the tracks noise emission. The stiffness of the rail in the lateral direction is dependent on rail 

profile, pad stiffness, but also on the fastening system. 

The standard fastening system used in Switzerland is the W fastening for concrete sleepers 

(W3 and W14). The preload from the fastening will, due to the nonlinear response of the rail 

pad displacement to load (power law behaviour with an exponent >1), have an impact on the 

elasticity of the track. This is most pronounced for soft rail pads [Liu 2013]. As stiffness 

increases with load and noise emission is related to the amplitude of the rail vibration, it can 

be concluded, that the higher the preload, the lower the noise. The fastening system is also 

the main factor to determine the lateral elasticity of the rail (apart from rail profiles). 

Within the RIVAS project SNCF has tested a fastening system with two resilient layers (Vipa 

Valiant) for its potential to mitigate ground vibrations. The softest variation with a total 

stiffness of only 25 MN/m was found to have a positive insertion loss of up to 10 dB above the 

track resonance frequency at about 50 Hz [Bongini 2014]. Test with the a direct resilient 

fastening system (Pandrol Vanguard) in the Hong Kong line had a similar positive effect on the 

insertion loss above 40 Hz. Therein dynamic vertical stiffness was of the order of 10kN/mm 

and lateral stiffness similar to a conventional rail fastener [RIVAS 2013]. As a disadvantage 

both very resilient fasteners were said to increase noise and possibly not be suitable for heavy 

traffic lines. 

 

The nominal preload for SBB clips is approximately 20 kN. 
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Table 13: Impact of resilient direct rail fastening 

 Considerations Noise Ground vibrations Remarks 

 Less coupling to the sleeper, 
therefore lower ground 
vibrations but more noise due 
to deceased rail decay rate. 

Less damping of the rail as 
there is no additional rail pad 
And low rail resonance 
frequency should increase 
noise 

Pandrol Vanguard system was 
found to have an insertion loss 
of 5-10 dB above 40 Hz for 
metro type trains  
 

High preload fastening systems 
show better TDR results and 
should have less noise. 

 

Knowledge gaps 

1. There are reports showing a strong correlation of preload and TDR and thereby noise.  

2. The fixation of the fastener on the sleeper can make for some of the fastenings 

resilience. 

3. It is unclear how the dimension of the fastening system/rail pad impacts the rail 

modes (i.e. pinned-pinned mode), wave propagation along the rail and rail damping. 

4. It could be beneficial to have more fixation points on a sleeper and hence along the 

rail. 

 

3.1.6 Under sleeper pads (USP) 

Under sleeper pads (USP) are used primarily to prevent slip wave generation in curves 

(corrugation) and prolong the lifetime of the ballast bed or compensate for reduced ballast 

bed resilience [DBNetze 2012] and depth. Under sleeper pads were found to often have a 

positive effect on ground vibrations in a certain frequency range [RIVAS 2013][UIC 2009]. 

However, the overall noise emissions are found to increase [UIC 2009][Prose 2016], an effect 

that was also considered in [Kaewunruen 2015]. Whether this increase in noise is caused by 

sleeper noise radiation or a shift in track impedance and thereby noise radiation from the rail 

or both is subject of debates. The benefits associated with USP are [UIC 2009][Prose 2016]: 

 Reduction of long pitch corrugation in curves 

 Reduction in ground vibrations (insertion loss) of up to 20 dB above a certain 

threshold frequency 𝑓𝑈𝑆𝑃 typically in the frequency range of 30 to 160 Hz 

 Fewer maintenance temping intervention cycles  

 Compensation for reduced ballast bed resilience and/or depth 

 Reduction of rail and sleeper stresses due to better load distribution 

 Securing of track geometry and stability 

 Overall reduction in life cycle costs 

While some downsides reported are: 

 Increase in ground vibrations below 𝑓𝑈𝑆𝑃 up to 10 dB in the frequency range 8 to 40. 

 Increase in noise emissions by 1 to 4 dB largely in the 200 to 1000 Hz frequency range 

 Increase in temping intervention cycles in the transition zone of sleepers with and 

without USP 

 Dynamic stresses in sleepers may increase 

 Lateral track resistance can be reduced 
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In [DB Netz 2011] the insertion losses for hard and moderately soft USP were determined from 

measurements. It was found that hard USP had next to no effect, while softer USP had a 

positive impact of 2-7 dB in the frequency range from 6.3 Hz to 125 Hz. No noise 

measurements were carried out in parallel.  

 

Table 14: Impact of USP 

 Considerations Noise Ground vibrations Remarks 

 Lowers frequency at which rail 
grid decouples from rest of 
track structure. Ground 
vibration reduction. 

Increase in noise emissions by 
1 to 4 dB largely in the 200 to 
1000 Hz frequency range 

Reduction up to 20 dB above 
the vehicle on track resonance 
frequency 
 
Increase in ground vibrations 
below vehicle on track 
resonance frequency  
 

 

 

Knowledge gaps 

1. It is unclear what causes the increase in noise with USP installed. Finding the roots 

may help to counteract the noise increase (cost) effectively.  

2. There is an ongoing debate on how rail roughness and rail irregularities develop on 

tracks with USP. 

3. There is little guidance on how to adjust USP stiffness and damping to specific train 

traffic. Vehicle on track and track resonance may need to be tailored to local 

conditions.  

4. What is the benefit of USP in straight lines and how big are the efforts to 

compensate for noise increase (what can be done to compensate noise increase). 

 

3.1.7 Under ballast mats (UBM) 

Under ballast mats are used to dynamically decouple the track superstructure from the 

subgrade (soil). Therein their dynamic stiffness should be below that of the contacting ground 

layer. In [DB Netz 2011] the insertion loss was found to be positive (5-10 dB) for frequencies 

above 40 dB (beneficial for ground-borne noise) and slightly negative (0-3 dB) below (non-

beneficial for ground-borne vibrations). 

 

Table 15: Impact of UBM 

 Considerations Noise Ground vibrations Remarks 

 Applied in situations where the 
substructure is rather stiff; 
Isolation of ground vibrations; 
Protection of surroundings 
against vibrations; Reduction 
of secondary air-borne noise of 
bridge structures; requires side 
support of ballast 
 

No influence Insertion losses of 5-10 dB for 
frequencies larger than 30 Hz  
 
At times an insertion gain is 
seen at the new track 
resonance frequency! 
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3.1.8 Soil 

The soil and subgrade properties (bedding modulus, type, water etc.) are particularly 

important for the stability against settlement of the track and for all sorts of ground 

vibrations. For a track system to have its own resilience work against deformations (low 

frequency excitations) the ground beneath it must be sufficiently rigid [Lombaert 2013].  

The ground vibrations for comparable track superstructures can variate strongly in 

consequence to different soil characteristics [RIVAS 2013]. 

Table 16: Impact of soil improvements (stiffening) 

 Considerations Noise Ground vibrations Remarks 

  No impact as long as track 
stability is maintained 

Numerical examinations 
suggest that subgrade 
stiffening or a wave impeding 
block can give insertion losses 
of 5-10 dB  
 

 

 

Knowledge gaps 

1. How can the relevant soil properties best be determined?  

2. What is the relevance of the soil to (low frequency) ground vibrations? 

3. How to best improve the (subgrade) soil? 
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4 
Railway noise models 

4.1 Software tools for modelling railway noise and vibrations 

4.1.1.1 TWINS 

TWINS (Track-Wheel Interaction Noise Software) is a computer based software tool to derive 

at approximated noise radiations levels for a selected set of material and design specific 

parameters describing the interaction of the rolling wheel on the track. Excitations are 

induced by wheel and rail roughness, which are transformed into a total roughness under 

consideration of a contact filter from the non-point like contact of the wheel and rail. 

Vibrations in the wheel are modelled by using finite elements. Derived modal parameters 

such as natural frequency and mode shapes are used to predict the frequency response of the 

wheel given the excitation expected from the roughness and train speed. The track is either 

modelled as an infinite and continuously supported beam, an infinite and periodically 

supported beam or as an infinite and continuously supported beam with a specifically 

modelled cross section (thereby not including pinned-pinned resonances). Parametric factors 

considered in the calculation are: rail type, rail damping loss factor and pad stiffness in 

vertical and lateral direction, sleeper mass and ballast stiffness in vertical and lateral 

direction [Thompson 2009]. Fehler! Verweisquelle konnte nicht gefunden werden. 

 

4.1.1.2 RIM 

RIM (wheel/rail-impedance-model) is a software tool to estimate noise and vibration from 

railroads. Much like TWINS the model focuses on excitations induced by wheel and rail 

roughness. Within the model the track grid (rail and sleepers) is modelled from Euler-

Bernoulli beams, while the resilient components and contacts are modelled as springs with an 

internal damping and the vehicle body, bogie and wheels are masses. The software 

determines the relevant structure-borne velocities (frequency response functions) onto the 

track components (wheel, rail and sleeper) and into the ground and estimates pass-by noise 

levels from a simple air-borne sound propagation model. Vibration predictions for complex 

structures therein require additional input either from FE modelling or measurements. The 

soil is modelled as a layered half space. Like TWINS the calculation tool RIM depends on the 

validity of its input model parameters such as dynamic stiffness of resilient track components 

[Diehl 1998]Fehler! Verweisquelle konnte nicht gefunden werden.. 

 

4.1.1.3 SONRAIL 

sonRAIL is a software noise simulation tool for railway noise propagated by FOEN that bases 

rather on empirical data, collected from measurements to calculate propagation and 

transmission of noise rather than on calculations made from beam, mass, spring systems like 



Noise and vibrations | Müller-BBM - dBvision - M+P |  43/52 

D1 Go-Leise  |    18 November 2016   

 

TWINS and RIM. The input data being train speed, rail roughness, TDR and local noise 

propagation was gathered in a large measurement campaign and included measurements with 

mitigation measures. The advantage is that real propagation, transmission and radiation 

functions are being used and the effects to i.e. speed or a specific mitigation measure is thus 

based on statistics. The disadvantage arises from uncertainties in untested local boundary 

conditions and its limited applicability to future track designs. Non-existing track layout 

would have to be excessively tested or modelled before entering the database. The other 

disadvantage is that it does not reveal the underlying physical processes and hence will not 

support the development of optimized track designs in the same way a realistic modelling in 

TWINS or RIM could do. It should however be noted that TWINS and RIM both work in the 

frequency domain and therefore are unable to realistically mimic nonlinear dynamics. To 

capture nonlinear behaviour simulations would have to be performed in the time domain. The 

sonRAIL tool naturally incorporates all physical processes as it is based on measurements 

[Thron 2010]. 

 

4.1.1.4 SCHALL03 

The German noise immission legislation for railway traffic is called Schall03. It applies to the 

railway lines and gives limit values dependant on night and day time and sensitivity of an 

area. Limit values only apply to new or substantially upgraded railway lines. The expected 

equivalent noise levels are being calculated on the basis of approximating number of trains, 

speed and type of train, track layout and also possible noise mitigation measures. The 

calculation defines the kind, position and number of noise sources and assumes a dipole like 

radiation along the track. The change in the noise level is given in the octave band between 

63 Hz and 8000 Hz for all sources and measures alike either as weighting factor or level 

difference. Schall03 regards slab track as to increase the noise in the 500 and 1000 Hz octave 

band by 8 and 4 dB respectively while specific absorption added will reduce this again by 2 to 

3 dB. The roughness monitoring (and regular acoustic grinding on specially monitored tracks 

büG) is assumed to give a noise level decrease of 4-5 dB in the frequency range between 

500 Hz and 4 kHz. Rail dampers are listed with a benefit of 1-3 dB in the frequency range 500-

2000 Hz and a rail screening is even assumed to lower the noise by 3-5 dB in the same range 

[Schall03 2014]. 

 

4.1.1.5 Time-domain models 

Time domain models solve the associated differential equations to derive at track dynamics. 

This is computationally very extensive and hence simplifications are often being made in the 

finite element (FE) modelling of track and train. The advantage over the frequency-domain 

models such as TWINS and RIM however is the inclusion of non-linear effects. Shorter 

calculation times are obtained if parts of the responses are again being assumed to be linear 

and time-invariant, such that corresponding impulse response functions (Green functions) may 

be pre-calculated to the actual time-stepping procedure. In this way non-linear wheel/rail 

contact models can be tested [Pieringer 2013]. The pure track (and train) dynamics must 

further be coupled with radiation and propagation modals.   
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Model 
Track 

dynamics 
Noise estimate 

Vibration 
estimate 

Options for 
mitigation 
measures 

New designs 
options 

Calculation 
time  

TWINS linear yes yes all* yes moderate 

RIM linear yes yes all* yes moderate 

sonRAIL no yes  no 
From empirical 
measurements 

no low 

Schall03 no yes no 
limited options 
deduced from 
measurements 

no low 

Time-domain all yes yes all* yes high 

Green 
functions 

(time-domain) 
selected yes yes selected* yes moderate 

* FE modelling of the measure may be required 
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5 
Conclusion 

This report summarizes the literature study and experts interviews done for gathering 

information on track contributions in the noise and vibration generation at train pass-byes. As 

part of this research study the common terminology is defined in chapter 2 and an  

overview of the basic mechanisms behind the noise and vibration generation in the track 

structure is given. From this analysis first conclusions can be drawn as to where mitigation 

measure would have to be applied and what they would have to achieve.  

 

In chapter 3 track components and mitigation measures are looked at specifically with a short 

introduction on their functional relevance and the theoretic predictions, laboratory results 

and field tests reported for them. The basic findings are summarized in impact tables and all 

knowledge gaps identified are listed. Some of the noise prediction models commonly used are 

sketched out in chapter 4. 

 

It was generally found that there remain many knowledge gaps even after an extensive study 

of much of the relevant literature. This is largely related to the fact that different studies 

and tests had different outcomes. The reason may be seen in the various track designs which 

pose a change in the boundary conditions, but also the approach that was taken on testing 

track components or mitigation measures could vary significantly. The high costs and time 

efforts make any systematic rail research heavily based on field tests nigh impossible. As a 

consequence much of the fundamental research is model based, while field campaigns often 

focus on improving a very specific situation that does not necessarily transfer well to other 

situations. The lack of comparable testing methods, systematic testing approached and strict 

recordings of boundary conditions is to be mentioned as the main source of uncertainties in 

the comparison of test results from the literature. 

 

Using the impact tables for the findings from the literature study within the holistic 

optimisation approach of the Go-Leise project should be done with care. However, the 

current findings may suit as starting point for an optimization that evolves around validating, 

tailoring and utilizing them specifically for the Swiss situation. This goes alongside the closing 

of the most important knowledge gaps. 
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Summary 

The Go-Leise project (Gleis Optimisierung betreffend Lärm- Erschütterungs- Investitions- und 

Sicherheits Einflüsse) aims to optimize the whole track system of the Swiss railways. The 

optimization balances noise and vibration levels in the surroundings of the track against life 

cycle costs and RAMS elements (Reliability, Availability, Maintainability and Safety) of the 

track. 

 

In Phase 1 of the project, elements of optimization and references to their impact on noise 

vibrations, RAMS and LCC are identified. This deliverable supplies the optimization with 

information on how RAMS and LCC are impacted by track layout, track compositions and 

specific mitigation measures. We identified the current state of the art and introduced a 

system to score the effect of track changes for RAMS and LCC. In addition, indicators (KPIs) 

are proposed to score the RAMS elements. 

 

We also identified the most important knowledge gaps and proposed methods to solve the 

knowledge gaps so in future the ingredients are available to optimize the track regarding 

RAMS and LCC. 
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1 
Introduction 

1.1 Go-Leise 

With the retrofitting of the Swiss freight fleet with K-blocks and the scheduled ban of cast 

iron brake blocks on the Swiss network, major efforts in noise reduction have been 

undertaken. As a next step, SBB wants to investigate the noise reduction potential of the 

track system. This is not a straightforward task since the track is a complex system of 

vibrating elements that interact with the rolling stock and the substructure. Therefore, 

changing one element of the track system will change the entire transport system response. It 

is therefore essential to consider the complete system when optimizing the track system to 

reduce noise. In this process, not only structural and acoustic effects should be taken into 

account, but also life cycle costs, and the RAMS aspects reliability, availability, 

maintainability and safety.  

 

The focus of the study is the straight track. Only the elements of the track structure shall be 

optimized to reduce the pass-by noise of trains.  

 

The project has four phases. In this phase, phase 1, SBB wants to establish the state-of-art on 

low-noise track systems in an overview study. The questions to be answered are: What is 

available and is known to work? How can these systems be modelled? What are the knowledge 

gaps? How can these gaps be closed by sensible experiments? 

1.2 This report 

The technical design of the (low noise) track system will determine the amount of noise and 

vibration it will reduce compared to the current situation. However, the success of such a 

system will depend on the life cycle costs (LCC) and the ease to implement such a design into 

the Swiss network and the Swiss infrastructure management system. Therefore, it is essential 

that a good estimate of expected LCC and other main properties such as reliability, 

availability, maintainability and safety (RAMS) aspects is made. In the ideal situation, there 

are suitable models for these aspects and they are used already in the design phase of the 

track system. In that case, the optimal solution will not only be optimal regarding noise and 

vibration reduction, but also regarding LCC and RAMS.  

 

This document describes the models and tools that are available to characterise and optimise 

the LCC and RAMS aspects of the track components relevant for noise and vibration. It 

describes the current practice used in Switzerland as well as the state-of-the-art in similar 

countries.  
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The information presented in this document was compiled from (open) literature and by 

interviewing several experts in the field: 

 Mayasi Kamu, Yannick Simon, SBB, CH 

 Jonathan Paragreen, Sheffield University, UK 

 Burchard Ripke, DB Netz, DE 

 Arjen Zoeteman, Anton Lamper, ProRail, NL 

 Peter Veit, TU Graz, AT 

 Mitsunobu Takikawa, JR East, JP 

 Cor Hogervorst, Daan Terburg, André Nolles, BAM Rail, NL 
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2 
Asset management 

This chapter introduces the terms and definitions commonly used in asset management. It 

explains the terms RAMS and LCC and gives commonly used indicators to score the RAMS 

performance. 

2.1 RAMS 

2.1.1 Reliability 

Reliability is defined as the probability that an item can perform a required function under 

given conditions for a given time interval. 

2.1.2 Availability 

Availability is defined as the ability of a product to be in a state to perform a required 

function under given conditions at a given instant of time or over a given time interval 

assuming that the required external resources are provided. 

 

𝐴𝐼 =
𝑀𝑇𝐵𝐹

𝑀𝑇𝐵𝐹 + 𝑀𝑇𝑇𝑅
 

 
MTBF: Mean Time Between Failures 
MTTR: Mean Time To Repair 

2.1.3 Maintainability 

Maintainability is defined as the probability that a given active maintenance action, for an 

item under given conditions of use can be carried out within a stated time interval when the 

maintenance is performed under stated conditions and using stated procedures and resources. 

 

The following terms are related to maintainability: 

Maintenance 

The combination of all technical and administrative actions, including supervision actions, 

intended to retain a product/item in, or restore it to, a state in which it can perform a 

required function. 

Predictive maintenance 

In preventive maintenance, one predicts the moment in time when a failure criterion will be 

exceeded and the maintenance actions are planned and carried out before that moment. This 

prediction is made with a predictive model that is fed by (track) inspection data. 

Preventive maintenance 

The maintenance carried out at pre-determined intervals or according to prescribed criteria 

and intended to reduce the probability of failure or the degradation of the functioning of a 

product/item.  
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Corrective maintenance 

The maintenance carried out to repair a failure or defect in the ‘system’, which occurred 

before detected and corrected during preventive maintenance – or passed unnoticed at 

inspection or planned maintenance. This also includes maintenance measures necessary as a 

consequence of failure in another system that caused damage (e.g. maintenance to the track 

as a result of derailment due to vehicle failure). 

 

Inspection 

Check for conformity by measuring, observing, testing or gauging the relevant characteristics 

of a product/item. 

2.1.4 Safety 

Safety is defined as the state of a technical system which has freedom from unacceptable risk 

of harm.  

 

Risk 

The probable rate of occurrence of a hazard causing harm and the degree of severity of that 

harm. With each other it is important to consider the probability that a hazard actually leads 

to harm. Mathematically this is represented as:  

 

Risk = Rate (of accidents) x Degree of Severity (of harm)  

2.2 Life cycle costs analysis 

LCC analysis is a method for calculating the totals cost of a system or a product over its total 

lifespan. It is a systematic process to quantify and evaluate cost impacts. It is a method for 

decision making through economic assessment and comparison of alternative strategies and 

designs. For railway infrastructure managers, the costs include the following parts: 

 Procurement 

 Operation 

 Maintenance 

 Non-Availability 

 Social Economics 
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Figure 1 LCC components for railway infrastructure analysis, from  [InnoTrack 2005b] 

 

2.3 Key performance indicators 

To measure RAMS performance, a number of indicators are used. The table below shows some 

of the most commonly encountered key performance indicators (KPIs): 

Reliability Availability Maintainability Safety 

 MTBF: Mean 
Time Between 
Failure for 
corrective 
maintenance 

 MTBM: Mean 
Time Between 
Maintenance 
for preventive 
maintenance 

 MTBCF: Mean 
Time Between 
Critical Failure 

 MTBSAF: Mean 
Time Between 
Service 
Affecting 
Failure 

 MLBF: Mean 
Load Between 
Failures 

 Train delay 
hours 

 PPM: Passenger 
Performance 
Measure 

 MTTR or MART: 
Mean Time To 
Repair or Mean 
Active Repair 
Time 

 Repair Time 

 MTTM: Mean 
Time To 
Maintain 

 MDT: Mean 
Down Time 

 Hazard Rate 

 Number of 
derailment due 
to asset 

 Number of 
accidents 

 MTBSF: Mean 
Time Between 
Safety system 
Failure 
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3 
The influence of track design on RAMS/LCC  

3.1 Introduction 

Changing the track design to mitigate noise and vibrations may have an impact on the 

reliability, availability, maintainability, safety (RAMS) aspects and on the life cycle costs. The 

reverse can also be true: changing the asset management to influence the RAMS aspects may 

have an impact on noise and vibrations. Therefore, it is essential in track design to know the 

relationships between noise, vibrations, RAMS and LCC properties of a track system. In this 

chapter, we show these relationships based on existing knowledge obtained from literature 

and current practice at a number of infrastructure providers. 

We use a matrix structure to show the relationship between design changes and RAMS and 

LCC aspects. The design choices are presented for each track component separately. For each 

of the track components we will describe design choices that can be considered to influence 

noise and/or vibrations and we will describe and score the effects on RAMS and LCC. 

The starting point for the design alterations is a generic ballasted track system that is within 

specification and well-maintained: well-aligned track, non-defective fasteners, no hanging 

sleepers, non-corrugated track etc. It is essential that this assumption is satisfied in practice. 

If not, the impact on noise and vibration is probably much larger than can be achieved from 

design changes.  

In addition, we do not consider localized effects related to railway network construction on a 

larger scale such as: rail welds, insulated rail joints, switches, bridge joints etc.  

When we consider the LCC effects for new designs, we assumed that the new design will be 

introduced at the end of the normal lifetime of the reference system. So costs for the 

introduction of the system before that (and hence, accelerated depreciation of current assets 

is not considered). When the new design is introduced during the life time the accelerated 

depreciation has to be considered and the effect on LCC will most likely be different. 

3.2 System breakdown 

A generic ballasted track system consists of the following components (see also Figure 2): 

 Rail 

 Fastener 

 Railpad 

 Sleeper 

 Ballast 

To mitigate noise and or vibration, the following components can also be present 

 Rail damper 

 Under sleeper pad (USP) 

 Under ballast mat (UBM) 
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Figure 2 Components in a generic ballasted track system 

 

Next we will present the design considerations related to noise and vibrations of each 

component and the influence on RAMS and LCC. The scoring of the influence is added 

between square brackets [].The scoring is based on the 3x scale (0, 1, 3, 9, 27) to rate the 

effect (0 = no effect, 27 = major effect) and the sign (+ or -) denotes if it is a positive or 

negative effect. This scoring is an example how this can be conducted. We can imagine that 

in a given circumstance the situation would be looked at in more detail and a different score 

is possible.  

 

At this stage we have made a semi-quantitative scoring of the effects. In the second phase we 

will make a more detailed scoring. This scoring will be made for design choices where in 

principle, the performance (function), risk and costs are in balance: 

 

 

 

 

 

 

 

 

This balance is assumed for both the reference design and the noise and/or vibration 

optimized design. 

 

risks costs 

function 
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We have only looked at changing one parameter at a time. When multiple parameters are 

changed simultaneously, the same method can be applied. The combined effect is the effect 

of changing the individual components plus optional cross effects. An example of a cross 

effect is the possible interference of rail dampers on the rail roughness formation. The 

problem can then be looked upon as a kind of optimization problem. An example of such an 

approach is given in the Go-Leise deliverable D2b3b  

3.2.1 Rail 

 Design 
considerations 

RA M S LCC 

Heavier Profile  Depends on traffic 
load: heavier 
profile for larger 
axle loads and/or 
traffic intensity 

MTBCF 
increases [3+] 

Change of 
equipment on 
a line with 
mixed profiles 
[1-] 

Margin for 
lifetime, 
resistance 
against fatigue 
[3+] 

 Higher capital costs 
[3-] 

 Longer life and higher 
availability when 
applied  at same 
traffic intensity [9+] 

Better Steel 
Grade / Head 
hardened rail 

Intrinsic resistance 
against RCF 
damage, rail 
hardening reduces 
the roughness 
growth rate so low 
roughness 
maintained longer 

Larger stress 
resistance: 
MTBF 
increases [9+] 

May affect 
ease of 
welding and 
hence MTTM 
[1-] 

Postpone 
and/or reduce 
growth rate of 
head-checks 
[9+] 

 Higher capital costs 
[9/3-] 

 Decrease preventive 
and corrective 
maintenance costs and 
increased lifetime 
[3/9+] 

 

More frequent 
grinding 

Grinding to: 

 Achieve low 
roughness for 
acoustics 

 Prevent/correct 
corrugation 

 Prevent/correct 
RCF damage 

 Optimal wheel 
rail contact will 
increase lifetime 

 MTBM 
decreases [3-] 

 MTB(C)F 
increases 
[9+] 

 Grinding 
debris 
causes 
signaling 
failure [3-] 

No influence 
[0] 

 Prevent 
head-checks 
[9+] 

 Prevention 
of 
corrugation 
removes the 
risk of 
fastener 
failure 
[3/9+] 

More grinding: 

 Increase preventive 
maintenance costs [3-] 

 Decrease corrective 
maintenance costs due 
to head checks and 
fastener failure [9+] 

 

German studies have shown that heavier rail will reduce the LCC [Ripke 2016].  

 

In the above table, it shows that the higher capital costs for a better steel grade do, in general, not 

weigh up against the benefits. In UK studies it was shown that the cost-benefit of head hardened rails in 

narrow curves does make sense: reduction of maintenance costs outweighs the increased capital costs. 

This is confirmed from Austrian experience [Paragreen 2016, Veit 2016]. A head hardened rail will mean 

that the wheels will endure more stress. This is however outside the focus of the Go-LEISE project  

A lower grinding speed might be required for head hardened rail since it is more difficult to remove a 

certain amount of metal (grinding depth) [Ripke 2016] 

 

Recent experiences in the Netherlands and Germany indicate that a better steel grade might introduce 

new, previously unknown problems with the increase of the number of squats.  [Veit 2016] 
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An objection against (more) grinding, that is sometimes heard, is the fact that more grinding leads to 

more material removal and hence an earlier replacement of the rail. This belief needs some nuance. 

Earlier replacement is only necessary when an excessive amount of material needs to be removed in the 

grinding actions. This is only necessary when you grind too late, i.e. with a weak (corrective) 

maintenance regime. In practice, earlier replacement due to grinding is rarely an issue. [Veit 2016]  

3.2.2 Rail pad 

 Design 
considerations 

RA M S LCC 

Dynamic 
stiffness: soft 
pads  

More noise, less 
vibration, better 
force distribution 
between rail and 
sleeper. 

MTBF 
increases [3+] 

No influence 
[0] 

Softer pads 
allow more 
lateral 
movement of 
the rail [3-] 

 Reduction of track 
component/sleeper 
damage: longer 
sleeper lifetime [3+]  

 softer pads have 
shorter lifetime [3-] 

 

Increase 
Damping 

Increases track 
decay rate 

No influence 
[0] 

No influence 
[0] 

No influence 
[0] 

May be difficult to 
achieve without 
affecting stiffness 
Reduced lifetime (in 
curves) [-] 

 

German experience shows that softening the pads by changing the geometry (introducing 

holes) will decrease the lifetime of the pads [Ripke 2016]. 

3.2.3 Rail Fastener 

 Design 
considerations 

RA M S LCC 

Resilient direct 
fixation (e.g. 
Pandrol 
Vanguard) 

Less vibrations but 
more noise due to 
deceased rail decay 
rate 

MTBF lower 
than for 
conventional 
fasteners [-] 

Special machines 
required for 
maintenance 
 [3-] 

No influence 
[0]  

 Higher capital costs 
[3-] 

 Lifetime effects 
unknown [+/-] 
 
 

Loose fasteners cause noise increase. Regular (condition based) maintenance is required. 



Tools and models for RAMS and LCC | Müller-BBM - dBvision - M+P |  14/28 

D2a Go-Leise  |    18 November 2016   

 

3.2.4 Sleeper 

 Design 
considerations 

RA M S LCC 

Concrete 
instead of 
wooden 

Higher noise and 
vibration damping 
(some studies 
report more sound 
from wooden 
sleepers) 
Applied in narrow 
corners 

MTBF is better 
[+] 

Wooden 
sleepers can 
be repaired, 
concrete is 
not repairable 
[3-]  

More stable 
track system 
[3+] 
no fire hazard 
[3+] 

 Lower capital costs [+] 

 In general longer 
lifetime [+] 

 Quicker ballast 
degradation, requiring 
more frequent 
tamping [-] 

 Sleeper itself requires 
less maintenance [+] 

Composite/ 
Plastic instead 
of wooden 

Similar dynamic 
behavior as wooden 
but more durable 

 Similar to 
wooden [0] 

Side stability 
is lesser due 
to lower 
weight. Rail 
buckles out 
[3-] 

 Higher capital costs [-] 

 Longer lifetime [+]  

Sleeper 
geometry 
(wide sleeper, 
ladder sleeper, 
frame sleeper)  

Vibration reduction 
[RIVAS 2013] 

 Tamping 
might be 
hindered or 
use of specific 
tamping 
machines is 
necessary [-] 

  Higher capital costs [-] 

 When resulting in 
greater stability, less 
tamping is required [+] 

 

Biggest problem with concrete sleepers is the quicker ballast degradation. Best solution for 

this is USP [Veit 2016]. Ripke argues that the ballast degradation only is a problem when 

wooden sleepers are replaced by concrete sleepers and the ballast bed is untouched. He 

claims that this is no problem the ballast is adapted to the concrete sleeper. In that case, the 

track system with concrete sleepers performs better and less maintenance is needed 

[Ripke 2016]. 

 

For a wooden sleeper, repairment is possible but very costly. Impregnation of wooden 

sleepers is an ecological risk. In Europe, the LCC of concrete sleepers are lower than for 

wooden sleepers [Veit 2016]. 

 

By inspection of the rail profile, a change of the inclination indicates when the railpad is worn 

out and needs to be replaced. This method of inspection only works for concrete sleepers, not 

for wooden sleepers. This prevents damage of sleeper by worn out railpads.  

 

Wide sleepers cannot be tamped, ladder and frame sleeper require special machines. HD 

sleeper can be tamped. A HD sleeper is a variant of the frame sleeper. It is not as expensive 

as a frame sleeper. Applying a frame sleeper pays back only for very high load and narrow 

curves or for narrow curves on high speed lines. The price is about25% more than standard 

solution. In all other cases the effect on the LCC costs is negative. [Veit 2016] 
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3.2.5 Ballast 

 Design 
considerations 

RA M S LCC 

Increase 
thickness 

Decrease vibration 
propagation, 
increase sound 
absorption? 
Increased mass will 
shift 
eigenfrequency in 
combination with 
UBM 

More settlement 
due to movement 
of the ballast in 
horizontal 
direction, MTBF 
decreases [-] 

undetermined undetermined  Higher capital 
costs [-] 

 More ground 
usage [-] 

 

For noise and vibration, the relevant parameters of ballast are: 

 Stiffness 

 Acoustic absorption (porosity, thickness, flow resistance, tortuosity) 

 Stability (tamping and lining need) 

 Mass (in combination with under ballast mat) 

 

Veit agrees that this design consideration has not been investigated thoroughly. He argues 

that the load distribution angle in ballast is assumed to be 40% but in practice it is 20% to 

even 0% when the subsoil is soft. Therefore, thicker ballast might be beneficial for the load 

distribution. However, there are other issues with thicker ballast concerning maintainability. 

He believes that in general, thicker ballast will be negative for RAMS/LCC. This is supported 

by the opinion of Ripke. He argues that thicker ballast will have more problems with 

settlement and will therefore decrease MTBF and hence will negatively affect the availability. 

 

A new and innovative idea is to add rubber granulates to the ballast. This might have a 

positive effect on vibrations and at the same prevents ballast crashing. The effect of lateral 

stability is not known yet. Any effect on tamping is unknown as well.  

 

3.2.6 Rail dampers 

 Design 
considerations 

RA M S LCC 

Apply rail 
damper 
 

Increase track 
decay rate to 
reduce rolling noise 
emission 

No influence 
on vehicle 
bearing 
function [0] 

Inspection is 
more difficult 
Dampers need 
to be removed 
for welding, 
rail 
replacement 
MTTM 
increases [9-] 

Rail dampers 
coming loose 
may affect 
safety [1-] 

Higher capital costs [9-] 
Higher maintenance 
costs due to larger MTTM 
[9-] 

The German experience with rail dampers is rather negative [Ripke 2016]. They decrease the 

maintainability and are expensive. SBB has similar experiences and prefers not to use rail 

dampers. The project X-factor shows that the effect of rail dampers for noise can also be 

achieved by using another  
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3.2.7 Under sleeper pad (USP) 

 Design 
considerations 

RA M S LCC 

Apply under 
sleeper pad 
 

 Protect ballast, 
decouple rail 
system from 
environment: 
vibration 
reduction/ 

 Compensation of 
locally 
inhomogeneous 
conditions: E.g. 
transitions 
between 
different 
construction 
types, between 
embankment and 
bridges as well as 
at level-
crossings. 

 Reduction of long 
pitch corrugation 
in tight radius 
curves 

MTBM 
decreases so 
availability 
increases [3+] 

No influence 
because USP is 
made a little 
smaller than 
the sleeper 
itself to avoid 
tamping 
problems [0] 

No influence, 
or increased 
side stability 
[0/1+] 

 Higher capital costs 
(AT: 740 vs 700 
euro/m for track 
renewal) [1-] 

 Lower maintenance 
costs, increase MTBM 
(tamping cycle is 
doubled), service life 
is 25% more [9+] 

 Lifetime of USP is still 
unknown since they 
have not been applied 
for a very long time 
yet [+/-] 

 

Positive effects of USP, confirmed in UIC tests [UIC 2009] are: 

 Improvement of the initial track geometry quality and of the deterioration rate 

 Reduction of structure-borne noise and vibration 

 Reduction of long pitch corrugation in tight radius curves 

 Reduction of maintenance efforts; possible stretching of Leveling Lining and Tamping 

(LLT) periods 

 

The same study reports that in Switzerland, the main benefits of USP are a reduction in 

maintenance and reduction in whole life costs. In Austria and Germany there are similar 

experiences. So all in all there are many positive experiences with USP. 
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3.2.8 Under ballast mat (UBM) 

 Design 
considerations 

RA M S LCC 

Apply under 
ballast mat 

 Applied in 
situations 
where the 
substructure is 
rather stiff 

 Isolation of 
structure-
borne noise 

 Protection of 
surroundings 
against 
vibrations 

 Reduction of 
secondary air-
borne noise of 
bridge 
structures 

 

 No 
influence 
for the 
track 
system 
itself [0] 

 More 
maintenanc
e in 
transition 
zones [1-] 

 

No influence [0] Allegedly 
reduced 
ballast 
stability 
without side 
support [0/1-] 
can be 
altered also 
by ballast mat 
geometry 
design [0] 

 Higher capital costs 
(also due to side 
support) [9-] 

 Reduction of ballast 
depth in tunnels and 
on bridges/viaducts 
[3+] 

 Reduction of ballast 
degradation and hence 
ballast maintenance 
[+] 

UBM acts as a load distribution and resilient layer. On the RAMS aspects, the experts have a 

different opinion. Veit sees no problem with stability and settlement with soft UBMs. Ripke 

argues that a positive or negative RAMS evaluation depends on the stiffness: soft means 

higher settlement due to less resistance to shear deformation so this is negative. A stiffer 

UBM scores better in RAMS.  

3.2.9 Soil 

Soil is a given parameter at a certain location. No direct effect on noise, but it does affect 

vibrations. Propagation of vibrations is dependent on:  

 pressure,  

 shear,  

 Rayleigh wave propagation speeds/constants.  

In practice, the soil can be improved. Improvement consists of drainage and dehydration of 

soil. Veit argues that this is not really a problem or solution direction for the Swiss railway 

network.  In Switzerland, soil improvement is already common practice (except for the Rhine 

valley).  
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 Design 
considerations 

RA M S LCC 

Soil 
improvement 

Improve 
stability so good 
track alignment 
is longer 
maintained 

No influence if 
tamping is 
done outside 
period of 
availability 
[0], otherwise 
a slight 
positive effect 
[1+] 
Remove speed 
restriction for 
badly drained 
zones [9+] 
 

No influence [0] No to little 
positive 
influence [1+]  

 Higher capital costs 
[new track: 3-, 
existing track: 27-] 

 Maintained track 
stability reduces 
maintenance costs [+] 

 

 

Ripke argues that the investments for soil improvements are very high and it is only feasible 

for new tracks, not for existing tracks. On badly drained soils, there is often a speed 

restriction. When drainage is improved, the speed restriction can be relieved and this has a 

very positive effect on the availability. 
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4 
Models and tools for RAMS/LCC 

4.1 Introduction 

As a part of the European FP7 project INNOTRACK, an evaluation of models and tools for RAMS 

and LCC of railway infrastructure has been carried out [InnoTrack 2007]. Regarding RAMS, the 

evaluation showed that (at the time), the implementation of RAMS analysis into the asset 

management of infra managers (IMs) is in the early stages of development.  Regarding LCC, it 

was found that at the time LCC analysis is done for network enhancement projects, but not 

for the whole track system.  

Nowadays, it is common practice that rail infrastructure managers do incorporate LCC 

analysis in their strategy for asset management [Veit 2016, Ripke 2016]. The evaluation of 

RAMS is at the moment not at the same level of maturity [Ripke 2016]. 

 

The major issue in analysing RAMS and LCC is the availability and quality of data that is input 

to the RAMS and LCC analyses. Data collection is not done consistently and the data that is 

collected is spread out over various systems in the IM’s organisation.  

4.2 What tools and processes are needed? 

To be able to evaluate RAMS and LCC as a part of the asset management process, a number of 

actions and tools are needed. Firstly, the inspection results and maintenance activities need 

to be monitored. This monitoring data needs to be stored in some kind of database to enable 

later analysis. Based on this analysis, preventive of predictive maintenance schemes can be 

developed.   

 

To get correct input for the reliability and availability scoring, the infrastructure manager 

needs to monitor the failures and the necessary repair actions. Furthermore, the causes for 

the failure need to be investigated.  

 

In a reliability study of the track system, critical components for the reliability and safety of 

the track system can be identified by a so-called Failure mode, effects, and criticality 

analysis (FMECA) This involves reviewing as many components, assemblies, and subsystems as 

possible to identify failure modes, and their causes and effects. This also includes looking at 

the probability of the occurrence of a failure mode and the severity of the consequences. The 

result highlights failure modes with relatively high probability and severity of consequences, 

allowing remedial effort to be directed where it will produce the greatest value. 

 

In order to evaluate and decide on costs, an LCC calculation method should be applied that 

weighs the relevant costs in a concise manner. The costs that are to be considered are 

procurement, operation, maintenance, non-availability and the social economic costs (energy 

consumption, environmental impact, delays etc.).  
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In life cycle costing it is often a challenge to get good price values for the social economic 

costs, especially when rating the environmental benefits for noise and vibration reduction. In 

the Go-Leise project this should be given extra attention.   

4.3 RAMS and Maintenance models/tools used by Infra Managers 

In the INNOTRACK project, an inventory was made for tools and models used by infra 

managers to evaluate RAMS and maintenance. It seems that many infra managers use their 

own (developed) tools and models, e.g.: 

 Trail (Network Rail) 

 RailSys (Deutsche Bahn) 

 Optimizer+ (ProRail) 

Since then, there have not been developments to come to a generic tool that can is used by 

all infra managers. Individual infra managers have continued to develop tools to improve 

maintenance. In Germany, a tool called iPROC was developed. This tool is used for prediction 

of rail maintenance based on inspection by the track recording car. [Ripke 2016].  

ProRail uses an RA-tool, so it only looks at reliability and availability. At this moment only 

switches are considered in this tool as they are considered the weakest link in the railway 

infrastructure. ProRail uses the tool to make a comparison between various alternative track 

layouts, for instance on shunting yards [Lamper2016]. 

4.4 LCC models/tools used by Infra Managers 

The INNOTRACK project also made an inventory for tools and models used by infra managers 

to evaluate LCC. As was the case for RAMS tools, each infra manager prefers to use their own 

(developed) tools and models, e.g.: 

 T-SPA (Network Rail) 

 D-LCC (Deutsche Bahn) 

 LCM (ProRail) 

 LCC methodologies (OBB) 

 

ProRail uses a Social Cost Benefit Analysis in their LCC model [Lamper2016]. It values the 

(non) delivery of certain functionalities and safety in terms of finance. The output of this tool 

consists of a comparison of the existing situation with possible new variants expressed in 

 Life Cycle Costs; 

 Costs of cancelled and delayed trains caused by timetable affecting errors; 

 Costs of cancelled and delayed trains caused by train free periods; 

 Costs and benefits for the traveler, shippers and authorities caused by a changed SHE 

performance ; 

 Costs and benefits for society, expressed in transport scope, travelling time, comfort 

etc; 

This is depicted in the figure below 
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Figure 4 LCC in practice at ProRail in the Netherlands.  

 

4.5 Swiss practice 

4.5.1 LCC 

To calculate the LCC of design variants, SBB uses an Excel tool (LCC-Tool V<version>.xlsm). In 

this tool, the following cost component groups are considered: 

 Investments & renewal 

 Preservation (monitoring, maintenance, refurbishment, troubleshooting) 

 Other (asset management, costs of other assets, earnings) 

These costs are input per year that they are made, either as fixed costs or costs per meter of 

the asset or per hour for monitoring and maintenance. The figures for these costs are 

supplied by the purchasing department of SBB.  

 

The cost group categories used in the LCC-Tool are different from the recommendations in 

the INNOTRACK project (see Figure 1). The costs do include the procurement, operation and 

maintenance costs. These are generally considered as the direct costs. The indirect costs 

(costs of non-availability and social economic costs) are not considered.  

4.5.2 Reliability and Availability 

Messerli [2013] shows some indicators related to reliability and availability. Reliability is 

related to the number of incidents resulting in delay and this figure itself is related to the 

MTBF (or rather the MTBSAF). Availability is related the time that a certain asset is not 

available. This is called unavailability and a key figure is the ratio of: 
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train delay minutes

milion route kilometers
 

SBB’s aim for availability is to have a high score on customer punctuality. To accomplish that,  

Messerli proposes a classification for traffic corridors based on operational usage. This is a 

quantification that takes into account the number of trains per day and corrects this 

classification for the number of train paths per day and the availability of backup routes.  

In practice, all main corridors (‘Hauptstrecken’) normally have backup routes. The secondary 

corridors (‘Nebenstrecken’) do not. It is not monitored (directly) when a backup route is 

taken instead of the normal route, but it will show up in the unavailability ratio when taking 

the backup route causes the train to be delayed. 

4.5.3 Maintainability 

According to Messerli [2013] 1[InnoTrack 2005b]the maintainability is related to the time that 

an asset is out of service, or the mean time to repair (MTTR). This time comprises the repair 

time and the time it takes to start the repair (intervention time). 

 

Currently, a corrective maintenance regime is applied for the SBB track. This means that 

maintenance actions are planned and carried out, after defects have been detected during 

inspection. In the near future, SBB wants to start with preventive maintenance for grinding 

and tamping. Rail replacement is carried out at predefined intervals. Replacement of the rail 

takes places according the erosion at the rail based on internal SBB rules. The interval is 

determined by wear and stress. Important criteria are severity (head checks etcetera) and 

urgency. Also traffic load is a factor of interest in this.  

 

Preventive is analysing the trends and plan actions accordingly. 

 

Current track inspection involves the following aspects: 

 Track geometry measurement 

 Rail profile measurement 

 Rail corrugation measurement 

 Track measurement and inspection: condition of rail fastenings, rail running 

surfaces, sleepers, ballast 

 Ultrasonic measurements (Eurailscout) 

4.5.4 Safety 

Derailment is the main safety risk that is influenced with the track design. SBB collects data 

about the derailments in a database but it is not clear whether it is recorded if the 

derailment is caused by track failure. Derailments due to failure of the track system should 

be recorded. We propose to use the measure MTBSF (Mean Time Between Safety system 

Failure) as the performance indicator to quantify safety. 
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5 
Handling gaps and uncertainties 

5.1 Introduction 

 

The previous chapters we discussed the state of the art for asset management and especially 

for the RAMS and LCC part. We have determined the effect on RAMS and LCC when changing a 

track component. We also assessed what is needed for good asset management and how RAMS 

and LCC are handled in other countries and how this compares to the SWISS situation. While 

doing this we also determined gaps in knowledge regarding LCC and RAMS which are 

important for the Go-LEISE project. This chapter describes these knowledge gaps 

 

5.2 Knowledge gaps 

 

5.2.1 Rail roughness growth 

Overall rail grinding and monitoring of the rail roughness is considered as a promising and 

beneficial measure. It has a positive effect on noise, RAMS and LCC. The effect on vibrations 

is less pronounced but it is expected to have a slightly positive effect as well. So, optimizing 

the grinding strategy is very beneficial.  

The roughness growth rate stands out as the determining property to an optimized grinding 

strategy. The mechanisms that drive the roughness growth rates are still not fully understood 

partially due to a lack of complete and reliable data. It could therefore become necessary to 

look at roughness growth rates in the SBB network and look for dependencies on axle load, 

type of traffic, speed, track dynamics and materials etc. If relations can be drawn it could 

become possible to transfer the strategy from one location to other parts in the railway 

network without having to go through the tedious process of the optimization again.  

To obtain complete and reliable data it may be necessary to not just measure the rail 

roughness in test sections but also to record all possibly related parameters: all traffic related 

ones such as speed, load, type of traffic, wheel conditions etc. as well as track related ones 

such as track dynamics and stiffness of pads, ballast, soil or even the condition of the rail 

fastening. The latter is important as interactions may exist between the different rail 

components and the roughness growth rate. There is for instance an on-going debate that 

stiff rail pads increase the roughness formation or how rail roughness and irregularities 

develop on tracks with USP. 
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5.2.2 Under sleeper pad 

 

Under sleeper pads have a positive effect on maintenance and life cycle costs.  There is 

however one aspect that is yet unknown, the life time. This is obvious as they have not been 

applied that long. By monitoring the performance when applying USP this knowledge gap can 

be solved. 

 

5.2.3 Under ballast mat 

There is on ongoing debate whether under ballast mats influence the lateral stability and 

settlement of the ballast. Veit states there is no influence of soft under ballast mats on 

lateral stability or settlement.  Ripke has another opinion and argues that a positive or 

negative RAMS evaluation depends on the stiffness of the UBM: A softer UBM would cause 

more settlement due to less resistance to shear deformation, which is negative.  

A solution for this might be to lock up the ballast with UBM in between concrete walls. This 

hinders the ballast to move which might lead to less settlement. 

 

5.2.4 Lack and availability of data 

In our search to determine the state-of-the –art of LCC and RAMS we have seen that the most 

important issue is the availability of data. There is only a limited amount of historical data for 

RAMS and LCC available and data and cost figures available outside Switzerland may not 

applicable for the Swiss situation. 

A RAMS analysis or LCC calculation is only useful if all data, which is needed, is available and 

is of good quality. Otherwise results are hampered by incomplete or wrong (cost) figures and 

decisions are taken that might have a negative impact. So, the data has to be complete, 

correct and of good quality.  But even if all data is collected it might not be easy accessible. 

Often, data is spread out within an organization and one department may not know that this 

data is collected or cannot get access to the data. Collecting the correct data and making 

them available asks for awareness that data is important for optimal asset management. 

 

5.2.5 Impact of transition zones 

Another important aspect is the transition from one system to another. This will introduce 

areas that might need more maintenance. An example that we saw is that at the transition 

from a track without under ballast mats to a track with under ballast maps extra tamping is 

needed. For successful implementation of changes in the infrastructure and a correct 

optimization all these effects and the consequences on the life cycle costs should be known.  

 

5.2.6 Exact relation between the track dynamics and RAMS/LCC 

A change in a track component might change the track dynamics and subsequently have an 

effect on the RAMS and LCC. We have determined if there will be an effect, how significant it 

will be and whether it will be a positive or negative effect. What we don’t know yet is what 

the exact relations are, e.g. if we lower the stiffness of the rail pad by 25% we cannot yet 

predict what the exact effect on the LCC will be. To our knowledge such a model does not 
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exist yet either and we believe it is not feasible that such a model will be available though it 

can be considered as the final goal.   

An interesting development for such a model might be a project that will start soon in the 

Netherlands. This research project focusses mainly on track alignment and which factors are 

the main reasons for a good or bad track alignment and how significant these factors are. 

Among others it looks at the influence of traffic load and speed, bad drainage capacity and 

bad soil.  
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6 
Conclusion and recommendations 

 

 

The present report deals with asset management. It introduces the common terms Reliability, 

Availability, Maintainability, Safety and Life Cycle Costs.  These terms are explained and  

We have investigated the current state of the art for asset management and how this is 

implemented in several European countries. We also made a comparison with the Swiss 

situation.  We suggested key performance indicators, if not in use yet, to score the 

performance for RAMS. 

 

Secondly, we developed a system to score the influence of changes in the track. This system 

uses a 3x score to distinguish between effects. It has proven to be an useful way to score and 

rank effects, though the scores obtained so far may change due to local circumstances or new 

knowledge. 

 

The goal of Go-Leise is to find the optimized track for noise, vibrations and asset 

management. We conclude that at this moment it is not possible yet to optimize for RAMS or 

LCC. The data to calculate and steer on the KPIs is lacking. We recommend that SBB starts 

collecting the necessary data as soon as possible. Furthermore, a system needs to be designed 

and implement that enables collecting data and in addition can calculate the KPIs. 
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Summary 

The Go Leise project (Gesamtoptimierung, Lärm-, Erschütterungs-, Infrastruktur- und 

Sicherheitseinflüsse) aims to optimize the whole track system of the Swiss Railways. The 

Optimisation balances noise and vibration levels in the surroundings of the track against life 

cycle cost and RAMS elements (Reliability, Availability, Maintainability and Safety) of the 

track system.  

 

In Phase 1 of the project, elements of optimisation and references to their impact on noise, 

vibration and LCC are identified. Phase 1 intends to identify gaps of knowledge and to 

propose methods to bridge these.  

 

The strategy for optimisation is based on three scale levels: the whole network, a rail link 

between nodes and a hot spot, where noise and/or vibration mitigation is required. For these 

three cases, two different levels of mitigation are defined: a high impact scenario, with high 

cost, and a medium impact scenario, with moderate cost or even savings.  

 

The present report combines two intended deliverables, D2b and D3b. Both were supposed to 

deal with optimisation strategies  
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1 
Introduction 

1.1 Background 

With the retrofitting of the Swiss freight fleet with K-blocks and the scheduled ban of cast 

iron brake blocks on the Swiss network, major efforts in noise reduction have been 

undertaken. As a next step, SBB wants to investigate the noise reduction potential of the 

track system. This is not a straightforward task since the track is a complex system of 

vibrating elements that interact with the rolling stock and the substructure. Therefore, 

changing one element of the track system will change the entire transport system response. It 

is therefore essential to consider the complete system when optimizing the track system to 

reduce noise. In this process, not only structural and acoustic effects should be taken into 

account, but also life cycle costs, and the RAMS aspects reliability, availability, 

maintainability and safety.  

 

The object of the study is the straight track. All elements of the track structure shall be 

considered as points of optimisation, with the objective to reduce the pass-by noise of trains, 

reduce the ground vibration from trains and to improve RAMS and reduce life cycle cost.   

 

The project has four phases. In this phase, phase 1, SBB wants to establish the state-of-art on 

low-noise track systems in an overview study. The questions to be answered are: What is 

available and is known to be effective? How can these systems be modeled? What are the 

knowledge gaps? How can these gaps be closed e.g. by sensible experiments? 

 

1.2 This report 

The task in this report is to develop the outlines of an optimisation strategy: how can LCC and 

RAMS on the one hand and noise and vibration exposure on the other hand be compared and 

balanced, given that they are generally expressed in different units?  

And, maybe more important, how can these aspects be taken into account when making 

decisions about the necessity of interference with the track? Such interferences can for 

example be intended to improve the track behaviour with respect to noise, to vibration, to 

safety, to maintainability or simply to cost. How can we decide in an objective and 

reproducible way between the available options to achieve a certain goal? Or, if there is only 

a single interference foreseen, how can we decide whether or not to go ahead with this 

interference, given the impacts to the other track performances?  
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In order to deal with these questions, this report first lists different approaches to multi 

criteria optimisation methods. It deals with each of the different criteria, investigates ways 

to express these in different but comparable quantities, and presents examples of how these 

methods may work out for different cases.  
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2 
Optimisation methods 

2.1 Optimisation 

Optimisation can be described as identifying an alternative with the highest achievable 

performance under a set of constraints. What the highest achievable performance is depends 

on the goal of the optimisation and can be different in each situation. In the case where track 

design is very important the goal might be to maximize the durability and strength of the 

track, or to minimize the weight. At a noise hotspot the goal can be to minimize the number 

of dwellings exposed to high noise levels. In yet other cases the goal can be to minimize the 

costs.  

 

So optimisation is about deciding what the best choice is. It can be seen as a decision making 

process. Such a decision making process towards the optimal solution typically consists of 

several stages: 

 Analyse the current situation and establish the objectives to achieve; 

 Identify options to achieve these objectives; 

 Analyse the options;  

 Make choices; 

 Feedback  

 

Example:  

“what would you like for dinner tonight?” 

Current situation: we have to buy ingredients for dinner, we will be hungry, we have 

to eat something that we like 

Options: we can buy meat or fish or a vegetarian dish 

Analysis: we best like fish  

Choice: we choose the fish 

Feedback: we have eaten the fish, we liked it, we are no longer hungry, we made the 

right choice 

 

A very special type of decision making in an optimisation process is a go/no go decision in the 

case there is not a range of options but just a single one. Some of the steps required for this 

process are identical to the multi-criteria process, viz.  

 Analyse the current situation and establish the objectives to achieve;  

 Analyse the future situation for the case of a go as well as for the case of a no go of 

the (one!) envisaged interference;  

 Compare the impacts with respect to a range of pre-set criteria; 

 Decide about a go or a no go.  
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 Feedback 

 

Example:  

“what would you like for dinner tonight?” 

Current situation: we are hungry and we have only a tin of tomato soup and the shops 

are closed 

Options: we can either eat the tomato soup (go) or have no dinner at all (no go) 

Analysis: we like tomato soup  

Choice: we will have tomato soup for dinner (go) 

Feedback: we have eaten the soup, we liked it, we are no longer hungry, we made the 

right choice 

 

 

In the current report, we will discuss a range of well known optimisation methods 

 The cost-benefit analysis (CBA); with a special application, i.e. the equal benefit 

method;  

 The multi-criteria decision analysis (MCDA); 

 As a variation of the previous: the Stochastic Multi criteria Acceptability Analysis 

(SMAA) 

We will compare these methods both for a choosing process with a range of options and for a 

go-no go decision with only one single option.  
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3       
Cost benefit analysis 

3.1 Outline of the cost benefit analysis method 

A cost-benefit analysis (CBA) seeks the value of the expected impacts of an option. It is 

common practice to express this value in monetary terms, but this is not absolutely 

necessary. The method works best when both the costs (efforts) and the benefits (results) are 

expressed in the same units; this allows establishing a dimensionless ratio factor, which 

makes it easy to compare options. Again, this is not absolutely necessary, certainly not in the 

case where various options with identical impact but different cost are compared, or, vice 

versa, where various options with identical cost but different impact are compared.  

 

For example:  

We have three hours time. How will we spend this time?  

Option 1. Lay back and relax 

Option 2. Work very hard to finalize a report 

The results of these options are:  

Option 1. No output in terms of work 

Option2. Work finished 

In terms of impact, option 2 is the preferred option.  

 

In general a cost-benefit analysis has two purposes: 

• To determine whether an investment is worth it; obviously, this is rather facilitating a 

go/no go decision.  

• To provide a base for comparing different options: It involves comparing the total 

expected cost of each option against the total expected benefits, to see whether the 

benefits outweigh the costs, and by how much. The option with the highest benefit to 

cost ratio is the preferred option.  

 

Summarizing, a cost benefit analysis can serve two different goals:  

 to decide whether or not a single particular option is worth to be implemented, in 

other words it supports a go/no go decision, or 

 to decide which of the available options has the best cost benefit ratio, in order to 

sort alternatives and find the best alternative amongst a range of options 

 

A cost-benefit analysis has some great advantages as a tool for picking an alternative: 

• It considers the gains and losses with respect to all parties involved in the decision; 
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• It values impacts in terms of a single, familiar measurement scale, i.e. money. It can 

therefore demonstrate that an option is worthwhile relative to either doing nothing or 

to some alternatives. 

 

However, there is a limitation of the cost-benefit analysis (re section 3.3). It is sometimes 

difficult to establish a monetary value for the impacts as the data to monetarize the effects is 

lacking. Another difficulty with monetarization is that it may be considered unethical to 

valuate aspects such as health or the number of injuries. 

 

3.2 Constant benefit approach 

A special application of the cost benefit analysis method is that of an equal benefit approach. 

Once the relation to an activity or option and its desired impact has been established, one 

can use the impact, expressed in a unified quantity which is not necessarily a cost quantity 

(!), to line up the different options. This then gives a clear picture of what the best option 

will be in terms of its efficiency. This approach is helpful in cases where cost and benefits 

have different quantities and where it is not straightforward to unify these quantities. A good 

example of such an approach is the famous graph from the STAIRRS project (figure 1 below). 

It lists different noise reduction options, each with a particular cost. The benefit quantity in 

this case is the number of residents saved from being exposed to noise levels above a certain 

limit value. Here this benefit, although not expressed in monetary terms, serves as a way to 

compare different options with identical impacts, purely on the basis of their costs. For 

instance: on the horizontal line with impact 150 (million person years with noise reduction 

down to below 60 dB), one roughly finds 4 solutions (Track absorbers combined with K-blocks; 

track absorbers, K-blocks and optimized wheels; 2 meter noise barriers and K-blocks; 2 m 

noise barriers). The graph clearly shows that option 1 has the lowest costs and is therefore 

the optimal choice.  
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Figure 1  The STAIRRS project produced the above comparison between cost (horizontal axis) and 

benefits (number of persons whose noise is reduced). Cost and benefits are not in the 

same unit. However, on horizontal lines there are various options with similar 

effectiveness but different cost. The option with the lowest cost is the preferred option.  

3.3 Complications of CBA 

3.3.1 Lack of reliable data 

A condition for a proper application of CBA methods is that reliable and representative cost 

data is available. Acquiring cost data in retrospective is not a straightforward task, mainly 

because the cost are usually built up of a series of elements (such as procurement, 

investment, maintenance, removal), and also because the cost are very much influenced by 

local circumstances (for example the accessibility of the site, which is distinctly different e.g. 

for a new line under construction and for an existing line in operation). Therefore, 

retrospective costs are not necessarily applicable to other and new situations. Moreover, it is 

not usual in railway infrastructure management accountancy to distinguish particular cost 

elements and allocate them to certain cost drivers.  

 

As an example, we consider the life cycle costs of a noise barrier. Here, the investment cost 

are highly dependent on the location: cables and piping present in the soil may lead to high 

cost for construction of the barrier, the accessibility of the site for the construction of the 

barrier and the possibility to use machinery on site, the presence of rail traffic on the track 

during construction work, all these factors will be decisive for the actual cost of building the 

barrier. Once the barrier has been erected, the maintenance cost may depend on the site 

being sensitive to possible harassment of the barrier with graffiti and glass panels being 

molested. The additional maintenance cost for removal of the graffiti and repair of broken 

glass are usually part of the total track maintenance cost, charged by a maintenance 

contractor. The costs for graffiti removal and glass repair are not usually accounted 

separately, and if they are, the costs are not allocated to the barrier cost. Further, noise 
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barriers have technical life times of up to 40 years. With barriers being a relatively new 

mitigation method, there is insufficient practical data about the cost of removal and 

replacement of existing barriers.  

 

When cost figures cannot be properly assessed, there is no use in applying a monetarized cost 

benefit analysis method.  

3.3.2 Lack of similar units 

Another problem is that the benefits, similar to the cost, must by expressed in monetary 

terms in order to allow proper balancing of costs and benefits. This implies that all benefits 

must be liable to be expressed in monetary terms. In the case of the Go-Leise project, the 

possible benefits are:  

 A reduction of the noise level and thus of the number of dwellings exposed to 

potentially harmful noise or to noise levels exceeding certain limit values,  

 A reduction of the exposure to ground borne vibrations of dwellings along the track,  

 An increase of the reliability of the track section under concern 

 An increase of the availability of the track section under concern 

 An improvement of the maintainability of the track section under concern 

 An improvement of the railway safety of the track section under concern 

The four latter elements represent the components of the RAMS approach which many rail 

infra managers are familiar with. 

 

Assigning a cost to these beneficial elements is often rather arbitrary, which might affect the 

outcome of the assessment.  
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4       
Cost and benefit concepts 

4.1 Approach to costs 

 

The following table introduces some essential definitions of concepts used in assessing and 

assigning costs.  

 

Concept Explanation 

Investment The commitment of money or capital to an action 

intended to obtain a future added value. Here: the 

capital required to realize the mitigation  

Present value The current value of a future sum of money or stream 

of cash flows given a specified rate of interest.  

Technical lifetime  The total period an asset can technically perform before 

it must be replaced  

Economic or 

useful life  

The period over which an asset is expected to be usable, 

with normal repairs and maintenance, for the intended 

purpose 

Table 1. Definition of key elements in cost assessment 

The simplest and most straightforward approach to costs of an asset (e.g. a noise mitigation 

measure) is to use the investment needed for its realisation. In some exceptional cases, this 

approach is justified if the investment is by far the dominant cost factor. However in most 

cases this is not justified. Moreover, in railway noise control, it is common practice that the 

investment cost of a mitigation measure are financed from a public source (e.g. ministry of 

transport), whereas the maintenance and repair is financed by the infrastructure manager.  

This is the case in the Swiss legislation where the “reasonability” of a measure is related to 

the investment cost instead of the life cycle cost. This could lead to sub-optimal choices 

when it comes to selection of options.  

 

Therefore, we need a life cycle based approach.  

 

First of all, the life span of the asset determines the time it can be used before it has to be 

renewed or replaced. The longer the life span, the longer the re-investment can be 

postponed .This effect is reflected in the Present Value concept. It introduces the interest 

rate and the capital depreciation over time into the investment capital. It answers the 

question:  how much money would I have to allocate at present in order to be able to pay for 
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the replacement of this asset once it has reached the end of its life span? The net present 

value represents the investment related life cycle costs.  

 

But during the life of the asset, many other costs may arise. One obvious element, strongly 

related to the life span, is maintenance. With proper maintenance, the life span can be 

elongated which will result in lower life cycle costs. Proper maintenance is balancing the cost 

of maintenance against the benefits of a longer life.  

 

4.2 RAMS cost elements 

Apart from capital and maintenance cost, various other cost elements may be introduced.  

 

The following table presents the basic elements of a “cost” assessment, both in terms of an 

LCC approach and in terms of the four RAMS elements. This kind of table and the cost 

elements associated with it is particularly suited for line side constructions such as noise 

barriers, which usually require engineering and design, construction site preparation, etc. For 

track related measures such as grinding only a few of the elements apply. This is illustrated in 

table 2b below.  

 

The table was introduced as a basis for discussion, the objective being to bring the number of 

optional cost elements down to one or two preferred ones. Once that has been assessed, the 

cost side of the Cost Benefit Analysis can be quantified.  
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Cost elements during lifetime RAMS elements 
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 Engineering and design     

 Specification     

 Procurement      

 Purchase     

 Testing     

 Acceptance     

 Transport     

 Permits     

 Construction     

 Site preparation      

 Maintenance (cleaning, repair, 
inspection) 

    

 Removal     

 Recycling     

Table  2a. Relation between cost elements and RAMS related elements, particularly for a 

line side intervention such as a noise barrier 
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 Specification     

 Procurement      

 Purchase     

 Mounting     

 Testing     

 Acceptance     

 Maintenance (inspection, 
repair) 

    

 Removal     

 Recycling     

 

Table  3b. Relation between cost elements and RAMS related elements, particularly for a 

track related interventions such as rail dampers. Other variations of the table 

may apply to e.g. grinding 

 

Even though the tables are probably not complete, they clearly show that the cost values of 

many different cost elements have to be assessed in order to be able to derive the financial 

consequences of mitigation interventions according to the RAMS approach. It can also be seen 

that some cost elements do not have obvious corresponding RAMS elements and vice versa.  

 

4.3 Approach to benefits 

Different users of cost benefit assessment for noise and vibration mitigation measures have 

proposed a variety of benefit indicators. The following table presents a cross section of these 

indicators, with the intention to select one or two of these as the preferred indicator to be 

applied consistently in the Go-Leise project. Similar to the previous table, this table goes 

from simple and straightforward to more complex. In the last column, the table presents 

some pros and cons of the particular indicator. 
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Table  4. Examples of benefit indicators for Noise and Vibration mitigation measures 

 

No Indicator Explanation Pros and cons 

1 Insertion loss for noise 

[dB] 

The reduction of the exposure level 

achieved in the situation with 

mitigation measure being applied, 

relative to the situation without 

mitigation measure 

For one impact only (noise); 

value depends on the exact 

location of the impact relative to 

the track 

2 Insertion loss for 

vibration (quantity to 

be decided, either % 

or dB) 

The reduction of the selected 

indicator value in the situation with 

the mitigation measure applied 

relative to the situation without the 

mitigation measure 

For one impact only (vibration); 

value depends on the exact 

location of the impact relative to 

the track 

3 Weighted multiple 

insertion loss 

Weighted total reduction of noise and 

vibration in the situation with the 

mitigation measure(s) applied relative 

to the situation without the 

mitigation measure 

New indicator, not comparable to 

any indicator applied before; 

weighting to be decided; can be 

applied to a combination of 

measures; value depends on the 

exact location of the impact 

relative to the track 

4 Time averaging and 

penalties for specific 

periods of the day 

To be decided for every possible 

indicator 

Deviation from the usual diurnal 

day (24 hours), with 12 hours day 

and 4 hours night averaging and 

with penalties of 5 and 10 dB 

makes it more complicated to  

combine noise and vibration into 

one indicator and more 

complicated to compare with 

legal limits 

5 Sum of the products 

of reduction achieved 

and number of 

dwellings 

experiencing this 

reduction 

This indicator is more dedicated to 

Cost Benefit Analysis as it takes into 

account the entire geographical 

spread of the effect of the mitigation 

measures. For the sake of 

reproducibility however it requires a 

tight definition of the “ cluster” to be 

considered. For a range of different 

definitions of “ cluster”  see below 

This indicator is still relatively 

easy to understand. It may raise 

objections from residents who 

happen to be just outside of the 

defined cluster and hence are not 

included in a consideration of 

mitigation measures 
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Table  5. Examples of benefit indicators for Noise and Vibration mitigation measures (cont’d) 

No Indicator Explanation Pros and cons 

6 Reduction of the 

number of dwellings 

exposed to a level 

above a given 

threshold (see below) 

This is refined version of the previous 

indicator, allowing to ignore dwellings 

with an exposure level that already 

complies with the limits  

This is a suitable indicator when 

the main objective is to reach a 

certain limit. It ignores positive 

effects that occur thanks to a 

reduction even below the limit 

7 Reduction of the total 

number of dwellings 

with an exposure 

within a certain range 

(e.g. 1 dB or 5 dB 

width), in as far the 

exposure is above a 

given limit 

If the range width is chosen properly, 

this indicator allows to take into 

account dose response relationships 

and to assess the effect on the overall 

annoyance. It accounts for low levels 

leading to a lower percentage of 

annoyed residents than high levels 

One particular application of this 

indicator is to rate no 

contribution to the benefits for 

the dwellings with exposures that 

are already below the limit, and 

to rate an increased contribution 

to the benefits if the exposure 

was even above the maximum 

limit and the measure brings it 

below that level 

8 Reduction induced by 

the measure of the 

total number of 

(highly or moderately) 

annoyed residents 

The application of this indicator shifts 

the focus from exposure to effect. 

Preferably, the dwellings with 

exposure below the limit should be 

included, as there is a small 

percentage of people being annoyed 

even at very low exposures 

Changing from the quantity 

dBxExposure to an impact related 

number prepares the use of 

monitarisation of the effect, 

which allows for a cost benefit 

analysis . However, the method 

needs to be explained to 

residents and decision makers 

9 Reduction of the loss 

of Disability Adjusted 

Life Years 

(DALY)within the 

population exposed to 

railway noise in the 

cluster 

The DALY is reflecting the full health 

effects of the noise. It is an 

internationally accepted descriptor 

Introduction of the DALY opens 

the door even further to 

monetarization,  which makes 

cost benefit analysis more 

obvious. The translation into 

DALY can be made for any of the 

options above 
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Table  6. examples of benefit indicators for Noise and Vibration mitigation measures (cont’d) 

No Indicator Explanation Pros and cons 

10 Reduction of annual 

cost due to the 

reduction of loss of 

DALY 

This final step requires an assessment 

of the monetary value of a healthy 

human life year This can be sensitive 

issue, that brings to light socio-

economic differences that politicians 

rather want to avoid 

Once the reduction of health cost 

(in other words the health 

revenue) has been assessed, the 

cost benefit approach is a 

straightforward criterion to 

decide whether a measure should 

be taken or not.  

 

In Switzerland in the ’90-ies, several studies have been published, dealing with the 

“reasonability” of cost of noise mitigation measures (see for example Buwal_1998).  

On the basis of these studies, the Verordnung über die Lärmsanierung der Eisenbahnen1 (4 

December 2015), specifies the “sufficiently efficient” cost of mitigation measures for existing 

situations in Switzerland as follows 

 

Investment cost per ∑(∆dB(A) × Persons) = 3000 CHF (Price level Oct. 1998) 

 

Note that this refers to existing situations and to all infrastructure measures (such as noise 

barriers, track damping) but does not include façade insulation.  

 

Obviously the format ignores maintenance and replacement cost, which in the case of noise 

barriers are for the infrastructure manager and in the case of façade insulation for the owner 

of the property.  

For the purpose of the current report, we will apply this figure as the general benefit 

quantity. For further background, some examples of other approaches are presented in the 

next sections.  

 

4.4 Monetarisation 

In the early 2000’s serious attempts have been made to express the benefits of noise 

mitigation in monetary units. This process is called valuation of noise. In 2003, the EU working 

group on Health and Socio-Economic Aspects of noise published a position paper on Valuation 

of Noise. The paper discusses two different methods of valuation:  

 

 Willingness to pay, also called Stated Preference, where people are asked how much 

they would be prepared to pay if their noise situation would be improved by a given 

amount.  

                                                       
1
 Decree on the Noise Mitigation of the Railways 
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 Hedonic pricing, which is taking into account the difference e.g. in the cost between 

otherwise comparable properties which differ mainly with respect to their noise 

exposure. 

On the basis of available figures at the time, the position paper recommends to use a value of 

the perceived benefit of noise reduction of 25 € per household/decibel over 55 dB/year. Note 

that a given noise mitigation measure would reduce the noise exposure for many years, so the 

total benefit is best expressed as a present value. On that basis, the monetary benefit for a 

significant reduction of say 5 dB can represent a substantial amount.  

 

In addition to the above methods, a third method is sometimes applied (where feasible), 

which is based on the “avoided costs”. Here, the benefits of a mitigation measure are 

expressed in terms of the cost related to another, less efficient option, which cost are 

avoided by making the right choice. If this approach would be applied more general, there 

could be more emphasis on the mitigation of noise and vibration. For example:  

 

A tunnel is planned for a section of a newly planned line. An urban area exists on the 

planned route, but with the tunnel it will not be affected by noise at all. This benefit 

can be expressed as the avoided cost of a noise barrier which would have been 

necessary if the tunnel had not been planned. The equivalent life cycle cost of the 

avoided barrier can be attributed to noise control objectives and might be subtracted 

from the tunnel cost.  

 

4.4.1 The concept of DALY 

Once the exposure of a number of residents along a railway line is known, one can calculate 

the number of highly annoyed people from the dose response relations, given in e.g. the EC 

position paper2  

 

                                                       
2
 EC Position paper on dose response relationships between transportation noise and annoyance, ISBN 92-

894-3894-0, 2002 
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Graph 1. Dose response relationship for high annoyance due to  railway noise,  

according to EC position paper 

 

The total number of highly annoyed people is assessed as a percentage of the total population 

within the cluster. This allows assessment of the total number of highly annoyed persons in 

the cluster.  

This translation from exposure to high annoyance is made with the use of dose response 

relations (Graph 1).  

 

The next step is to go from highly annoyed persons DALY’s . Daly’s are used to express the 

“burden of disease” due to e.g. an environmental agent such as PM10 or noise exposure.  

 

One DALY is one “disability adjusted life year”. If, as a consequence of exposure to some 

agent, a person dies prematurely, the loss of life years is considered to be (part of) the loss of 

dalys. But this is only true if during the life years the person would have been healthy and in 

good condition. Therefore, in addition to the lost year, the life years are weighed to a shorter 

value, as some kind of penalty for the fact that these years were affected by disabilities like 

illness. The concept of DALY is explained briefly below (following the Worlds Health 

Organisation’s definitions) 
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Table  7. Calculations with Disability Adjusted Life Years (example) 

One DALY can be thought of as one lost year of "healthy" life. The sum of these 

DALYs across the population, or the “burden of disease”, can be thought of as a 

indicator of the gap between current health status and an ideal health 

situation where the entire population lives to an advanced age, free of disease 

and disability. 

 

DALYs for a disease or health condition are calculated as the sum of the Years 

of Life Lost (YLL) due to premature mortality in the population and the Years 

Lost due to Disability (YLD) for people living with the health condition or its 

consequences.  

 

Calculation: 

DALY = YLL + YLD 

 

The YLL basically correspond to the number of deaths multiplied by the 

standard life expectancy at the age at which death occurs. The basic formula 

for YLL (without yet including other social preferences discussed below), is the 

following for a given cause, age and sex: 

 

YLL =  N x L 

 

where: 

N = number of deaths 

L = standard life expectancy at age of death in years 

 

Because YLL measure the incident stream of lost years of life due to deaths, an 

incidence perspective has also been taken for the calculation of YLD in the 

original Global Burden of Disease Study for year 1990 and in subsequent WHO 

updates for years 2000 to 2004. 

 

To estimate YLD for a particular cause in a particular time period, the number 

of incident cases in that period is multiplied by the average duration of the 

disease and a weight factor that reflects the severity of the disease on a scale 

from 0 (perfect health) to 1 (dead). The basic formula for YLD is the following 

(again, without applying social preferences): 

 

YLD = I x DW x L  

 

where: 

I = number of incident cases 

DW = disability weight 
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L = average duration of the case until remission or death (years) 

 

Prevalence YLD 

The recent GBD 2010 study published by IHME in December 2012 used an 

updated life expectancy standard for the calculation of YLL and based the YLD 

calculation on prevalence rather than incidence: 

 

YLD = P x DW 

where: 

P = number of prevalent cases 

DW = disability weight 

 

Social value weights (age-weighting and discounting) 

The original Global Burden of Disease Study and WHO updates for years 2000-

2004 also applied several social value weights in the calculation of DALYs for 

diseases and injuries. Apart from the disability weights, these also included 

time discounting and age weights. For more information on these, refer to the 

original WHO documents.  

 

In The Netherlands, a study was carried out in 2005 assessing the burden of disease for 

various environmental actors. For noise, the EC position paper dose response relations were 

used to derive the number of highly annoyed people. The results are presented as numbers of 

DALY’s per one million people highly annoyed by rail traffic. There is a large variability in the 

results.  

 

DALY (highly annoyed by railway noise) =  65 with variability between24  and  158. For 

comparison: the figures for road traffic noise are substantially higher (1122).  

 

Although it is quite arbitrary what value to assign to a DALY, there is high political sensitivity 

to the assigned value. The discussion on the value of a human life is significant in e.g. 

medicine and crime fighting policy. Also the question whether or not there should be a 

difference between different countries (e.g. according to the wealth level) or between 

different social groups is sensitive. For the purpose of the environmental cost benefit analysis 

it is probably sufficient to agree on a more or less realistic, standardized value. This may be 

somewhere between 30.000 euro (the value recently decided for health care discussions in 

the UK) and 150.000 euro (for higher classes in wealthy countries).  
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5 
Multi Criteria Analysis 

5.1 Background of the method 

The multi-criteria decision aiding (MCDA) is a method to compare different options and to 

provide an overall ordering of options, from the most preferred to the least preferred option. 

It explicitly considers multiple criteria, both monetary and non-monetary. A multi-criteria 

decision aiding breaks the problem into more manageable pieces, gives judgement on those 

pieces and then reassembles the pieces to present a coherent overall picture to decision 

makers. It is a more abstract method which needs weighting factors for each criterion that 

need to be established for each specific situation. Its higher abstraction level also requires 

more effort to explain the method and the results. In MCDA, one cannot make much use of 

existing values research base. MCDA, at this moment, is also a method that is less common, 

which makes it more difficult for decision makers to apply. The establishment of weighting 

factors in MCDA requires expert judgment and more subjective decisions. The lower 

objectivity and lower scientific support may lead to a lower acceptance of the outcome. The 

fact that the weighting factors can be tailored to the situation and to the local public may 

also be used as an advantage, since it allows for greater public participation if the people are 

actually involved in setting the balance between the criteria. It also allows decision-makers 

to emphasize certain policy aspects by giving greater weight on certain criteria. 

 

5.2 Working principle of MCDA 

 

A multi-criteria decision aiding consists of several stages: 

 
1. Establish the decision context; 

2. Identify the options to be raised; 

3. Identify objectives and criteria; 

4. Scoring: 

a. Describe the consequences of the options; 

b. Score the options on the criteria; 

5. Weighting: Assign weights to each criterion to indicate their relative importance; 

6. Combine the scoring and weighting: 

a. Calculate the overall weighted scores at each level in the hierarchy; 

b. Calculate overall weighted scores; 

7. Examine the results; 

8. Sensitivity analysis. 
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These stages will be explained in more detail below. 

5.2.1 Step1: Establishing the decision context 

In the first step, the aim of the MCDA needs to be defined: which problem should be solved? 

One should also look at the context of the MCDA. What is the current situation, and which 

goal(s) are we trying to achieve? If this step is done wrong, it can result in the perfect 

solution, but for the wrong problem. 

Secondly, the key players and the stakeholders need to be defined. A key player is someone 

who can make a useful and significant contribution to the MCDA. Stakeholders are the people 

who have an investment in the consequences in any decision taken. They may not participate 

themselves in the MCDA process but their values should be represented by the key players. 

In this stage, the MCDA should be designed as well. This means we should decide who carries 

out the MCDA and how we do the MCDA.  

 

For Go-Leise we can think of the following goals to be achieved 

 A noise hotspot that needs to be solved; 

 Improvement of the track quality; 

 Reduction of vibration annoyance; 

 Minimizing maintenance costs; 

 Changes in maintenance strategy; 

 A combination of the goals mentioned above. 

 

A list of possible stakeholders is given below. Whether or not one of these 

organisations/persons is an actual stakeholder for a given situation will depend on the 

situation itself. 

 SBB as the infrastructure manager; 

 The railway undertakers; 

 Local or national government. 

Very often, stakeholders are found within one organisation, for example: the engineering 

department, the environmental department, the accountancy and the general management. 

Or: the project team and the project manager.  

5.2.2 Step2: Identifying the options 

The second step determines which options will be considered in the analysis: So for Go-Leise 

this means it shall be decided which changes in the infrastructure/ sound – or vibration 

measures will be considered in the analysis. 

 

5.2.3 Step 3: identify criteria 

Assessing options requires thinking about the consequences of the different options. It is the 

consequences that determine the effect of a change in the infrastructure. These 

consequences are referred to as criteria. Criteria are specific, measurable objects and are 

the measures of performances by which the options will be judged. We proposed to use the 
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key performance indicators that are defined in the Go-Leise project as criteria. The table 

below lists criteria and the proposed indicator. Of course it is always possible to add 

additional criteria.  

 

Table 4. Criteria to be used for MCDA within Go-Leise 

 

 

 

 

 

 

 

 

 

AA second part of this step consists of organizing the criteria by clustering them under higher 

level and lower level objectives in a hierarchy. Here the most important trade-off between 

the objectives appears at the top of the hierarchy. Most likely that will be between costs and 

benefits. The cost-benefit analysis is thus the overall result. The next level in the hierarchy 

shows costs as one and benefits as another. In a lower level the costs and benefits are broken 

down further. Costs can be split up into construction costs, maintenance costs, etc. On the 

benefit side we can distinguish between noise reduction, reduction of vibrations and RAMS. 

RAMS can then be further specified again on a lower level. Or we can cluster noise and 

vibration reduction under environmental and then split it up further. An example of such an 

objective tree is depicted in the figure below. 

 

 

Graph 2 Example of a value tree of objectives.  

criterion  indicator 

noise Number of annoyed people 

vibration Number of annoyed people 

reliability Mean Time between service affecting failure (MTBSAF) 

availability train delay minutes/million route kilometres 

maintainability Mean time To Repair (MTTR) 

safety Mean Time Between Safety system Failure (MTBSF) 
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What exactly this tree will look like depends on the aspects taken into account. It is also 

possible to add other criteria as well. 

5.2.4 Step 4: Scoring 

In this step we need to score the individual options on the criteria that have been formulated. 

To be able to score the criteria we have to describe the consequences. The easiest approach 

for this is to write a simple qualitative description per criterion. We propose to use one of the 

key performance indicators given in the deliveries. 

 

Next we can assign a score for each criterion per option on a relative scale. Any arbitrary 

scale can be used. For the RAMS aspects we prefer to use a scale that can differentiate well 

between various options. We therefore propose to use the scoring on the 0, 1, 3, 9, 27 scale 

which we have used to score the effects of changes in the track structures on the RAMS 

aspects and on LCC. This scale seems less suited to score the noise and vibrations effects.  

 

5.2.5 Step 5: Weighting all criteria 

In this step a weight has to be assigned to criteria. This weight represents the relative 

importance of each criterion to the decision. Assigning the weight to each criterion is most 

often done by expert judgement.  

The weight that is given to an option should reflect two aspects:  

• The range of differences of the options; 

• The importance of that difference. 

The following example illustrates this in more detail.  

 

Let’s assume there are three options that are considered in the MCDA. All three have a very 

high safety level already and the differences in safety level between the options are very 

small. Giving a high weight to safety in this case is not likely to differentiate between the 

options. Hence in this case the criterion safety which is widely considered as ‘very important’ 

will have a similar or lower weight than another relatively lower priority.  

 

5.2.6 Step 6: Combine the scoring and the weighting 

In this step the overall preference score for each option is calculated. First calculate the 

overall weighted scores at each level of the hierarchy. After that determine the overall 

weighted score, which is simply the weighted average of its scores on all the criteria. 

 

5.2.7 Step 7: Examine the results 

After the previous steps the ordering of the different options is known. The total scores does 

not only determine which option is best but also give an indication of how much better one 

option is than the other. 
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5.2.8 Step 8: Sensitivity analysis 

The final step in the MCDA is a sensitivity analysis. A sensitivity analysis is conducted to find 

out if the overall ordering of the options is affected if other preferences or weights are 

applied.  

The sensitivity analysis can also be used to predict the effect of future changes or trends. If 

for instance the amount of traffic is likely to change during the life time of the track, you can 

use the sensitivity analysis to see what the possible effect of such a change is. 
 

5.3 How to handle uncertainties 

A separate family of Multi Criteria Decision Aiding was developed in the past decade in order 

to deal with uncertainties in the parameters in each of the essential steps of MCDA: choosing, 

sorting and ranking. For example, instead of resulting in a distinct ranking of options, this 

more advanced method provide probabilities for alternative options to obtain certain ranks. 

The methods are known by the term Stochastic Multi Criteria Acceptability Analysis (SMAA). 

The methods are intended for situations where the information required for a full MCDA for 

example lacks completeness, precision or certainty.  

 

One approach to overcome these weaknesses is to use an inverse method. Instead of assessing 

the values for different parameters (which are often not available), the values are assessed 

that are required to produce a given result. Various developments of the SMAA methods are 

described in [Tervonen, Figuera, 2008]. The method is more analytical and mathematical than 

the MCDA. It starts from estimates of the probability that a certain criterion will indeed 

assume a certain value. The SMAA methods are developed for situations where criteria values 

and/or weights or other model parameters are not precisely known. In the original description 

of this method, dated 1998, there were three indices for the preference of a certain 

alternative: the acceptability index, the central weight factor given by a range of decision 

makers and the confidence index. These indices are calculated through a Monte Carlo 

simulation. The outcome of this process would be a distinction between acceptable and 

unacceptable alternatives. In order to further rank the acceptable options, so that a 

favourable option would be identified, five additional indices were proposed in a paper in 

2001. The application of these indices makes the process less transparent and less 

understandable.  
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6 
Preferred methods for different applications  

6.1 Comparison of the methods presented 

The previous paragraphs introduced CBA, MCDA and SMAA (the latter being an extension of 

the second). Each method has its strengths and weaknesses. These are summarized in the 

table below. 
 

Table  5. Comparison of the CBA and MCDA method in terms of strengths and weaknesses 

 CBA MCDA SMAA 

Strengths - Direct comparison 

between costs and 

benefits in the same 

familiar unit 

- Consistent and 

transparent 

- Highly suitable to support 

go/no go decisions 

- Any criterion can be 

included and quantified 

- Sensitivity analysis is 

relatively easy; allows for 

evaluation of the 

accuracy of results 

- Allows public 

participation and 

democratic decision 

making 

 -Allows emphasis on certain 

aspects 

- Allows for probabilistic 

approach, taking account 

of uncertainties in 

parameters 

- Deals with uncertainties in 

parameters 

weaknesses -Monetarization is needed: 

criteria can only be taken 

into account if they can 

be monetarized (unless 

one uses the equal impact 

method) 

-Monetarization is difficult 

for some criteria due to 

the lack of data 

-Ethical objections against 

monetarization of health 

effects may exist 

- It is not a generic 

method: In each 

situation, it requires 

development and tailoring 

of weighting factors 

- The method is less 

known: this may make it 

more difficult to explain 

the method and the 

results of it 

 

- Method is less transparent 

and not directly 

comprehensible 

- Evaluation may require 

the involvement of an 

analyst 

- More mathematical, 

hence less consensus 

building 

 

Which method is to be preferred to use will depend on the situation. CBA is more suitable for 

policy making, which is generally a large-scale or (inter)national issue, for instance when one 

wants to know what the costs and the benefits are of changing the sleeper type for the whole 
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rail network in Switzerland. CBA will lead to less discussion about the method and the results, 

if based on valid evidence from monetarization research, and will generally be understood 

and accepted. Direct public involvement into the method is not very common for policy 

making on a national scale; public involvement is executed indirectly, through democracy. 

 

MDCA is more suitable for a local situation, e.g. at a local noise hot spot. The MCDA can be 

tailored to the specific situation and the specific public environment. If used well, it may 

increase the acceptance and the increase public feeling of influence on their own situation. 

MDCA also enables the relatively easy incorporation of ‘softer’ criteria (aesthetics, socio-

cultural aspects) which are hard to monetarize in the CBA approach, but which may be 

important for the public opinion and acceptance. 

 

SMAA is a version of MDCA which can account for uncertainties. It is rather complicated and 

therefore more suitable for complex questions with high risks. In more fuzzy situations, where 

the outcome is rather arbitrary and depends much of the “gut feel” of the decision makers, it 

may help to neutralize the discussion into more objective argumentations.  

6.2 Different scales 

 

In chapter 5, we have seen two different approaches for a multi criteria optimization 

strategy, viz. Multi Criteria Decision Aiding (including SMAA) and Cost Benefit Analysis. In 

railway infrastructure, the approaches may be applied at different scales. For the purpose of 

this report, we distinguish: a) whole network, b) rail link between two important nodes and c) 

hot spot. In the next sections we present examples for each of these scale levels. In each 

example, we attempt to address noise and vibration on the one side and RAMS on the other 

side. What usually is missing is cost information. Cost however can be added as a criterion in 

a rather straight forward way (provided that cost information is available or can be reliably 

estimated). The following graph (proposed by SBB) illustrates the comparison of performances 

for noise, vibration and LCC for a range of options. In the left hand graph, various 

hypothetical options are shown. In the right hand picture a specific hot spot is presented, 

where the proposed option (from red dot to green dot) is one where noise is reduced, cost 

(LCC) is reduced but at the cost of vibrations, which may be slightly augmented.  

Such considerations are made in the following examples, however without the cost (LCC) as a 

criterion. For the sake of simplicity, we will not present an example for the SMAA method, as 

this can be considered a special version of MCDA.  
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Graph 3. Ilustration of comparison of different optimization options for whole network (left) and hot 

spot (right). The blue option in the left figure leads to less noise and less cost, but more 

vibrations. The red option (with other parameters included) leads to more noise, more 

vibrations and more cost. The option for the hot spot (right hand graph) leads to lower 

noise and lower LCC, but somewhat higher vibrations.  

 
 

6.3 Whole network approach 

For the infrastructure manager, some decisions may affect the whole network. Looking at the  

six criteria for the Go-Leise project, each of them would be a candidate for a network wide 

decision to improve the performance. The key of the Go-Leise project is in the balance 

between the individual criteria. For instance: an optimization decision for noise should not 

affect the maintainability of the network too much (and preferably not at all). And vice 

versa: a decision to improve the maintainability of the network should not affect its noise 

performance too much.  

 

Adding to the six criteria, the costs emerging from the decision are always very relevant.  

 

In order to make these decisions on a network level, a high and rather abstract level of 

information about the network is required. To some extent this may be at hand: for example 

traffic information (type, speed and number of rolling stock using the track). To some of that 

track information on a whole network level is contained in deliverable 3a of Go-Leise. A large 

part of information however may be lacking: e.g. type and dynamic stiffness of rail pads in 

Noise emission
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C
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C
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the actual state (in percentages of the whole network); average rail roughness level; amount 

of maintenance applied to existing noise barriers. In order to optimize the system, qualified 

guesses would have to be made on the impact of different options. Such guesses would be 

qualitative rather than quantitative. This fact points at the application of MCDA method for 

optimization rather than the CBA method, which requires more quantitative input.  

 

Some information however may be quantitatively available on a whole network level, such as:  

 Total number of residents exposed to certain classes of noise level due to railway 

noise, 
 Total number of residents potentially exposed to vibration levels above a given 

threshold,  
 Total length of track to be ground on an annual basis, including the accompanying 

cost 
 Total cost of maintenance activities per year 
 Total financial amount spent (history) or available (future) for investment in 

upgrading and renewal of existing lines 
 Total financial amount spent (history) or available (future) for the realisation of 

certain mitigation measures, for example noise barriers, on a whole network basis 
 Overall availability of the track, expressed as 100% minus train delays and 

cancellations above a given threshold, as far as these were caused by infrastructure 

related incidents,  
 

In chapter 7, an attempt is made to illustrate the optimization approach on a whole network 

level, both from a CBA and a MCDA point of view.  

6.4 Hot spot 

A hot spot is defined as a stretch of track of a limited length, where an unwanted situation is 

present with respect to one or more of the six Go-Leise criteria. The unwanted or suboptimal 

situation leads to a possible interference. This interference is likely to affect one or more of 

the six criteria. For example: during a normal inspection, beginning head checks were found 

on a 1 km long stretch of track. This affects the safety criterion on this particular hot spot, as 

well as the reliability. Curative grinding of the track is the obvious response. The grinding 

activity affects availability of the track, but only for a short period, and depending on the 

time of day where the actual grinding takes place and the duration of that activity. Both the 

grinding activity itself and the performance of the track once being ground do not affect the 

maintainability of the track. The noise performance would probably profit from the grinding, 

depending on the existing roughness on the hot spot stretch. The vibration performance 

would most likely not be affected, since the roughness to be removed is generally generating 

high frequency vibrations which are damped out quickly when propagating through the soil.  

 

Summarizing: this example shows that a multi criteria design analysis is a good method to 

rate and compare the impacts of the proposed interference. It allows comparison of different 
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sub-options, e.g. related to the type and speed of grinding, provided that information is 

available about duration and impact on roughness for each of the grinding methods.  

 

Since hardly any impact can be expressed in monetary terms, a CBA approach would not be 

effective in this case.  

 

Alternatively, interferences are conceivable where the impact is only on one of the criteria. 

For example, the erection of a noise barrier could affect safety and availability only during its 

construction, and otherwise would not affect RAMS or vibration. In other words, it would have 

a one dimensional impact. In such a case, one could balance the cost (money) and benefits 

(number of people times reduced dB above 55 dB), in the way the Swiss legislation specifies, 

i.e. with CHF 3000 per dB per resident as “sufficiently cost effective” investment cost. 

However, note that this method has some limitations: 

 It takes into account investment cost only, no maintenance or renewal cost, so 

strictly speaking it is not an LCC approach,  
 Even investment costs may differ significantly from the standard due to local 

conditions, such as: how can the construction site be reached with heavy machinery 

and what existing structures, both above ground and underground, may obstruct the 

construction work?  
 

6.5 Rail link 

For the purpose of this chapter, a rail link is defined as a stretch of track between two main 

nodes. It would typically have a length of 10 up to 100 km. This implies that it averages out 

the peculiarities that may affect cost like we saw in the previous section, without allowing 

the same global approach as we could use for the entire network.  

 

For multi dimensional optimizations, i.e. interference with an impact on more than one of 

the Go-Leise criteria, a CBA approach would only be feasible if the cost data would be 

available for the entire line. We expect that in many cases such data is available, as  

 the variance of technical concepts for one single link would be less than for the 

entire network,  

 the contracts for maintenance and renewal are managed on the level of the link,  

 the traffic in terms of rolling stock type, speed and quality is likely to be (almost) 

the same for the entire link and is well known,  

 hot spots for noise and vibrations together with the local conditions for these hot 

spots would generally be known 

 investment budgets (both historic and future) are probably known at a detailed 

level.  
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6.6 Research results 

In the previous sections and examples we have assumed options to be related to one or more 

of the six key criteria to be used in Go-Leise. The options were rather abstract concepts. In 

the case however of real interference measures, there is often a choice between a range of 

concrete technical options, including combining these. This allows for a slightly different way 

of presenting options, viz. along the line of combination of parameters.  

An example of this method, introduced by SBB, is presented in the following graph.  

 

Table  8. Analysis of different options, consisting of 3 elementary mitigation measures, and their 

score for the six Go Leise criteria. Note that LCC is not one of them.  

 
 

Obviously, in this hypothetical example, options 3 (stiff pads, timber sleepers, no under 

sleeper pads, no under ballast mats) and 5 (stiff pads, concrete sleepers, no under sleeper 

pads, under ballast mats) have equal scores. However, option 3 has better maintainability and 

worse reliability than option 5. This kind of presentation may support the development of 

integrated solutions for specific hot spots, built up from a range of available solutions. For 

whole network approach however, this kind of optimisation is not suitable because for the hot 

spot one would have to pick the solution that addressed the most prominent issue at that 

particular hot spot.  
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7 
Examples 

7.1 Hot spot example 

Go-Leise project - Examples optimisation strategy 

 

Case History 1 
For this example, we assume an imaginary village with a railway passing through. The line 

orientation at the site is north to south. The track is straight for a total length of 5 

kilometer. The line passing through the village is a double track line in ballasted track with 

concrete sleepers. There is a small station (only regional trains stop) with a level crossing 

and one turn out.  

 

In the frame of the noise mitigation program, in 2005 a noise barrier of 3 m height was put 

up at the west side of the track. It protects 7 high rise apartment buildings at the west side 

of the track. The lower floor of this building was protected with the barrier, the two higher 

floors have received façade insulation (double glazing and sound proof ventilation).  

 

Traffic has been significantly increased on the line, particularly freight traffic, and the 

speed has been increased from 80 to 100 km/h for freight and from 140 to 160 km/h for 

intercity trains. As a consequence, there have been complaints from the residents about 

noise and vibrations, particularly during the night. SBB has engaged in a meeting with the 

residents and has promised to look into the situation.  

 

An area of interest is defined as a 500 m wide area on both sides of the track. Within this 

area, 575 persons live in different houses, ranging from detached smaller farms to 3 or 4 

storey apartment buildings. The nearest buildings are about 100 m from the track, although 

there is one building at only 100 m and one other at 30 m from the track.  

 

SBB is planning a track renewal for a part of the line, including the line under concern. For 

the 5 km passing the village, the renewal includes total exchange of fasteners and rail pads 

on both tracks, renewal of the rails on the east side track, and replacement/renewal of the 

ballast on both tracks. 

 

Improvement potential  

Potential Optimisation in this case is in the choice of the rail pads. Although the current 

type of rail pads is not known from the SBB track database, the expectation is that by 

choosing stiffer rail pads than before, an overall reduction of noise of 2 dB(A) can be 



Optimisation strategy | Müller-BBM dBvision M+P |  36/44 

D2b3b Go-Leise  |    12 december 2016   

 

achieved. There would most likely be a drawback in the sense that vibration 

levels will increase; estimated increase is + 40%.  

The installation of new rail pads is without additional cost, as rail pads would 

need to be exchanged anyway. However, there is a gap in knowledge with 

respect to the formation of rail corrugation with the new, stiffer pads. Rail 

corrugation formation might become quicker, with the risk that grinding is 

required more often.  

 

Noise survey 

A noise survey was carried out on behalf of SBB. The area of attention is 500 

m from the track at both sides. It is classified as a residential area. The 

“Alarmwert” (priority limit) in this case is 70/65 dB (day/night). The 

Immission Limit Level (IGW) is 60/50 dB (day/night). The night is the decisive 

time span for mitigation. The IGW of 50 is exceeded at all properties. The 

Alarmwert is exceeded at properties closer than appr. 80 m from the track. 

The number of people involved is:  

 

 ≥ 50 dB night:   575 residents in excess 

Thanks to the noise barrier and façade insulation, a number of 268 can be 

subtracted, so that 307 residents remain to be in excess of the night limit 

 

 ≥ 65 dB night:   3 residents in excess 

 

Vibrations:  complaints have been expressed on behalf of 10 residents. 

Their dwellings are indicated with a red boundary line on the map 

 

On the site map (left), buildings with up to 2 storeys are indicated as grey 

blocks, buildings with more than 2 storeys are indicated as orange blocks. The 

numbers in the blocks represent the number of residents living in the 

particular building block.  

 

TDR survey 

SBB decides that the existing track decay rate has to be known, before a 

decision can be made on changing to other type of rail pads. A measurement 

of the existing track decay rates at 5 different spots in the track under 

concern is carried out. The measured TDR implies an average rail pad 

dynamic stiffness of 600 MN/m ± 150 MN/m (95% Confidence Interval).  
 
MCDA 

The multi criteria decision aiding in this case focuses on the decision either 

to replace the existing pads by rail pads of the same dynamic stiffness(option 

1) or to replace the existing pads by rail pads that are substantially stiffer 

(option 2). The expected impact in terms of noise is 2 dB reduction, the 
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expected impact in terms of vibration is +40% in vibration velocity. The investment cost are 

similar for both options.   

 

RAMS analysis 

With respect to the RAMS criteria, no impact is expected to Reliability or Availability of the 

track. No impact is expected on Safety either.  

With respect to Maintainability, there might be an impact. This is depending on the speed of 

roughness growth on the track. The exact relation can be identified as a knowledge gap.  

 

Summarizing for this particular case, the MCDA table looks rather simple and 

straightforward: 

  

Table  9 MDCA result table for the option of stiffer rail pads 

 
 
Discussion 

It must be emphasized that this is only one possible outcome of the table. The weighting of 

the different options is rather subjective. The table however demonstrates clearly where the 

subjective judgment has put the priorities. The table in words:  

 

“Although option 2 has advantages in noise control, its drawbacks in terms of an increase in 

vibration levels and its uncertain maintenance requirements weigh heavier in this case. 

Therefore, option 2 is not selected.”  

This probably means that noise problems (excess of the legal limits) must be dealt with by 

introducing façade insulation for the buildings that are most exposed.  

 

The table also demonstrates the relevance of the knowledge gaps; if we knew exactly what 

the maintenance impact of stiffer pads would be, then we could quantify and balance these 

effects far more accurate and that could alter the entire conclusion.  

 

Finally, the table identifies another knowledge gap: how can we weigh noise exposure (with 

its legal background) against vibration exposure (with a far weaker regulation)? The balance 

can be made by bringing both effects to the same quantity: either annoyance, healthy life 

years or even money.  
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Case History 2  
As a second example, we consider the same situation. In this case, there is a stricter focus on 

noise control. In addition to the introduction of stiffer pads, we introduce a stricter grinding 

regime, which will ensure a smooth track over longer times (so-called acoustic grinding). The 

grinding is introduced and considered a measure not only alternatively to the stiffer pads, 

but also as an add-on in combination with the stiffer pads.  

 

In that case, the table might look as follows:  
 

Table  10. MDCA result table for 4 different options 

 
  
 
Discussion 

The table clearly demonstrates that the combination of option 2 and 3, here presented as 

option 4, has the best overall score. This is mainly thanks to the increased reduction in noise. 

We assume that acoustic grinding has no effect on vibrations.  

 

Obviously, the scores for option 1 and 2 are similar to the score for Case History 1. By not 

addressing option 3 and the combination thereof, we overlook an opportunity to achieve a far 

better result.  

 

7.2 Whole network example 

Case History 3 
 

For this example we consider the construction of noise barriers for the entire network.  

As an estimate of the impact, we refer to the 2009 BAFU report Lärmbelastung in der 

Schweiz (noise exposure in Switzerland). This reports 140,000 residents in 75,000 properties. 

The issue here is whether or not this situation should be attacked with noise barriers.  
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A first analysis used the CBA approach. Assuming that the average reduction required is 5 

dB, the “reasonability” form, taken from the Verordnung über die Lärmsanierung der 

Eisenbahnen, arrives at the following “sufficiently cost effective” budget for the whole 

network:   

 

Budget = 140.000 x 5 x 3000 CHF ≈ 2 billion CHF (2 x 109 CHF.) 

 

This budget would be sufficient to erect some 800 km of 4 m high noise barriers (based on 

the standard realisation cost of CHF 254 per meter length for a 4 m high barrier, as specified 

in the same Verordnung). In fact, these figures are the result of an optimisation process, 

based on a cost benefit analysis. Because this analysis refers to the whole network, local 

deviations can be neglected, under the assumption that they will cancel out. However, 

assuming that this total budget would indeed be spent, the optimisation process for the local 

situation could clearly not be based on the same CBA, since many local aspects would play an 

important role and could thus lead to measures other than noise barriers.  

 

7.3 Rail link example 

A rail link, being a stretch of track between two nodes, is in between a whole network and a 

hot spot with respect to its scale. This implies that some local conditions are probably similar 

for different hot spots along the line. For instance because of similar geographical 

circumstances, similar traffic, similar maintenance policies, etc. Optimisation does not have 

to take place for every hot spot but could be done for the entire link. It is to be expected 

that exact figures are available for important aspects such as maintenance cost, mean time 

between maintenance, etc. This allows a much more accurate estimate for the entire link. 

And as a consequence, a rather accurate MCDA could be made, including cost factors.  

 

Case History 4 
 

We are looking at a particular rail link, linking cities A and B, with a range of smaller cities 

and villages in between. The link has a large percentage of freight traffic. In several 

residential areas along the track, residents have expressed complaints about vibrations. The 

track (ballasted track with mono-bloc concrete sleepers) is in fair condition, but at several 

places the soil is weak and the track shows a tendency to settle. This affects the 

maintenance cost, as the track alignment needs to be improved at relatively short intervals. 

The rail link has received a budget for noise control, to be spent in a period of 10 years.    

 

The management team and the technical staff responsible for this line have come together 

and have decided to enter a multi criteria decision together. Together, they come up with 

the following table of options:  
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Table  11. initial decision making table.  

 
 

On the basis of this analysis, under ballast mats would have to be chosen. The installation of 

these mats could be financed with part of the budget for noise control. As this is a budget 

intended for noise control, the team argues that option 3, stiffer rail pads, would be an 

option that is more in line with the objectives of the financing scheme. This outcome is 

presented to and discussed with a small group representing the residents in various 

communities, together with some local authorities. They express their concern about the 

vibrations and state their favour for option 1, which gives the best result for vibration 

control. They would accept a little bit more noise, if the vibrations were to be eliminated.  

 

As a result of this discussion, weighting factors are introduced for different aspects. As a 

gesture, the link manager proposes to weight the cost at a low priority (weighting 1). 

Vibration will be weighted 4, noise 2, and safety also 2. All the other aspects receive a 

weighting 1. This results in the following table:  

 

 
 

On the basis of this discussion, more frequent maintenance (option 1) is selected as the 

preferred option.  

This example illustrates the “open” character of the MCDA method, and the use of weighting 

factors to express certain preferences.  
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option 1, more frequent maintenance 3 -9 0 3 0 9 -9 -3

option 2, under ballast mats 0 0 0 0 0 3 -3 0

option 3, stiffer rail pads 3 0 0 0 +9 -3 -3 -3

option 4, acoustic grinding 0 -3 0 0 3 -3 -9 -9
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Weighting 1 1 1 2 2 4 1

option 1, more frequent maintenance 3 -9 0 6 0 36 -9 27

option 2, under ballast mats 0 0 0 0 0 12 -3 9

option 3, stiffer rail pads 3 0 0 0 18 -12 -3 6

option 4, acoustic grinding 0 -3 0 0 6 -12 -9 -18
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8 
Conclusion and recommendations 

The present report deals with optimisation strategies, which are intended to allow picking the 

best option out of a range of options. These options are basically interferences with the 

track, usually with a one dimensional objective, such as elongating the maintenance 

intervals, reducing the risk of head checks, improving the availability of the track, reducing 

the noise or reducing the vibration along the line.  

 

We have compared the familiar Cost Benefit Analysis, which is being used to support the 

decision making, to a more comprehensive method, the Multi Criteria Decision Aiding.  

 

The MDCA has some clear advantages in group dynamics, as it allows involving many different 

stakeholders in the decision making process. Moreover, it serves as a written justification of 

the decisions made on the line.  

 

The CBA has the disadvantage that it requires certain numerical values to be available at an 

acceptable level of reliability and representativeness. This is often not the case. The financial 

data used in CBA is often based on investment only. The maintenance cost and renewal cost 

are ignored, although the infrastructure manager is probably responsible for these cost 

elements. The need for reliable LCC based cost figures is a key “knowledge lack” which 

should be addressed in further phases of the Go Leise project.  

 

The preference for one method or the other is clearly dependent on the scale and size of the 

area of interest. For a single hot spot, data is often available to allow an LCC based CBA with 

sufficient reliability. For a whole network, CBA is likely to based on average values. Their 

obvious variability does not affect the reliability of the results.  

For a rail link (range of different communities along a link), there is usually sufficient basis 

for a MCDA. This is consistent with the desire to involve local residents and politicians in the 

decision making process.  
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Summary 

The Go Leise project (Gesamtoptimierung, Lärm-, Erschütterungs-, Infrastruktur- und 

Sicherheitseinflüsse) aims to optimize the whole track system of the Swiss Railways. The 

optimization balances noise and vibration levels in the surroundings of the track against life 

cycle cost and RAMS elements (Reliability, Availability, Maintainability and Safety) of the 

track system.  

 

In Phase 1 of the project, elements of optimization and references to their impact on noise, 

vibration and LCC are identified. Phase 1 intends to identify gaps of knowledge and to 

propose methods to bridge these.  

 

The strategy for optimization is based on three scale levels: the whole network, a rail link 

between nodes and a hot spot, where noise and/or vibration mitigation is required. For these 

three cases, two different levels of mitigation are defined: a high impact scenario, with high 

cost, and a medium impact scenario, with moderate cost or even savings.  

 

The present report, deliverable 3a, serves as a reference report and reflects the state of the 

art with respect to the characteristics of the Swiss rail network, the legislation and 

regulations for noise and vibration currently in force, and the tools available for the 

optimization process. In this respect, it defines building blocks for further work in the next 

phases of Go Leise. No significant gaps in knowledge were identified in the characterization 

of the Swiss network or in the understanding of the Swiss noise and vibration regulations.  

One particular gap, known is the “factor X”, was studied in a separate project and can be 

considered to have been largely bridged.  
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1 
Introduction 

1.1 Introduction 

With the retrofitting of the Swiss freight fleet with K-blocks and the scheduled ban of cast 

iron brake blocks on the Swiss network, major efforts in railway noise mitigation have been 

undertaken. As a next step, the Swiss ministry of transport BAV, in collaboration with SBB 

wants to investigate the noise reduction potential of the track system. This is not a 

straightforward task since the track is a complex system of vibrating elements that interact 

with the rolling stock and the track substructure. As a consequence, changing one element of 

the track system will change the entire transport system response. It is therefore essential to 

consider the complete system when optimizing the track system with the intention to improve 

the track’s performance with respect to noise, vibrations and cost. In this process, not only 

structural and acoustic effects should be taken into account, but also life cycle costs, and the 

RAMS aspects reliability, availability, maintainability and safety. Vice versa, if the 

infrastructure manager wants to improve his maintenance strategy in order to save costs, the 

changed approach may affect noise and vibration generation of the entire track system, as 

from then on it will be in a different condition. Noise, vibration and LCC1/RAMS2 represent 

the three main elements in interaction that are in the focus of the Go-Leise project. Go-Leise 

stands for Gesamtoptimierung, Lärm-, Erschütterungs-, Infrastruktur- und Sicherheitseinflüsse 

(i.e. Whole System Optimization Noise Vibrations Track LCC). 

 

In Phase 1 of the project, an overview is established on the state of the art on low noise and 

vibration track systems. The questions to be answered are: What is available and is known to 

work? How can these systems be modeled? What are the knowledge gaps? How can these gaps 

be bridged by sensible experiments? What is the preferred optimization methodology to 

balance the three elements noise, vibrations and LCC/RAMS.  

 

The focus of Phase 1 is on the straight track. Only the elements that constitute a straight 

track structure shall be optimised to reduce the pass-by noise and/or ground vibration of 

trains.  

 

 

                                                       
1
 LCC = life cycle costs = present value of total of investment and maintenance cost over the entire life cycle 

of an asset  
2
 RAMS = the total of Reliability, Availability, Maintainabiltiy and Safety of an asset 
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1.2 Description of the problem  

In this task we describe some circumstantial information that is of interest for later phases of 

Go-Leise. This comprises of the railway network and geographical situation in Switzerland, 

national noise and vibration regulations that are in force, noise policy, technical regulations 

like EBV (Eisenbahnverordnung Railway Directive) and BEKS (Weisung für die Beurteilung von 

Erschütterungen und Körperschall bei Schienenverkehrsanlagen – Guideline for the 

Assessment of Vibrations and Ground borne noise from railway installations) - and noise 

mapping tools. 
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2 
Network analysis 

2.1 Introduction 

Go Leise aims at optimising the railway track in such a way that noise, vibrations and 

infrastructure LCC are minimized. Within the scope of Go Leise the track system to be 

optimised is the straight ballasted track, which comprises of the components ballast bed, 

sleepers, fasteners, rail pads, and rails. The optimization under concern may include either 

modification of one or several of these components, or adding additional components such as 

under sleeper pads or tuned rail absorbers, or a combination of these. Assuming that the 

optimal track systems that are explored in Go Leise will finally be implemented in the Swiss 

railway network, the question arises where and when such systems are most cost-effective or 

most suitable. For example, if the LCC is considerably high but the noise or vibration 

reductions are very promising, it seems obvious that such a modified system is suitable for 

hotspots first. The modified track system could be installed on locations where noise barriers 

are not possible, not desirable or more expensive than modifying the existing track into a new 

track system. This high performance variant of the Go-Leise track system could be regarded 

as an ordinary noise measure. 

On the other hand, if the LCC is similar to that of the present track system, while the noise 

reduction is just fair or moderate, it may be an attractive idea to set up a plan to replace 

large sections if not all of the railway network. This second variant, a moderate performance 

variant of the Go-Leise track system, could be seen as tomorrow's standard track.  

These are two extreme variants, which both could be cost-effective. The final system may lie 

somewhere in between. The present report will give an outlook on the cost-benefit effects of 

implementation in the network. These extreme variants may serve as a starting point.  

 

In general, the LCC of a product will drop if large scale production and implementation is 

envisaged. As described above, the scale of implementation will depend on the costs per 

deciBel of noise reduction or vibration reduction. The maximum scale of implementation 

could be the total length of the entire railway network in the world, but with respect to the 

Go Leise project it is safer to restrict the potential market volume to the length of the SBB 

network as the maximum scale. The minimum scale will be the track length in the vicinity of 

dwellings.  

 

For this reason this chapter will describe the Swiss geographical situation. This will be done 

on an aggregated level. The current approach can be elaborated in later phases of the project 

if necessary. 
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2.2 Railway network 

The length of the Swiss railway network is about 5'000 km, of which 1'300 km is narrow gauge. 

SBB is the infrastructure manager of about 3'000 km of standard gauge network. Other parts 

of the Swiss standard gauge network are managed by BLS and private railways. A network 

map is shown in Figure 1. The red lines represent tracks managed by SBB. 

For the Go-Leise moderate performance variant ('tomorrow's standard track'), the 3'000 route 

kilometres of SBB represent the potential market volume as input for the Go-Leise LCC 

assessment. Detailed data on the network components and number of tracks et cetera are 

available from SBB through the DfA tool (Datenbank über feste Anlagen) and EK tool 

(Emissionskataster). 

 

Tunnels and curves 

In this first Phase, Go-Leise focuses on straight surface lines (no tunnels). In a later stage, a 

similar process for curves will be adopted, and additional design criteria for curves may be 

taken into account. The total SBB track length in tunnels is about 180 km 

(https://en.wikipedia.org/wiki/List_of_tunnels_in_Switzerland). This length should be 

subtracted from the potential market volume.  

A much larger part of the SBB network is more or less curved. As a rough estimate, by looking 

at the rail map, about 2'000 km is more or less straight (large curve radius). This is the 

potential market volume for the moderate performance variant. 

 

Track system 

The ballasted track of the main lines contains mostly concrete sleepers (type B70 and B91). 

Wooden sleepers are less used, and there is also a limited amount of steel sleepers. The rail 

pads are stiff. On about only 5% of the B91 sleepers softer pads are applied [Scossa-Romano 

2014]. 

 

https://en.wikipedia.org/wiki/List_of_tunnels_in_Switzerland
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Figure 1 SBB network (∙∙∙ —) and other lines. Source: www.sbb.ch 

 

2.3 Network in the vicinity of dwellings 

Only a small part of the SBB network is in the vicinity of dwellings. Rather than defining a 

distance criterion for 'vicinity', an acoustic criterion is more meaningful for Go-Leise. In the 

rail damper study [Scossa-Romano 2014] the number of residents exposed above the noise 

reception threshold IGW (Immissions Grenzwert) per 100 m track segment is used. For 

example, originally about 300'000 persons were above threshold values. Retrofitting the 

freight fleet and building noise barriers have protected about 200'000 persons.Currently, a 

total of approximately 97'000 persons are exposed to railway noise above the IGW 

(Immissionsgrenzwert). 

This information is available within the Akustikprojektierungstool (APT) of SBB. More 

information on Swiss noise limits is given in Chapter 3. 

 

In APT, for a certain noise reduction value per track segment it is possible to calculate the 

number of residents affected, and also the number of residents whose noise reception level 

effectively drops below the IGW. The method was first developed by Hafner and Oertli [2008] 

for determination of the cost-effectiveness of various grinding strategies, but can also be 

used for other innovative noise measures. Later on the method was used for the assessment 

of the application of rail dampers [Scossa-Romano 2014]. For the Go-Leise variant 'noise 

measure' it is therefore interesting to look into this method a bit deeper. 

http://www.sbb.ch/
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The method uses an acoustic criterion and a cost-benefit criterion to sort out the number of 

kilometres where rail dampers are to be applied. The acoustic criterion, which is a mitigation 

potential of either 2 dB or 3 dB, is applied because rail dampers only achieve a high noise 

reduction on tracks that have a fairly low TDR3 by themselves.  

Therefore a statistical model is set up first, which uses TDR sample measurements across the 

network. As the TDR distribution depends on the type of sleeper and pad, the Datenbank über 

feste Anlagen (DfA) is used for geographical information of sleeper and pad type across the 

network. For the acoustic criteria of 2 dB and 3 dB, respectively, the number of track 

segments that have sufficiently low TDR is then calculated. Only on these track segments the 

rail dampers will meet the acoustic criteria.  

These data are then combined with the cost -benefit index of rail dampers (50 CHF per metre 

single track per year, cost-benefit index KNI = 100) and the population data from APT, 

yielding the following results. 

 

Table  1 Results rail damper assessment [Scossa-Romano 2014]. 

Scenario Criterion 2 dB Criterion 3 dB 

V1 baseline, present 

situation 

35  3 km 15  3 km 

V2 if factor X is solved 12  2 km 3  1 km 

V3 in case more soft 

pads are applied  

60  4 km 35  4 km 

 

A range of 15 to 60 km could be used as a first assumption for the track volume for the high 

performance variant of the Go-Leise track system.  

 

Another way to calculate a minimum scale volume for new track solutions is to look at the 

distance between main stations (junctions) in Switzerland. This is because new railway 

connections are generally very suitable targets for implementation of innovative techniques 

(prestige, funding available, advantage in communication with residents). The above range of 

15 to 60 km corresponds reasonably well with the distance between main stations. This range 

can serve well as a minimum scale.  

It is noted this 15-60 km range only refers to the perspective that is required to assess 

infrastructure LCC, and should not be seen as a minimum implementation scale. If a special 

track design is applied as a noise measure, much shorter implementation lengths are possible 

(a few hundreds of metres). But the degree of fragmentation of this 15-60 km range, across 

the network, will most likely affect LCC as well. 

                                                       
3
 TDR = Track Decay Rate = the rate at which running vibrational waves decay when moving away from the 

Wheel rail contact point  
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2.4 Conclusions for Go-Leise 

For the assessment of LCC costs of optimised track solutions it may be necessary to make an 

assumption on the production volumes. For this purpose two variants of an optimised track 

system are considered: 

1. one (reasonably) expensive variant with high performance;  

2. one non-expensive variant with moderate performance.  

The actual Go-Leise solution will probably lie somewhere in this range. In this respect it 

should be stressed that different combinations of components might be used for different 

situations. E.g. if there are no dwellings, meaning that noise and vibrations are not 

important, a different solution (with LCC as most important criterion) could be used. At 

locations with dwellings the costs for noise and vibration control can be factored into the 

increase in LCC. 

 

In some specific cases the need for vibration mitigation measures may be dominant, in other 

cases it may be noise mitigation being dominant, and for large parts of the network, the main 

focus will be on controlling the life cycle cost, while maintaining a reasonable quality for 

noise and vibration. Which one of these cases applies, and how often, will determine the 

approach to the optimized track system. To this effect, it is helpful to consider different 

scales of attention, i.e. the entire network (large scale), a particular link between nodes 

(medium scale) or a hot spot (small scale). Table 2 (below) attemps to link the three scales – 

with their typical lengths indicated in minimum and maximum – to the two Go Leise variants 

and indicates where these variants will be applied with preference.  

 

Table  2  Indicative link between scale, typical length and preferential Go Leise variant to be 

considered 

Scale Defined by Typical length Go Leise variant 

Entire network Surface line, straight 

track 

2’000 km Moderate performance 

variant 

Link between 

nodes  

noise production min 15 km, max 

60 km 

Moderate performance 

variant 

Hot spot number of dwellings min100 m, max 15 

km 

High performance 

variant 
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3 
Regulations  

3.1 Introduction 

In this chapter we develop an understanding of the present Swiss noise legislative situation, 

the status of Emission Plan 2015, the ban on noisy freight trains, or other policy developments 

that may influence the performance or optimum of the new track system (when implemented 

into the network). Additionally, the Swiss implementation regulations (Ausführungs-

bestimmungen zur Eisenbahnverordnung) and instructions for the assessment of railway 

vibrations and ground borne noise (BEKS4) are studied.  

Also noise mapping tools or scenario tools presently in use, or under development, at SBB or 

BAV (Bundes Anstalt für Verkehr- Transport (Bundesanstalt für Umwelt – Ministry of 

Environment)  are reviewed as these may be required to be used in cost benefits calculations 

in later phases of the Go Leise project. 

3.2 Noise and vibration regulations  

The Swiss noise legislation consists of a legal framework of noise limits, a noise abatement 

programme and a noise ceiling system (Emissions Plan 2015). The noise limits that are 

established in law (Lärmschutz-Verordnung) apply to day and night and to four different 

sensitivity zones, see Table . The limits for new infrastructure (Planungswert) are 5 dB more 

stringent than those for existing railway lines (Immisionsgrenzwert, IGW).  

 

Table 3 Noise limits (dB(A) in Switzerland. Source: http://www.bafu.admin.ch/laerm/10312/10995/ 

Sensitivity zone   New infra  Noise reception limit   
(IGW)   

Priority cases 

   Day Night  Day Night  Day Night  
I  Recovery  50 40  55  45  65  60 
II Residential 55  45  60  50  70  65  
III  Mixed  60  50  65  55  70  65  
IV  Industrial 65  55  70  60  75  70  

 

The priority cases (Alarmwert) are used to prioritise the noise barriers and façade insulation 

applied in the abatement programme. The abatement programme also addresses rolling 

stock. Most passenger trains and Swiss-owned freight wagons have already been retrofitted 

with K-blocks. For foreign freight trains a noise ban is established from 2020. Furthermore, 

steel bridges will be made silent, gaps between existing barriers will be closed, and the 

                                                       
4
 BEKS: Weisung für die Beurteilung von Erschütterungen und Körperschall bei Schienenverkehrsanlagen, 

December 1999 

http://www.bafu.admin.ch/laerm/10312/10995/
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development of low-noise rolling stock and infrastructure is supported 

[http://www.bafu.admin.ch/laerm/10526/10527/10528/]. 

3.3 Technical regulations  

The executional regulations for the railway directive (Ausführungsbestimmungen zur 

Eisenbahnverordnung) refer to all Swiss railways. The regulations include (chapter 5) noise 

limits for 5 different types of rolling stock including a measurement method to be used for 

compliance testing (based on ISO 3095).  

 

With respect to environmental noise, the following regulations with federal impact apply:  

 Environmental Protection Act (Umweltschutzgesetz),  

Defines the principle of Polluter Pays (art. 2), it specifies the priority to control noise at 

the source (art.11), it specifies the principle of maximum values for noise (Alarmwert), 

vibrations and air quality (art. 15 and 17), the principle of noise mitigation (art. 16), the 

principle of additional façade insulation in case noise related measures are not sufficient 

(art. 20), the principle of planning limits (art. 23), the need for a prediction when 

planning a fixed installation (art. 25), .  

 

 Noise Protection Directive (Lärmschutzverordnung),  

Specifies the limitation of noise production of moving sources (art. 4), limits for new (art. 

7) and significantly altered (art. 8) installations, protection for existing buildings (art. 

10), cost of mitigation (art. 11), mitigation for existing installations (art. 13), the 

obligation to assess exterior noise exposures (art. 36),  

 The federal law on the noise mitigation of railways (BGLE – Bundesgesetz über die 

Lärmsanierung der Eisenbahnen), including the Decree on the noise mitigation of 

railways (VLE  Verordnung über die Lärmsanierung der Eisenbahnen).  

 

The planning of new and significantly altered lines is regulated in the decree of February 2 

2000 on the planning approval process for railway installations (VPVE - Verordnung vom 2. 

Februar 2000 über das Plangenehmigungsverfahren für Eisenbahnanlagen). According to this 

Decree, an environment report is required for any planning of new or significantly altered 

railway lines.  

 

For railway vibrations, the Environmental Protection Act applies. For the assessment and 

rating of rail vibrations in dwellings, reference is made to DIN 4150-2, Vibrations, impact to 

human beings in houses. In addition, the Recommendation on the Rating of Vibrations and 

Structure Borne Noise for railway installations (BEKS – Weisung für die Beurteilung von 

Erschütterungen und Körperschall bei  Schienenverkehrsanlagen) applies.  

 

 

 

http://www.bafu.admin.ch/laerm/10526/10527/10528/
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3.4 Scenario study and noise calculation tools 

The Akustikprojektierungstool (APT) can be applied to calculate the noise exposure value and 

the number of people exposed to noise along the network and to assess the effect of noise 

measures on these numbers. 

 

The Datenbank über feste Anlagen (DfA) contains geographical information of track 

components across the network. The DfA tool gives access to this information.  

 

The Emissionskataster contains acoustic features of the network. The EK tool is used to 

calculate the present noise emission. 

 

SonRAIL is a method and computer software to calculate noise levels along the Swiss rail 

network, funded by BAFU (Bundesanstalt für Umwelt – Ministry of Environment) 

[http://www.bafu.admin.ch/dokumentation/medieninformation/00962/index.html?lang=en&

msg-id=35557] It is the successor of SEMIBEL that was started in the 1980s. 

 

 

 

 

http://www.bafu.admin.ch/dokumentation/medieninformation/00962/index.html?lang=en&msg-id=35557
http://www.bafu.admin.ch/dokumentation/medieninformation/00962/index.html?lang=en&msg-id=35557
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4 
Conclusions and recommendations 

The current report is deliverable 3a in Phase1 of the Go Leise project. It lists and summarizes 

Swiss legislation and regulations relevant to noise and vibration control from railway traffic.  

It summarizes the results of a survey of the characteristics of the Swiss network in terms of 

its length, the percentage of non surface and non straight tracks and the resulting network 

length. This is relevant for the process of optimizing the entire network. Whenever such an 

optimization is considered, the Go-Leise project will aim to balance noise, vibration against 

RAMS elements as well as LCC. The way the balancing works out depends, among others, on 

the length of the track considered. For the whole network, the optimisation is likely to lead 

to moderately effective and moderately expensive track systems, whereas for hot spots, 

where noise or vibration mitigation is required, the optimisation may lead to more effective 

and more expensive variants.  

 

No gaps in knowledge were found in the characterization of the Swiss network or in the 

understanding of the Swiss regulations concerning noise and vibration.  
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Summary 

The Go-Leise project (Gesamtoptimierung, Lärm-, Erschütterungs-, Infrastruktur- und 

Sicherheitseinflüsse) aims to optimize the whole track system of the Swiss Railways. The 

optimization balances noise and vibration levels in the surroundings of the track against life 

cycle cost and RAMS elements (Reliability, Availability, Maintainability and Safety) of the 

track system.  

 

In Phase 1 of the project, elements of optimization and references to their impact on noise, 

vibration and LCC are identified. Phase 1 intends to identify gaps of knowledge and to 

propose methods to bridge these.  

 

An important part of this first Phase of the project is a literature survey, which intends to 

identify relevant references with respect to track components and their efficacy in terms of 

cost savings, noise reduction and vibration control. As a complicating factor, various track 

components are likely to influence each other’s efficacy. Therefore, a whole system approach 

is required. This whole system approach is what Go-Leise intends to do.  

 

A document and data management system was developed for all relevant references 

collected for the Go-Leise project. The system will also build up a database of references and 

data produced by the project. To that extent, measurement data formats are investigated 

and proposed. These will be helpful in the next phases of Go-Leise, where field tests and 

experiments will be carried out. The resulting data will be stored in a standardized format 

and made available in the literature management system.  

 

Finally, the system allows the composition of reference lists for the reports that will be 

produced as deliverables in Phase 1 of the Go-Leise project.  
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1 
Introduction 

1.1 Introduction 

With the retrofitting of the Swiss freight fleet with K-blocks and the scheduled ban of cast 

iron brake blocks on the Swiss network, major efforts in railway noise mitigation have been 

undertaken. As a next step, the Swiss ministry of transport BAV, in collaboration with SBB 

wants to investigate the noise reduction potential of the track system. This is not a 

straightforward task since the track is a complex system of vibrating elements that interact 

with the rolling stock and the track substructure. As a consequence, changing one element of 

the track system will change the entire transport system response. It is therefore essential to 

consider the complete system when optimizing the track system with the intention to improve 

the track’s performance with respect to noise, vibrations and cost. In this process, not only 

structural and acoustic effects should be taken into account, but also life cycle costs, and the 

RAMS aspects reliability, availability, maintainability and safety. Vice versa, if the 

infrastructure manager wants to improve his maintenance strategy in order to save costs, the 

changed approach may affect noise and vibration generation of the entire track system, as 

from then on it will be in a different condition. Noise, vibration and LCC1/RAMS2 represent 

the three main elements in interaction that are in the focus of the Go-Leise project. Go-Leise 

stands for Gleisoptimierung betreffend Lärm- Erschütterungs- Investitions- & Sicherheits-

Einflüsse  (i.e. Whole System Optimization Noise Vibrations Track LCC). 

 

In Phase 1 of the project, an overview is established on the state of the art on low noise and 

vibration track systems. The questions to be answered are: What is available and is known to 

work? How can these systems be modeled? What are the knowledge gaps? How can these gaps 

be bridged by sensible experiments? What is the preferred optimization methodology to 

balance the three elements noise, vibrations and LCC/RAMS.  

 

The focus of Phase 1 is on the straight track. Only the elements that constitute a straight 

track structure shall be optimised to reduce the pass-by noise and/or ground vibration of 

trains.  

 

                                                       
1
 LCC = life cycle costs = present value of total of investment and maintenance cost over the entire life cycle 

of an asset  
2
 RAMS = the total of Reliability, Availability, Maintainabiltiy and Safety of an asset 
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1.2 Scope  

Many different sources of knowledge come together in this project. How knowledge and data 

are organised and managed must be determined in an early stage in this project. A suitable 

document and data management system must be capable of developing and integrating new 

knowledge and new data in the future. The present document describes the system 

developed for phase 1 of the Go-Leise project. It has already been applied in Phase 1. Its 

development forms part of that same Phase 1. Whether or not this system should be applied 

in future phases of the project is left to the decision of the Principal of the project, the Swiss 

BAFU.  

 

With respect to the measurement data, a format should be recommended or developed that 

can be used in the future steps of the Go-Leise project. In Phase 1, no measurements have 

been planned, so there is no need for a standardized format yet. Nevertheless, a format has 

been selected/developed and is presented in this report.  
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2 
Knowledge Management and Content Management 

2.1 The relevance of Knowledge Management 

Sharing knowledge is an existential condition for any community of people. This is particularly 

true in technology intensive organisations in a dynamic environment. Knowledge management 

is a structured methodology of managing knowledge and people in organisations. Knowledge 

itself however cannot be managed directly. The management therefore refers only to the 

knowledge that is stored and retrieved in the form of information. Thus, documents, 

information and knowledge are closely related, and so are Document Management, 

Information Management and Knowledge Management. Information can be contained in 

printed documents as well as in any other (electronic) storage media, including the internet. 

The following figure, taken from 3.illustrates the various sources of information usually 

available in organisations.  

 

 

Graph 1.  Schematic presentation showing how knowledge in organisations is created, both through 

internal and external processes, and how implicit knowledge and tacit knowledge is made 

explicit 

                                                       
3 X.H.Chen et al, Interrelationship between document management, information management and 

knowledge management, South African Journal of information management, Vol7 (3), September 2005 
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The organisation’s knowledge is combined with the personal knowledge to become the so-

called tacit (“silent”) knowledge. Adding to that are external and internal processes, to 

create the “ever learning organisation”. All this knowledge is managed in various 

management systems, as shown in figure 24. One of these management systems is a Document 

Management System.  

 

2.2 Document management systems 

 

 

 

Graph 2. How managed knowledge is requiring different types of storage and management systems 

Usually, a document management system will require it’s users to carry out the following 

tasks, for which the system at least must provide the possibilities:  

 Capture: In order for paper documents to be useable by the document management 

system, they must be scanned in. For companies that need to carry out this process 

and who have numerous paper documents this may be time consuming and 

expensive. 

                                                       
4 Sergiu JECAN,  Cluj-Napoca, România, Document Management vs. Knowledge Management, 
Revista Informatica Economică, nr. 4(48)/2008  



Document and data management system | Müller-BBM dBvision M+P |  9/35 

D3c Go-Leise  |    18 November 2016   

 

 Contribute. Content Management Systems provide users a way to add content. 

Generally, this content is created using a standard office application that is separate 

from the CM system, such as Microsoft Word or Adobe Acrobat. In more specialized 

applications, content comes from scanned image files or optical character 

recognition software. 

 Organize. CM systems allow content to be filed in folders, tagged with metadata, 

and otherwise made easier to find and manage. Titles and summaries can be added. 

CM systems also keep a version history of the document as it evolves. 

 Approve. For documents that need to be carefully controlled, CM systems 

implement a review process that ensures the right sign-offs by the right individuals 

or groups. 

 Search. CMs use search engines to find content by matching metadata or keywords in 

a search string. 

 Retrieve. Content that has been found by browsing or searching can be skimmed 

(through titles and summaries), extracted, and opened, usually using the desktop 

application associated with its file type: Adobe Acrobat Reader for PDF files, 

Microsoft PowerPoint for PPTX files, and so on.  

 Administration & security:  Any IT system needs to be regulated and policed. Users 

require different levels of authorization, with certain more sensitive 

functions/documents being available only to selected users/administrators. 

Document management systems will also have backup systems in place in case of 

mishaps. 
 

No matter how sophisticated the system is, the users must continuously be motivated to 

actually use it. Therefore, the system should be as simple and straightforward as possible. 

When a user uses the system for the first time, it would often be to retrieve an information or 

document. The options to search and retrieve sources of information should thus work 

impeccably.  
 

2.3 Taxonomy (based on www.kmworld.com)  

A crucial element of the search operation is the taxonomy used to index and categorize 

pieces of information. Taxonomy is a structured way to classify and analyse items and their 

relationships by putting them in groups. A taxonomy renders accumulated information 

accessible and usable. When information is organized and indexed in a taxonomy, users can 

find what they need by starting with a general topic at a high level, and then drilling down 

through subcategories to find more specialized information. They can also use the taxonomy 

to explore by moving from a specific topic up to a more inclusive topic, or sideways to related 

topics, even if they are not sure what they are looking for.  

 

Several tasks are involved in creating, applying, and maintaining a taxonomy of information. 

An organisation must first create the taxonomy framework by determining a suitable structure 

http://www.kmworld.com/
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for the data it has accumulated or will accumulate. This structure should capture the 

relationships inherent in the body of information in an intuitive way, as well as reflecting how 

the information fits into the overall structure of the organisation. 

 

Note: this is different from how most search engines work. In that case the user needs to 

think of clever search terms in an intuitive and associative way. A proper taxonomy will guide 

the user through the associated categories and help find unexpected corners.  

 

Once the categories have been determined, each piece of content must be assigned a place 

where it belongs. After an initial large-scale classification or reclassification of existing 

content, there will be an ongoing need to classify each new piece of information. Thus, the 

taxonomy will grow in a more or less organic way.  

The design of a taxonomy for an organisation is a recommendable team exercise as it helps to 

identify the organisation’s and individual’s main goals and the means to achieve them.  

 

In Graph 3, below, an example is given of a starting point for a taxonomy, showing some basic 

elements of the structure of a rail infra managing organisation. The topics of initial relevance 

to Go-Leise are marked (yellow boxes). Interrelations need to be defined. The structure could 

be further elaborated in (much) more detail. On the other hand it is important not to 

introduce too many topics. The best approach is to start with a limited list and let it grow in 

an organic way, by adding topics whenever they come up, but only in as far they are not 

covered by one of the existing tags.  

 

 

 

Graph 3.  Example of a basic taxonomy for an infrastructure managing organisation, showing the 

basic topics for the Go-Leise project marked yellow 
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2.4 Choices to be made 

All existing organisations have installed some sort of content management system, be it in the 

framework of knowledge management, a quality management system, a project management 

system, a library or other. With the paperless offices which are currently fashionable, the 

need for document management systems has become obvious. Currently, these systems refer 

to digital documents only. 

For the purpose of the Go-Leise project, particularly the future phases of it, there is a need 

for formats to store and retrieve all documents (in the broadest sense) and measurement 

data, to be collected in the course of the project. It is an important decision whether or not 

this document management system should be standing alone, or integrated into a complete 

Content Management or even Knowledge Management system.  

It is probably too early to make this decision. For one thing, there is currently no certainty 

about the leading organisation where the system will be located in the future stages of the 

project (i.e. BAFU or SBB). Anything developed here and now should therefore be as lean and 

flexible as possible and applies to phase 1 of the project only. Making it a lean and flexible 

system would also support the implementation of the system by the users.  

 

The following specifications (among many others) could therefore be set for the choice of a 

Go-Leise document management system in the current phase of the project:  

 

 Robust, reliable and safe 

 Low cost of purchase and installation 

 Low cost and effort of maintenance of the system 

 Ease of use  

 Flexibility to adapt to future developments as well as to integration into more 

complete Knowledge Management Systems 

 Independent of operation system upgrades 

 

 

2.5 IT systems for Content Management 

For Document Management, there are freeware solutions, some of them open source, which 

could be a good choice with respect to the cost requirements.  

Given the time restrictions in phase 1 of the Go-Leise project, the Consortium – in 

collaboration with SBB – made the choice for a standard software solution, limited to the Go-

Leise objective, with a large flexibility towards any future, more sophisticated solutions. This 

solution is presented in Chapter 3.  

The preference was based on an analysis of the options, regarding the criteria mentioned in 

the previous section. The results of this analysis are shown in the following table.  

 

An alternative could have been to adhere to a choice made previously by some departments 

of SBB who are using TrindyRail, a Collaborative KM Cloud for Track Innovations in Dynamic 
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Questions. This system is comparable to Wiki, as it collects mainly tacit knowledge from 

within the department. It would be less suitable as a document management system. For 

completeness, the TrindyRail system is included in the following table where it is rated 

against the criteria set previously.  

 

Table  1 Options for Content Management Systems evaluated along the criteria for Go-Leise 
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Standard CMS +/- - - +/- -- - -5 

Custom made CMS +/- -- -- + + - -3 

Open source CMS - + + +/- - + +1 

Office based tool + ++ ++ -- + + +5 

TrindyRail +/- + ++ ++ -  - + 3 

 

Given the fact that the system was supposed to be used in Phase 1 of the project, the choice 

had to be made quickly. This excluded comprehensive CM systems, particularly the custom 

made ones, which require substantial investment and lining up with any Knowledge 

Management systems (to be) used in the entire organisation.  

 

On the basis of this table, it was decided for Phase 1 to use an MS-Office based tool to be 

developed in Excel, in combination with a share-point site, which was developed for Go-

Leise. This approach and the corresponding storage and retrieve system is described in 

chapter 3.  

 

For the storage of measurement data, a format was to be developed which would also be 

based on MS Excel. The measurement data format (intended for noise and vibration 

measurement data) is described in chapter 4.  

 

2.6 Design criteria 

Knowledge and data of at least three quite different areas of research will be produced in Go-

Leise: track dynamics, RAMS and LCC aspects, and network aspects. For the documents that 

are studied (literature) and the reports that are delivered in Phase 1, a document database is 

to be developed. The set-up needs to be simple and robust, as the complexity of a document 

system is inversely proportional to its maintainability, manageability and attractiveness of 

use. This is important because the system should be easy to maintain even after Phase 1 of 

Go-Leise. License or maintenance costs are undesirable. This is reflected in the table in the 

previous section.  
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For (measurement) data management a set-up was chosen as close as possible to data formats 

that are already in use in Switzerland or elsewhere. For example, the STAIRRS project 

produced a data format in Excel spreadsheets (one file per measurement site, one sheet per 

train pass-by, many noise and roughness parameters per sheet). So did other projects like 

RENVIB for rail vibration measurements. The STAIRRS format is included in this report here as 

an example.  
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3 
Document management in Go-Leise 

3.1 Introduction 

The Go-Leise document management system consists of the following three features:  

1. the fixed filename format,  

2. the library file, and  

3. the possibility to create hyperlinked lists of references in the Go-Leise deliverables. 

 

With some basic knowledge, presented in this chapter, the document management system 

does not require maintenance and there is no need for a librarian. 

 

Basically these features are linked together as follows: 

 

                     
fixed filename format      Library.xlsx          Hyperlinked list of references 

 
New documents can be added to the library by giving them a proper filename and inserting 

them into the Literature directory. The filename (a string) should be copied manually into the 

list on the sheet “INPUT register PDFs to library” of Library.xlsx. This Excel file is also present 

in the Literature directory. The sheet “OUTPUT copy this to your report” automatically 

formats the list of references in such a way that it is ready to be copied into the Go-Leise 

deliverables. This list contains hyperlinks. By clicking an item in the list, the respective 

document is opened in a browser or pdf reader. 

 

This procedure is explained in more detail in the next sections. 

3.2 Fixed filename format 

Filenames of literature collected in Go-Leise should consist of 4 fields in a strict order. The 

fields are separated by underscores ‘_’ , so that it looks as follows: 

 

Messerli_2013_RAM modell für SBB infrastruktur_(SBB).pdf 

   field1       field2                                field 3 field4 . extension 

 

The purpose of this fixed format is that documents can be registered into the library file by 

one single action, without the need to specify further information about the contents of the 
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documents5. Also, this format makes it simple to check if a new document has already been 

collected earlier and registered by someone else within the Go-Leise team. This check can be 

carried out by just sorting the contents of the directory alphabetically.  

 

The first field in the filename contains either the author’s family name or it contains the 

name of the project. The second field is the year of publication. The third field is the title of 

the publication. The fourth field (between parentheses) refers to additional information, 

usually one of the following: the affiliation of the main author; the name of the conference or 

event of which the article is a preprint; or the name of the journal or publisher. Examples: 

 Thompson_2009_Railway Noise and Vibration-Mechanisms, Modelling and 

Means of Control_(Elsevier-Oxford).pdf 

 Oertli_2012_Erprobung Schienendampfer Standbericht3_(SBB).pdf 

 STARDAMP_2012_Assessment of the efficiency of rail dampers using 

laboratory methods within the STARDAMP project_(DAGA).pdf 

 UIC_2009_Under Sleeper Pads - Summarising Report_(UIC).pdf 

The last example (UIC report) shows that if no author name is found in the document, the 

name of the organisation or affiliation can be used for the first field instead.  

 

In addition to the documents discussed above, subfolders are contained in the library. For 

example, if a set of documents or other files belongs to the same project, it is often more 

appropriate and much easier to add the set into a subfolder, rather than renaming each 

document in the set. For example, for reports that have been produced in projects like 

RENVIB, a RENVIB-subfolder can be added. Another example may be the data files that have 

been delivered in the STAIRRS measurement campaign. Examples: 

 UIC_2015_Network Noise_(UIC) 

 RENVIB_2003_Deliverables_(RENVIB) 

 STAIRRS_2003_database_(STAIRRS) 

In these cases the first and fourth field are equal, but this is not required. 

 

All document files and subfolders must be placed in the Literature folder.  

 

3.3 The library file ‘Library.xlsx’ 

The Excel file Library.xlsx is used to list the documents and subfolders that are present in the 

Literature folder. After adding a new document in this folder, one needs to manually update 

the list on the sheet “INPUT register PDFs to library” of Library.xlsx. This list is shown in the 

next screendump. 

                                                       
5
 It is allowed, though, to assign keywords and to add a judgment, a comment or a description of the 

contents. 
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There are additional columns that can be used to specify other information. For example, in 

case the combination of author and year is not unique, a letter (a, b, c and so on) should be 

added (column D). This enables references like [Author 2010a] and [Author 2010b]. Another 

column is reserved for key words (column E).  

 

The file Library.xlsx also contains output sheets. The default output sheet is called “OUTPUT 

copy this to your report”. The sheets shows all references that have been entered in the 

INPUT sheet, but then presented in the form of a reference list, in such a way that it is ready 

to be copied into the Go-Leise deliverables.  

 

 
 

Column A contains hyperlinks to the specified documents or subfolders. By default, the 

pathname into the sharepoint location mbbm365.sharepoint.com is set, but this can be 

changed to a fixed internal (SBB) network or to another relative location. 

 

Different copies of this output sheet are needed for different deliverables, as shown 

hereafter. 
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3.4 Hyperlinked lists of references 

A copy of the output should be made in Excel if the contents need to be adjusted for a 

certain deliverable. After removing unnecessary files, sorting, further formatting, and (if 

required) changing the path name, the first two columns can be copied onto the reference 

section of a deliverable. An example is shown below: 

 
[BAV 2014]  Monitoring Eisenbahnlärm, BAV, 2014 

[Asmussen 2008]  Field test in SILENCE, Asmussen, DB, 2008 

[Van Oosterhout 1998]  Project Trillingsarm Spoor, Van Oosterhout, TNO, 1998 

[Esveld 1999]  Recent Developments in Slab Track Application, Esveld, RailTech, 
1999 

[Jesse 1996]  Trillingsarme spoorconstructie Oosthuizen, Jesse, NSTO, 1996 

[Broadbent 2009]  Evaluation of the effects of temperature on railpad properties, rail 
decay rates and noise radiation, Broadbent, ISVR, 2009 

[DBNetze 2012] Innovative Maßnahmen zum Lärm- und Erschütterungsschutz am 
Fahrweg, DBNetze, DB Netze, 2012 

[Oertli 2012]  Erprobung Schienendampfer Standbericht3, Oertli, SBB, 2012 

[Li 2014]  Railway rolling noise separation and wheel and rail roughness 
estimation, Li, UnivWollongong, 2014 

 

 

 

 

 

https://mbbm365.sharepoint.com/sites/external/go-leise/Shared%20Documents/Literature/BAV_2014_Monitoring%20Eisenbahnlärm_%28BAV%29.pdf
https://mbbm365.sharepoint.com/sites/external/go-leise/Shared%20Documents/Literature/Asmussen_2008_Field%20test%20in%20SILENCE_%28DB%29.pdf
https://mbbm365.sharepoint.com/sites/external/go-leise/Shared%20Documents/Literature/Van%20Oosterhout_1998_Project%20Trillingsarm%20Spoor_%28TNO%29.pdf
https://mbbm365.sharepoint.com/sites/external/go-leise/Shared%20Documents/Literature/Esveld_1999_Recent%20Developments%20in%20Slab%20Track%20Application_%28RailTech%29.pdf
https://mbbm365.sharepoint.com/sites/external/go-leise/Shared%20Documents/Literature/Jesse_1996_Trillingsarme%20spoorconstructie%20Oosthuizen_%28NSTO%29.pdf
https://mbbm365.sharepoint.com/sites/external/go-leise/Shared%20Documents/Literature/Broadbent_2009_Evaluation%20of%20the%20effects%20of%20temperature%20on%20railpad%20properties,%20rail%20decay%20rates%20and%20noise%20radiation_%28ISVR%29.pdf
https://mbbm365.sharepoint.com/sites/external/go-leise/Shared%20Documents/Literature/DBNetze_2012_Innovative%20Maßnahmen%20zum%20Lärm-%20und%20Erschütterungsschutz%20am%20Fahrweg_%28DB%20Netze%29.pdf
https://mbbm365.sharepoint.com/sites/external/go-leise/Shared%20Documents/Literature/Oertli_2012_Erprobung%20Schienendampfer%20Standbericht3_%28SBB%29.pdf
https://mbbm365.sharepoint.com/sites/external/go-leise/Shared%20Documents/Literature/Li_2014_Railway%20rolling%20noise%20separation%20and%20wheel%20and%20rail%20roughness%20estimation_%28UnivWollongong%29.pdf
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4 
Data formats in Go-Leise 

4.1 Introduction 

In later phases of Go-Leise, site test measurements will be carried out and data will be 

gathered and analysed. Also other data may become available for Go-Leise from other 

sources. How knowledge and data are organised must be determined in an early stage in this 

project. 

 

During phase 1 of Go-Leise an early idea of data management can be developed by looking at 

similar projects in the past. For example, this could be European projects like Metarail, Silent 

Track ans STAIRRS. More recent projects that are of interest are STARDAMP and the X factor 

project of SBB. It can be expected that during the course of phase1 and later phases it will 

become clearer in which way Go-Leise can benefit from the experience in these projects, 

which is presented here briefly, and how Go-Leise will need to arrange its data management 

further. 

 

Section 4.2 describes the STAIRRS measurement database. In this project a measurement 

campaign was conducted by different parties in different countries. In all cases, the same 

measurement protocol was used and a spreadsheet was filled with spectral data from 

microphones and accelerometers on the railway track [STAIRRS 2003].  

 

The STAIRRS campaign included track decay measurements (TDR) only for a limited number of 

sites. As the method to determine TDR was not yet standardised, the quality 

(reproduceability) of the TDR could be poor. Soon after finalisation of STAIRRS the TDR 

measurement became standard techniques that determine the acoustic properties of a track.  

4.2 Principles for storing collected data 

 

Depending on the reason for the measurements as well as on the analysis environment, 

different types of data storage are useful. Defining a specific data format and structure may 

therefore not be appropriate in all cases. However some general basic principles can be 

defined, which apply to all collected data. As a rule data can be structured as follows:  

 

• Raw data (e.g. pressure or acceleration measurement signals) 

• Metadata of the measurement (e.g. information about the track section, traffic 

information) 

• Processed raw data (e.g. roughness, TDR, SEL) 
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• Processes and additional information (description of data transformation, source codes, 

data description). 

 

Before data are collected in a measurement campaign and are stored, it is important that the 

criteria below are fulfilled: 

 

• The degree of completeness of the data must be determined. In a first priority the data 

must be collected prepared in such a way as to fulfil the requirements of the intended 

analysis. However, especially in smaller campaigns, it is nonetheless important to structure 

the data in such a way so that it can be used for more encompassing analysis in the future. 

Therefore a more comprehensive data collection may be useful, even if it is not necessary for 

the questions at hand. 

• The data should be stored with as little redundancy as possible. In certain cases redundancy 

may be necessary, however, for example to show certain relationships. The structure of the 

data storage should be kept as simple as possible.  

• All data must be readable by a human and be modifiable if necessary. The data must be 

structured in such a way that they can be read and modified by machines. To ensure 

accuracy, data formats should be chosen that make wrong entries more difficult. 

• Common and open formats are to be chosen over proprietary or exotic formats. 

 

4.3 STAIRRS measurement database 

The STAIRRS measurement campaign was set up in such a way that measurement data from 

various sites could be separated in a track and vehicle contribution. This was achieved by 

application of the separation methods developed in STAIRRS, being the MISO6 method and the 

VTN7 method. Another track characterisation included in STAIRRS was splitting the noise 

spectrum into roughness excitation and a transfer function using the PBA8 method. 

The noise and vibration spectra, as well as the rail roughness spectra, have been measured 

with great care and may still be regarded as state-of –the-art. However, the accuracy of the 

separation results of VTN is probably limited as these methods were in an early stage of 

development during the STAIRRS project. The VTN method has been improved in Australia [Li 

2014]. 

 

The measurement set-up featured Lateral (L) and Vertical (V) accelerometers at mid-span 

(railhead and rail foot, respectively). Microphones are placed nearby (1,75 m) and at the 

standard distance of 7,5 m. 

                                                       
6
 MISO = Multiple Input Single Output 

7
 VTN = Vibro-acoustic Track Noise method.  

8
 PBA – Pass By Analysis 
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Figure 1 STAIRRS measurement protocol [STAIRRS 2003]. 

 

For each pass-by a single sheet in Excel is generated, as is shown in Figure 2. One Excel file 

contains multiple pass-bys measured at one site. The first few sheets in each file describe the 

site and present a list of all trains of which measurement data is available in the file.  

 

 

Figure 2 STAIRRS data sheet [STAIRRS 2003]. 

 

4.4 TDR in Factor X-project 

Rail dampers have been suggested as adequate and efficient solutions for noise mitigation. 

The efficacy of rail dampers is based on the assumption, that the wheel excites the rail to 

vibrate. The vibrations move through the rail in longitudinal direction in the form of a 

Rail Data Frequency centreband (Hz) 200 250 315 400 500 630 800

Rail vertical decay rate(dB/m) 8,65 9,58 10,85 10,42 8,83 8,17 5,53

Rail lateral decay rate(dB/m) 5,78 4,76 2,23 2,08 1,39 1,62 1,17

Rail roughness(re 1E-6 m) 5,40 3,57 4,21 4,57 4,58 1,65 0,49

 

 

 

Vehicle / group or vehicles identity P4lmulc_006 200 250 315 400 500 630 800

Wheel roughness (re 1 E-6 m) -2,6 1,6 -1,6 6,1 6,3 7,4

Contact filter (re [-]) 0,00 0,00 0,00 -0,10 -0,30 -0,80 -1,50

Total effective roughness (re 1E-6 m) 4,60 4,50 6,10 5,40 8,10 6,80 6,70

 

SPL overall level (1.75 m, 0.0 m) (re2E-5Pa) 85,43 86,36 87,69 88,10 86,39 89,66 92,30

SPL overall level (7.5 m, 1.2 m) (re 2 E-5 Pa) 73,42 73,30 72,62 76,69 77,56 80,04 84,16

SPL vehicle contribution (7.5 m, 1.2 m) (re 2 E-5 Pa) 72,46 72,29 69,33 73,00 65,56 77,48 82,32

SPL track contribution (7.5 m, 1.2 m) (re 2 E-5 Pa) 66,37 66,46 69,88 74,26 77,26 76,53 79,56

 

Rail vertical vibration level (re 1 E-6 m/s) 59,47 59,05 60,75 60,31 64,41 67,15 70,78

Rail lateral vibration level (re 1 E-6 m/s) 62,57 60,86 62,87 67,36 69,06 66,57 69,46

Sleeper vertical vibration level (re 1 E-6 m/s) 61,52 59,82 59,98 55,92 58,47 58,04 57,30

 

Vehicle axles per meter correction 10*LOG10(N/L) (re 1 m (̂-1) ) -8,20 -8,20 -8,20 -8,20 -8,20 -8,20 -8,20

Vehicle transfer function (re 4 E 2 Pa 2̂/m) 76,06 75,99 71,43 75,80 65,66 78,88 83,82

Track transfer function (re 4 E 2 Pa 2̂/m) 69,97 70,16 71,98 77,06 77,36 77,93 81,06

Overall transfer function (re 4 E 2 Pa 2̂/m) 77,02 77,00 74,72 79,49 77,66 81,44 85,66
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travelling wave. When the rail is firmly fixed, such as with stiff rail pads, it cannot move 

easily and waves will not travel far. With soft rail pads, on the other hand, the rail can move 

more easily and waves will travel further from the excitation point. The ratio (in dB) to which 

the amplitude of the travelling waves is reduced at 1 meter distance from the excitation 

point is called Track Decay Rate (TDR). For the Swiss network, the following observations can 

be made:  

 The rail pads are generally stiff (dynamic stiffness of more than 700 MN/m) 

 Therefore, the track decay rate of a track without rail damper is already high 

 Adding a rail damper will not affect the Track Decay Rate significantly 

 Adding a rail damper will have little effect on the noise production 

 

This observation stems from a project carried out by SBB, with the objective to test rail 

dampers as well as the so-called factor X, which is a hypothetical combination of track 

components that leads to a similar effect in terms of noise reduction as the rail dampers 

would have if it were more efficient, i.e. 2 – 3 dB reduction.  

 

4.5 Testing rail dampers 

SBB tested rail dampers first in a Car Park Test, i.e. using short sections of rail, supported 

freely, and applying different makes of rail dampers to these sections. The findings of this car 

park test were that different products showed different track decay rate, that the effects 

diminished over time, and that temperature could affect the results.  

 

As a next step, track decay rates were measured at different sites in real tracks. It was found 

that the TDR generally showed high values, due to the relatively stiff rail pads. The results 

from different sites showed little spread. Lower TDR values were found in a track with 

concrete sleepers and soft rail pads.  

 

Results for the decay rates of horizontal (upper graph) and vertical vibrations (lower graph) 

are shown in the following graph 4.  
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Graph 4. Results from the Track Decay Rates measurements at different sites 

 

The results explain why adding a rail damper will have little effect on the Swiss track which 

has high TDR as it is. The challenge of the factor X project is to find a combination of track 

elements currently in use that can have the same acoustic and vibration performance as a 

track with soft pads and rail dampers. This is not further elaborated in this report, as it is not 

the main topic of this deliverable.  
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5 
What users need to know  

5.1 Readers of Go-Leise deliverables 

No specific knowledge is required. In particular the document and data management system 

is intended to be self explaining.  

 

5.2 Go-Leise project team 

Members of the project team who write and study documents should know the three features 

of the document management system that are described in Section 3. 
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6 
System maintenance  

6.1 Introduction 

The document management system is set up as a simple, almost self-explanatory, Excel file. 

The knowledge described in Section 3 is sufficient to maintain and manage the system.  
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Annex A. Measurement data format (proposal) 

The following format is available as excel file for further use within the project.   
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Description of the measurement site

Nearest community 

Km as indicated along the track (estimated)

GPS coordinates in seconds

from to

Track orientation in compass octants

Conditions during the measurement

from to

date

from to

time (hour:minutes)

min max

temperature during measurement (Celsius)

direction force

Wind

sky %-age overcast

Purpose of the measurement (tick if applicable) standard tick

A. NOISE

rail roughness measurement CEN ISO 3095

pass by noise measurement CEN ISO 3095

track decay rate measurement CEN ISO 3095

insertion loss measurement

acoustic absorption coefficient measurement CEN 1793-5

acoustic transmission loss coefficient measurement CEN 1793-6

acoustic diffraction measurement CEN 1793-4

B. VIBRATIONS

vibrational rating strength measurement

DIN4150 part 2 - DIN

45669

Measurement quality (tick if applicable)

Calibration carried out

Microphone wind noise protection applied

Specification of equipment used for measurement and analysis

Equipment make type

(add lines if needed)
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Form
at for noise m

easurem
ent

m
easurem

ent no. (date, site, num
ber)

third octave band center frequency (H
z)

SU
M

 (unw
eighted)

sound pressure level
25

32
40

50
63

80
100

125
160

200
250

315
400

500
1000

1250
1600

2000
2500

3150
4000

5000

Specify indicator (tick as applicable)

Sound Exposure level (SEL)

Transient Exposure level (TEL)

Equivalent level (specify integration tim
e)

Please provide digital recording or tim
e history w

here applicable

third octave band w
avelength (m

m
)

rail roughness level
630

500
400

315
250

200
160

125
100

80
63

50
40

32
25

20
16

12,5
10

8
6,3

roughness level dB re 1 m
icrom

eter
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Measurement circumstances 

Measurement no. 

A. Single train pass by

time (hour, mimutes)

rolling stock type

brake type

train length (m)

number of axles

speed (kph)

track (nearest, farthest) n/f

sleeper type

rail type third octave band center frequency (Hz)

25 32 40 50 63 80 100 125 160 200 250 315 400 500 1000 1250 1600 2000 2500 3150 4000 5000

rail pad dynamic stiffness (N/m)

track decay rate (third octaves) (dB/m)

Rail roughness (third octaves) dB re 1 micrometer

Switches or turnouts present? y/n

B. Microphone location

height above local ground (m)

absorption of ground (between 0 and 1)

distance to nearest track center line (m)

reflective objects present? If yes, specify

C. noise reducing devices

rail damper type

Barrier diffraction edge height above rail head (m)

Barrier track side panel absorptive? If yes, speficy

barrier diffraction edge horizontal distance to nearest track

center line (m)

D. Vibration transducer location tick of applicable

Pole mounted in the ground: distance to nearest track center

line (m)

Direction of vibration measured (1= vertical, 2 = horizontal

transversal to track, 3 = horizontal longitudinal to track)

On the foundation of building 

In the center of the base floor

in the center of the highest level floor (specify)

On the rail foot (vertical direction)

On the rail flange (lateral direction)

On the rail head (vertical direction)

Local ground (rock, sand, clay, peat-moor)

E. Vibration reducing devices

under sleeper mat (specify make, type, thickness m)

under ballast mat (specify make, type, thickness m)

F. Multiple train passages (long term measurement)

Specify rolling stock types per track

Specify average speed (kph) and number of rolling stock per

hour (wagons and/or axles) and per wagon type per track,

separately for day, evening, night
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Annex B. Project STAIRRS measurement database 
format 

Signal specifications 
Noise and vibration signal bandwidth: 10 Hz to at least 7.5 kHz, but preferably 10 kHz. Due to the high-pass filter applied 
to signals M2, L1 and V1, the bandwidth used for these signals is slightly smaller.  
Minimal Effective dynamic range: 40 dB. 
Trigger signal: TTL-like pulse at each wheel pass by, same bandwidth as above. 
 
Noise, vibration and trigger signal must be of equal length, recorded simultaneously and synchronously on the same 
analyser. Signal length, however, may vary between pass-bys. The complete train pass-by must be taken, inclusive of a 
few seconds of background noise before and after the pass-by. 
 
Signal file format 
Raw signals should preferably be stored in MATLAB mat-files, or otherwise ASCII-files. For each train pass-by 8 files must 
be delivered: 
2 sound pressure signals with reference [1 Pa] 
5 acceleration signals with reference [1 ms-2] 
1 trigger signal with maximum normalised to unity. 
 

Contents of mat-files 
Name   Size   Bytes   Class 
comment  1x102   204   char array  (optional) channel description; length may vary 
data   690000x1  5520000  double array  signal itself; columnwise; length may vary 
dt   1x1   8   double array  sample period [s] 
 
Alternatively: contents of ASCII-files 
The first line is a header, its first 7 digits are reserved for the sample period in seconds, ending with a tab. The rest of 
first line may be text (e.g., channel description). Data are written in a single column. 
 
File names 

A file must be named as stated here : 

- file names are in 8 digits + extension; 

- digit 1 and 2 are channel descriptor (M1, M2, T1, S1, L1, V1, L2 or V2); 

- digit 3 is underscore; 

- digit 4, 5, 6 is the pass-by number (preceded by zeros as in example below); 

- free digit 7 and 8 may contain additional information. 

Example: M1_008.mat (or, if it’s an ASCII file, M1_008.txt ) 
 
Measurement information 

Site information 

Country, nearby village, line (from/to), track identifier (code in case of >1 track), mile-code or km-code, type of rail, 

type of pad, type of fastening, type of sleeper (wood, mono-block, bi-block, slab track, ...), nominal sleeper spacing, 

trigger distance (if other than twice the sleeper spacing), video recording or picture with overview of the site and 

accelerometer positions. 
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Train information per pass-by 
A type of train identified by a 7 digit label as described below in Table ? Additionally the following information is 
required: 

 train speed [km/h], 

 train composition, 

 train running direction (if reversed), 

 time of pass-by, 

 rail temperature (precision ± 5 ºC). 
A video recording should be made of all freight trains and of those trains measured at two sites (on the same day or 
service). 
 
Train label format 

 
 
Circumstances 
Date, wind speed, air temperature (range over period of measurement). 
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Procedure for roughness measurements 

The rail roughness at the measurement site should be measured directly, according to prEN ISO 3095. The roughness 

spectrum should be determined with a reference of 1µm. The wavelength range is 0.5 cm to 20 cm. The roughness 

measurement equipment should use a contacting transducer. Accuracy and S/N-ratio of the system should be such that 

compliance with the limit spectrum mentioned in the ISO standard can be measured reliably. 

The one-third octave band spectra should be delivered in Excel (named ‘railroughness.xls’) with the following format. 
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ÜBERSICHT 

Nachdem in der Schweiz umfangreiche Lärmschutzwände gebaut, zahlreiche 

Schallschutzfenster installiert und sämtliches gusseisenklotzgebremstes Rollmaterial mit 

Verbundstoffsohlen umgerüstet wurde, sind Lärmschutzmassnahmen an der Fahrbahn der 

nächste Schritt. Da Massnahmen zur Lärmminderung, zum Schutz gegen Erschütterungen und 

zur Minimierung der LCCs beim Asset Management gegenläufige Absichten im Fokus haben 

können, ist es notwendig, das System als Ganzes zu optimieren. Das Projekt Go-Leise
1
 der 

SBB verfolgt dieses Ziel in mehreren Phasen. Die erste davon zeigt einen Überblick des 

Themas, deckt Wissenslücken sowie Möglichkeiten auf, diese zu schliessen. Zudem wird eine 

Optimierungsmethodik vorgeschlagen, bei der die Elemente Lärm, Erschütterungen und Asset 

Management gleichzeitig optimiert werden können. In weiteren Phasen sollen konkrete 

Versuche durchgeführt werden, um die Wissenslücken zu schliessen. Ziel ist es, ab ca. 2020 

Massnahmen und Methoden bereit zu haben, so dass diese im Rahmen des revidierten 

schweizerischen Bundesgesetzes zur Lärmsanierung der Eisenbahnen (BGLE) umgesetzt 

werden können. 

 

                                                 
1
 Gesamtoptimierung, Lärm-, Erschütterungs-, Infrastruktur- und Sicherheitseinflüsse 



 

1 EINLEITUNG 

Zwischen 2000 und 2015 wurden in der Schweiz mehr als 300 km Lärmschutzwände entlang 

der Eisenbahn erstellt, zahlreiche Schallschutzfenster eingebaut und sämtliches 

gusseisenklotzgebremstes Rollmaterial mit Verbundstoffsohlen umgerüstet. Die ersten beiden 

Massnahmen haben rund zwei Drittel der Anwohner mit Grenzwertüberschreitungen 

geschützt. Mit einem revidierten Bundesgesetz zur Lärmsanierung der Eisenbahnen (BGLE, 

[1]) beschlossen Bundesrat und Parlament, weitergehende Lärmsanierungsmassnahmen 

entlang der Bahn zu finanzieren. Neben einem Verbot von lauten Güterwagen ab 2020, sollen 

auch Massnahmen an der Infrastruktur finanziert werden. Hierzu gehören akustisches 

Schienenschleifen, die Dämpfung des Gleises, die Schliessung von Lärmschutzwandlücken, 

die Lärmsanierung von Stahlbrücken sowie Massnahmen zur Förderung von besonders leisem 

Güterwagenrollmaterial. Ebenso wurden finanzielle Mittel zur Ressortforschung 

bereitgestellt. Das Projekt Go-Leise wird mit diesen Forschungsmitteln finanziert. 

 

Im Gegensatz zur bisherigen Lärmsanierungsstrategie, wird also in Zukunft der Fokus 

vermehrt auf das Gleis gelegt. Dies ist nicht nur in der Schweiz der Fall, auch die EU 

Kommission [2], sowie die Bestrebungen einzelner Infrastrukturbetreiber wie Infrabel oder 

DB Netz achten vermehrt auf den Lärm, welcher durch das Gleis emittiert wird.  

 

Bei Lärmschutzmassnahmen am Gleis ist jedoch zu beachten, dass die Fahrbahn ein 

komplexes System schwingender Teile darstellt, bei dem jede Komponente das 

Schwingungsverhalten der anderen beeinflusst. Zudem widersprechen sich die Zielsetzungen 

betreffend Lärmschutz, Erschütterungsschutz und der Minimierung der LCCs oft. Es ist 

deshalb notwendig, das System als Ganzes zu optimieren. Gleichzeitig müssen die 

gesetzlichen Vorgaben sowie Rahmenbedingungen betreffend Sicherheit eingehalten werden.  

 

Das Projekt Go-Leise der SBB verfolgt dieses Ziel der Gesamtoptimierung in mehreren 

Phasen. Die erste davon zeigt einen Überblick des Themas, deckt Wissenslücken auf und 

schlägt eine Optimierungsmethodik vor, sowie Möglichkeiten, diese Wissenslücken zu 

schliessen. Dieser Artikel befasst sich ausschliesslich mit dieser ersten Phase. In der Phase 2 

sollen dann die notwendigen Versuche durchgeführt werden, um die Wissenslücken zu 

schliessen sowie um neue, innovative Vorschläge zu testen. In Phase 3 werden die LCC, der 

Lärm und die Erschütterungen unabhängig von lokalen Bedingungen berechnet und 

schliesslich werden in Phase 4 die Massnahmen – unter Umständen in Abhängigkeit von 

lokalen Bedingungen – umgesetzt. Das Projekt beschränkt sich vorerst auf die gerade Strecke 

und berücksichtigt spezielle Elemente wie Weichen oder Isolierstösse nicht. Dies soll 

ermöglichen, das Vorgehen in einem „einfacheren“ Fall zu prüfen. Stellt sich das Vorgehen 

als erfolgreich heraus, dann werden Kurven, Weichen oder Isolierstösse in einem weiteren 

analog aufgebautem Projekt behandelt.  

 

Das Projekt Go-Leise wird von der SBB Infrastruktur geleitet. Die Finanzierung erfolgt durch 

die oben erwähnte Ressortforschung im Rahmen des revidierten BGLE (Bundesgesetz zur 

Lärmsanierung der Eisenbahnen), welche vom Schweizer Bundesamt für Umwelt (BAFU) 

verwaltet wird. Auftragnehmer im Projekt ist ein Konsortium unter der Leitung von Müller-

BBM (Deutschland) in Zusammenarbeit mit dBVision und M+P (beide Niederlande).  

 

2 OPTIMIERUNGSELEMENTE 

Die Anforderungen an die drei zu optimierenden Elemente (Lärm, Erschütterungen, Asset 

Management) sind stark unterschiedlich und zudem frequenzabhängig:  



 

 

Lärm: Um den Lärm zu reduzieren müssen Frequenzen im Bereich von 125 Hz bis 4 kHz 

gedämpft werden. In der Schweiz sind zudem die Anforderungen der Lärmschutzverordnung 

(LSV) [3] sowie dem Bundesgesetz zur Lärmsanierung der Eisenbahnen (BGLE) [1] zu 

erfüllen. Es sind bereits Massnahmen am Rollmaterial (Umrüstung der Güterwagenflotte von 

Graugusssohlen zu Verbundstoffsohlen, Verbot von lauten Güterwagen ab 2020) umgesetzt, 

sowie zahlreiche Lärmschutzwände gebaut wie auch Schallschutzfenster installiert worden. 

Als Konsequenz dieser Massnahmen haben von ursprünglich 260‘000 noch rund 100‘000 

Personen entlang der Bahn Grenzwertüberschreitungen [4]. Ziel der Bundesbehörden ist es, 

möglichst viele von diesen verbleibenden Personen unter die Grenzwerte zu bringen. Dabei 

sollen Kriterien der Wirtschaftlichkeit berücksichtigt werden.  

 

Erschütterungen: Um Erschütterungen zu vermindern, müssen Frequenzen zwischen 4 Hz 

und 80 Hz gedämpft werden. In der Schweiz besteht noch keine rechtskräftige 

Erschütterungsschutzgesetzgebung, die SBB sind jedoch von den Bundesbehörden 

angehalten, die Erschütterungen zu minimieren. Zur Zeit sind etwa 30‘000 Personen von 

übermässigen Erschütterungen betroffen.  

 

Asset Management: Der Erhalt der Infrastruktur sowie die Minimierung der Unterhaltskosten 

gehören zu den Hauptanliegen der SBB. In der Regel müssen hier, ähnlich zu den 

Erschütterungen, tiefe Frequenzen gedämpft werden. Asset Management wird mit den 

Kriterien RAMS (Reliability, Availability, Maintainability, Safety) und LCC (Life Cycle 

Costs) beurteilt.  

3 VORGEHEN 

Das Thema wurde wie folgt angegangen: 

1) Bestimmung Stand des Wissens, Eruieren von Wissenslücken und Entwicklung von 

innovativen neuen Ideen: Dieses Ziel wurde mit einer umfassenden Literaturrecherche, 

telefonischen Interviews mit Experten sowie einem Workshop mit internationalen Fachleuten 

angegangen.  

2) Priorisierung der Wissenslücken und Vorschläge für weitere Untersuchungen: Als 

Unterstützung hierfür wurde ein Fragebogen ausgewertet sowie die einzelnen Themen in 

einem Gremium von Fachexperten diskutiert. 

3) Vorschläge für Optimierungsmethodik: Zwei übliche Verfahren der Optimierung (Kosten-

Nutzen Analysen und Multicriteria Analysis) wurden auf die Problemstellung adaptiert. 

4) Vorschlag für weiteres Vorgehen: Darauf aufbauend wurden Vorschläge für das weitere 

Vorgehen (z.B. Versuche, Datenerhebungen) formuliert. Diese bilden die Basis für 

Finanzierungsanträge der Phase 2.  

 

4 WISSENSLÜCKEN UND VORSCHLÄGE FÜR WEITERE VERSUCHE 

Es wurden rund 70 Wissenslücken und innovative Ideen identifiziert. Diese wurden priorisiert 

und für die 15 erstklassierten ein Vorgehen definiert. Die wichtigsten Themen und 

Vorgehensweisen sind:  

 

 Schienenrauheit:  

o Bestimmung der Wachstumsraten von Schienenrauheit, sowie die Ursachen 

hierfür.    

Projektvorschlag: Messprogramm der Schienenrauheit auf verschiedenen 

Teststrecken über mehrere Jahre. Neben der Rauheit werden lokal auch weitere 



 

Parameter (Verkehr: Geschwindigkeit/ Gewicht/ Fahrzeugtypen/ Radzustand; 

Gleis: dynamische Eigenschaften (TDR)/ Steifigkeit der Schienenzwischenlagen/ 

Schotterdicke/ Bodenbeschaffenheit/ Schienenbefestigung) erfasst, um mögliche 

Korrelationen und daraus Rückschlüsse für vergleichbare Strecken und eine 

optimale Schleifstrategie zu finden. 

o Das Monitoring der Schienenrauheit und die Einhaltung eines Grenzwertes ist 

gemäss BGLE obligatorisch. Unklar ist, wie eine optimale Schleifstrategie 

(Geschwindigkeit/ Häufigkeit/ Zyklus) bestimmt werden kann. Hierzu muss die 

Variabilität der Schienenrauheit sowohl quer über den Schienenkopf wie auch 

längs entlang einer Schiene, sowie die Zunahme der Schienenrauheit über die Zeit 

(siehe vorheriger Punkt) bekannt sein.   

Projektvorschlag: Monitoring-Projekt, in welchem die Möglichkeiten und Grenzen 

verschiedener Messmethoden evaluiert werden. Für konkrete Situation werden die 

Messresultate kalibriert. Ziel ist die ideale Messmethodik für netzweite und lokale 

Analysen zu definieren. 

 Schwellenbesohlung:  

o Bestimmung der Gründe für die Zunahme des Lärms wenn Schwellenbesohlung 

(USP, under sleeper pads) eingebaut wird sowie die Suche nach Möglichkeiten, 

diese Lärmzunahme zu verhindern.  

Projektvorschlag: Neue Teststrecke mit USP installieren und neben Lärm 

zusätzliche Messungen (Schwingungsmessungen der Schwellen und Schienen/ 

TDR/ Erschütterungen) vornehmen. Idealerweise werden verschiedene USP 

Typen, welche sich in ihrer Steifigkeits- und Dämpfungseigenschaften 

unterscheiden, geprüft. Das Zusammenspiel zwischen USP und unterschiedlichen 

Schienenzwischenlagen ist ebenfalls zu berücksichtigen.  

 Schienenzwischenlagen:  

o Eine optimale Schienenzwischenlage dämpft die Schwingungen frequenz- und 

lastabhängig derart, dass die Anforderungen von Lärm, Erschütterungen und Asset 

Management gleichzeitig erfüllt werden. Von Vorteil wäre eine tiefe Steifigkeit bei 

tiefen Frequenzen und eine hohe Steifigkeit bei hohen Frequenzen. Dies kann 

erreicht werden, indem zum Beispiel das Material oder das Design der 

Schienenzwischenlage verändert wird. 

Projektvorschlag: Neue Materialien und Geometrien für Schienenzwischenlagen 

entwickeln und prüfen.  

o Zur Bestimmung einer optimalen Schienenzwischenlage ist es notwendig, die 

relevanten Parameter und deren messtechnische Erfassung zu bestimmen.  

Projektvorschlag: Schritt 1: Erprobungen im Labor um statische und dynamische 

Steifigkeit sowie Dämpfung sowie allenfalls weitere Parameter zuverlässiger zu 

messen und mit den Angaben der Hersteller vergleichen. Schritt 2: Verschiedene 

Schienenzwischenlagen auf einer Versuchsstrecke testen, wobei die Laborresultate 

mit der TDR (Track Decay Rate) und den Übertragungsverlusten zur Schwelle 

verglichen werden.  

 Befestigung:  

o Die Dimensionierung des Befestigungssystems beeinflusst die Schwingung der 

Schiene (z.B. die pinned-pinned mode), die Ausbreitung der Welle entlang der 

Schiene und die Dämpfung der Schiene.  

Projektvorschlag: Projekt zur Optimierung der Befestigung. Dies kann neue 

Materialien und/oder ein neues Design beinhalten.  

 Schwellen:  

o Die Bestimmung der relevanten Eigenschaften von Schwellen (z.B. Prestress) und 

wie diese mit der Gleisdynamik interagieren. Eine Schwelle mit einer hohen 



 

inneren Dämpfung oder eine tiefe Steifigkeit bei tiefen Frequenzen und eine hohe 

Steifigkeit bei hohen Frequenzen könnte den Lärm vermindern, welcher von 

Schwellen abgestrahlt wird. Eine solche Schwelle könnte unter Umständen auch 

den zusätzlichen Lärm vermindern, welcher bei der Verwendung von 

Schwellenbesohlungen beobachtet wird. Die neue Schwellenkonstruktion könnte 

völlig neue Materialen oder Geometrien beinhalten. 

Projektvorschlag: Schritt 1: Mit einem Erprobungsprogramm, in dem die 

Schwingungen und Verschiebungen auf bestehenden Schwellen in vergleichbarer 

Umgebung gemessen werden, wird das Wissen über das Schwingungsverhalten 

von Schwellen vergrössert. Die Schwingungen der Schwelle im Gleis werden mit 

der Dynamik isolierter Schwellen verglichen. Schritt 2: Projekt, in dem neue 

Schwellendesigns entwickelt und getestet werden.  

 Alterung:  

o Bestimmung des Einflusses der Alterung auf die einzelnen Komponenten. Damit 

Produkte betreffend Alterung schneller getestet werden können, ist eine Methode 

notwendig, mit der Gleiskomponenten künstlich rasch gealtert werden können.  

Projektvorschlag: Schritt 1: Suche oder Entwicklung eines Alterungsprozesses, 

welcher unter Laborbedingungen den tatsächlichen Alterungsprozess beschleunigt 

simuliert. Schritt 2: Projekt zum Vergleich der Alterung im Labor mit der Alterung 

im Gleis. Schritt 3: Erprobung von unterschiedlich künstlich gealterten Elementen 

und Vergleich btr. Lärm-, Erschütterungs- und Asset Managementkriterien 

entweder im Labor oder unter realen Bedingungen.  

 Asset Management:  

o Es gibt auf dem SBB Netz nur wenige historische Daten, welche bei einer 

umfassenden RAMS Analyse verwendet werden könnten. Für eine umfassende 

und vollständige Optimierung werden solche Daten notwendig.  

Projektvorschlag: Schritt 1: Die notwendigen Daten definieren und überprüfen, ob 

diese aus bestehenden Daten hergeleitet werden können. Schritt 2: Ein Projekt 

innerhalb Infrastruktur starten, bei dem die notwendigen Daten für RAMS und 

LCC auf eine optimale Art und Weise gesammelt werden. 

o Bestimmung der optimalen Erneuerungszeitpunkte für die einzelnen 

Gleiskomponenten. Hierzu müssen die bestehenden Regeln überprüft werden.  

Projektvorschlag: Projekt, indem die bestehenden Regeln für den Ersatz von 

einzelnen Gleiskomponenten oder die gesamte Oberbauerneuerung überprüft 

werden. Hierzu könnten mittels „big data“ Analysen die Daten des 

Diagnosefahrzeugs mit Erneuerungszeitpunkten korreliert werden.  

 Gesamtoptimierung:  

o Definition einer Funktion, mit der Optimierungen durchgeführt werden können.  

Projektvorschlag: Fall 1: Beurteilen, ob es bestehende Funktionen von 

ausreichender Qualität für die Bestimmung der Performance des Gleises gibt und 

ob diese mit den fehlenden Elementen z.B. für Lärm oder für Erschütterungen 

ergänzt werden könnten. Das Ziel könnte ein Einzahlwert sein. Fall 2: Die 

Funktion aus den relevanten physikalischen Gesetzmässigkeiten herleiten, sowohl 

mit Hilfe von Erkenntnissen aus bestehender Literatur, als auch durch spezifische 

Tests im Gleis. Eine Gewichtung der Elemente der Funktion kann lokale 

Präferenzen oder Rahmenbedingungen abbilden.  

 Statistik:  

o Es besteht in der Regel eine grosse Variabilität bei Versuchen mit 

Gleiskomponenten. Es gibt zur Zeit keine Richtlinien im Eisenbahnsektor, wie 

vorgegangen werden kann, um diese Variabilität sinnvoll zu berücksichtigen. Eine 

solche Richtlinie müsste statistische Elemente umfassen, wie z.B. die Anzahl 



 

Wiederholungen und statistische Testverfahren. Zum Beispiel müssen Methoden 

gefunden werden, um frequenzabhängige Kurven miteinander zu vergleichen wie 

etwa verschiedene TDR Kurven. 

Projektvorschlag: Zusammenstellung einer umfassenden Richtlinie für die 

Erprobung im Bereich Lärm und Erschütterungen. Diese Richtlinie soll statistische 

Verfahren und Design of Experiments Wissen mit Ingenieur- und Messerfahrung 

kombinieren. 

 Testabschnitte:  

o Um die Versuche zu vereinfachen, müssen konkrete Testabschnitte definiert 

werden, bei denen möglichst viele Parameter bekannt sind. 

Projektvorschlag: Kriterien für Testabschnitte definieren, die Möglichkeiten 

prüfen und eine oder mehrere Optionen wählen.  

 Innovation:  

o Eine nicht diskrete oder sogar zufällige Auslegung des Gleises könnte die Bildung 

von bestimmten Wellen verhindern (z.B. in der pinned-pinned Frequenz). Diese 

nicht diskrete Auslegung könnte erreicht werden mit unterschiedlichen 

Schwellenabständen oder – falls die Abstände gleich gelassen werden, mit 

unterschiedlicher Geometrie (Breite) der Schienenzwischenlagen von einer 

Schwelle zur nächsten. Auch könnte die Steifigkeit der Schienenzwischenlagen 

zufällig von einer Schwelle zur nächsten gewählt werden. 

Projektvorschlag: Schritt 1: Simulierung der Auswirkungen von zufälliger 

Abstützung oder wechselnde Steifigkeiten einzelner Komponenten auf Lärm und 

Erschütterungen. Dies müsste für verschiedene Verkehre durchgeführt werden. 

Schritt 2: Auf Testabschnitten unterschiedliche Konfigurationen von Steifigkeit 

und Dämpfung einbauen und den Lärm und die Erschütterungen messen, sowie die 

Auswirkungen auf Asset Management bestimmen und mit den 

Simulationsresultaten vergleichen.  

o Untersuchung des Einflusses von Reibungsmodifikatoren auf das Wachstum der 

Schienenrauheit. 

Projektvorschlag: In Versuchsabschnitten mit und ohne Reibungsmodifikatoren 

den Lärm, die Erschütterungen sowie die Schienenrauheit in periodischen 

Abständen über eine längere Zeitdauer messen. Dies könnte mit einem Versuch 

kombiniert werden, in dem das Wachstum der Rauheit auf Schienen allgemeine 

untersucht wird.  

 

5 MÖGLICHKEITEN ZUR GESAMTOPTIMIERUNG 

Im Projekt Go-Leise wurden zwei unterschiedliche Methoden zur Bestimmung des 

Gesamtoptimums geprüft: 

5.1  Kosten-Nutzen Analyse 

Mit der Kosten-Nutzen Analyse werden Alternativen ökonomisch verglichen. Hierzu müssen 

gleiche Einheiten gegenübergestellt werden, d.h. der Nutzen muss monetarisiert werden. Dies 

ist für Lärm- und Erschütterungschutzmassnahmen kompliziert, jedoch bestehen verschiedene 

Ansätze, welche im Projekt Go-Leise untersuchte wurden. Zwei Möglichkeiten werden hier 

als Beispiele aufgeführt: Der Ansatz der der VLE (Verordnung zur Lärmsanierung der 

Eisenbahnen [5]) und eine Monetarisierung mit DALY (Disability Adjusted Life Year).  

 

Nach der VLE sind Investitionskosten dann wirtschaftlich tragbar, wenn folgendes für den 

Preisstand Oktober 1998 gilt:  



 

 

Investitionskosten je ∑(∆dB(A) × Personen): CHF 3000  

 

Der Preisstand von 1998 wurde gewählt, damit die Massnahmen mit früheren Projekten 

vergleichbar sind.  

 

Ein weiterer Ansatz ist der DALY (Disability Adjusted Life Year). Dieser wird aus der 

Summe von YLL (Years of Life Lost) und YLD (Years Lost due to Disability) berechnet. 

Diese beiden Parameter basieren wiederum auf Untersuchungen der WHO (World Health 

Organisation), welche aufgrund eine Vielzahl von Forschungsresultaten ein Zusammenhang 

zwischen Lärmimmissionen und Gesundheit hergestellt hat [6]. Jedem DALY kann nun ein 

monetärer Wert zugeordnet werden, welcher oft zwischen € 30‘000 und € 150‘000 liegt [7]. 

5.2  Multi-Criteria Analysis 

Mit der Multi-Criteria Analysis wird aus einer Reihe von vorgeschlagenen Optionen die beste 

bestimmt. Verglichen werden alle Kriterien, welche für die Entscheidung relevant sind. Die 

Kosten sind dabei nur ein möglicher Aspekt – es werden auch andere Kriterien oder 

Qualitäten mitberücksichtigt. Die Multi-Criteria Analysis kann zu einer SMAA (Stochastic 

Multicriteria Acceptability Analysis Method) erweitert werden. Damit wird es möglich, 

Unsicherheiten in der Bewertung zu berücksichtigen. Dies ist insbesondere dann 

empfehlenswert wenn grössere Variabilitäten vorhanden sind. (z.B. im Rahmen von 

netzweiten statistischen Betrachtungen). 

 

6 BEISPIEL DER GESAMTOPTIMIERUNG MIT MULTI-CRITERIA ANALYSIS 

 

Im Go-Leise Projekt wurden zahlreiche Änderungen an den Gleiskomponenten (z.B. 

Schienenprofil, Schwellentyp, Schottertiefe) sowie Lärmsanierungsmassnahmen (z.B. 

akustisches Schienenschleifen, Schienendämpfer) und Erschütterungsschutzmassnahmen (z.B. 

Schwellenbesohlung, Unterschottermatten) nach den drei Kriterien Lärm, Erschütterungen 

und Asset Management untersucht. Schienenschleifen und die Steifigkeit von 

Schienenzwischenlagen sollen nachfolgend als Beispiele für die Gesamtoptimierung mit der 

Multi-Criteria Analysis dienen. Hierzu wurden die Kriterien RAMS (Reliability, Availability, 

Maintainability und Safety), LCC, Lärm und Erschütterung benotet. Für die Benotung wurde 

eine 3x Skalierung verwendet, wobei der Wert 0 für keinen und 27 für einen bedeutenden 

Effekt steht. Positive beziehungsweise negative Effekte wurden mit einem entsprechenden 

Vorzeichen versehen. Die Benotung resultierte aus einer Summe von Expertenmeinungen.  

 

In Tabelle 1 ist die Benotung für Schienenschleifen zusammen mit einer Begründung 

aufgelistet. Dabei wurden unter anderem folgende Punkte in Erwägung gezogen: Tiefe 

akustische Rauheit führt zu weniger Lärm; Schleifen reduziert oder verhindert Verriffelung 

und den RCF (rolling contact fatigue); der optimale Rad-Schiene Kontakt erhöht die 

Lebensdauer von Rad und Schiene.  



 

 
Reliability 

Availability 

Maintainability Safety LCC Lärm Erschütterungen 

MTBM 

nimmt ab [3-] 

 

MTB(C)F 

Nimmt zu [9+] 

 

Schleifabfälle 

können 

Signalstörungen 

bewirken [3-] 

Kein Einfluss [0]  Head Checks 

verhindern 

[9+] 

 

Weniger 

Verriffelung 

verhindert 

Befestigungs-

brüche 

[3+] 

Schleifen 

führt zu 

höheren 

Kosten [3-] 

 

Weniger 

Head Checks, 

weniger 

Befestigungs-

probleme 

verringert 

Unterhalt 

[9+] 

Geringere 

Rauheit führt zu 

geringerem 

Lärm 

 

Schleifspuren 

können Lärm 

erhöhen 

 

Auf dem SBB 

Netz wird ein 

zusätzlicher 

Nutzen von 1 – 

2 dB erwartet 

[9+] 

Weniger 

Headchecks und 

geringere Rauheit 

können 

Erschütterungen 

verringern [+3] 

      

 

Tabelle 1: Übersichtstabelle am Beispiel des Schienenschleifens 

 

 

Werden die einzelnen Kriterien nicht unterschiedlich gewichtet, ist vermehrtes 

Schienenschleifen lohnend sowohl für das Asset Management, für den Lärm- wie auch für den 

Erschütterungsschutz. Auch wenn die Benotung im Sinne einer Sensitivitätsanalyse leicht 

geändert wird, würde kein anderes Resultat entstehen.  

 

Etwas anders sieht die Situation mit der Steifigkeit der Schienenzwischenlage aus. Bei den 

SBB werden in der Regel steife Schienenzwischenlagen eingebaut. Die nachfolgende 

Bewertung beschreibt deshalb den Wechsel von steifen zu weichen Schienenzwischenlagen. 

Bei diesem Wechsel wurden folgende Kriterien berücksichtigt. Weiche 

Schienenzwischenlagen führen zu mehr Lärm aber (vermutlich) zu weniger Erschütterungen; 

Weiche Schienenzwischenlagen schonen den Oberbau; Weiche Schienenzwischenlagen 

führen zu erhöhter lateraler Beweglichkeit der Schienen.  

 
Reliability 

Availability 

Maintainability Safety LCC Lärm Erschütterungen 

MTBF 

Nimmt zu [3+] 

 

 

Kein Einfluss [0]  Erhöhte 

laterale 

Beweglichkeit 

der Schienen 

[3-] 

 

 

Reduktion 

von Schäden 

an Gleis-

komponenten 

[3+] 

 

Weiche 

Schienen-

zwischen-

lagen haben 

eine kürzere 

Lebensdauer 

[3+] 

Zunahme des 

Lärms um 1 – 3 

dB  

[9-] 

Vermutlich 

insgesamt 

Abnahme der 

Erschütterungen 

[3+] 

      

 

Tabelle 2: Übersichtstabelle am Beispiel der Steifigkeit von Schienenzwischenlagen 

 



 

In diesem Fall ist die Abwägung zwischen Lärm, Erschütterungen und Asset Management 

weniger klar und abhängig von der Gewichtung, welche für die einzelnen Kriterien gewählt 

wird. Diese Gewichtung wird von örtlichen Gegebenheiten abhängen, zum Beispiel durch die 

Bedeutung des Lärmschutzes an diesem konkreten Ort.  

 

7 NÄCHSTE PHASEN GO-LEISE 

Aufgrund der vorliegenden Studie werden nun Anträge für die Finanzierung von Versuchen 

zur Schliessung der Wissenslücken gestellt und diese bei erfolgreicher Finanzierung 

umgesetzt. Ein Antrag für die Entwicklung von neuen Materialen für Schienenzwischenlagen, 

welche mit einer optimalen Dämpfung bei verschiedenen Frequenzen sowohl den Unterhalt 

als auch den Lärm reduzieren sollen, ist bereits gestellt worden. Dieses Projekt würde von der 

EPFL (École polytechnique fédérale de Lausanne) geleitet. Beteiligt ist neben der SBB auch 

die Empa (Eidgenössische Materialprüfungs- und Forschungsanstalt). Weitere Anträge und 

Projekte sollen in den nächsten Jahren folgen, mit dem Ziel, bis 2020 Massnahmen und 

Methoden soweit bereit zu haben, so dass sie im Rahmen des BGLE (Bundesgesetz zur 

Lärmsanierung der Eisenbahnen) umgesetzt werden können.  
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1 
Go-Leise workshop 

1.1 Goal 

The Go-Leise projects aims at a Whole System Optimization for Noise, Vibrations, Safety and 
Infrastructure LCC. The uniqueness of this approach makes acquiring information and defining 
knowledge gaps very important and likewise difficult. A literature research and expert 
interviews were conducted prior to the workshop and a summary of the most important 
findings compiled for the participants. The workshop was mainly used to obtain further input 
and critiques from the discussion with various experts in the field of rail altogether with 
participants from SBB and the involved Swiss federal ministries (BAFU/ BAV).  

1.2 Location 

The Go-Leise workshop took place on the 1st of June at the federal ministration of 
environment (BAFU) in Bern. 
 

1.3 Participants 

The following list shows the participants that actually attended the workshop, their affiliation 
and assigned expertise in the discussion of the holistic optimization approach 
 

Name Organization  Expertise 

Jakob Oertli SBB Project leader 

Michael Hafner SBB Project leader 

Roger Müller SBB Vibration expert 

Mayasi Kamu SBB Infrastructure expert 

Philippe Chèvre  SBB SBB expert 

Christoph Wenger  BAFU Noise expert/federal agency 

Sandro Ferrari  BAFU Noise expert/federal agency 

Robert Attinger BAV Noise expert/federal agency 

Stefan Lutzenberger Müller-BBM Go-Leise consortium 

Nathan Isert Müller-BBM Go-Leise consortium 

Ard Kuijpers M+P Go-Leise consortium 

Wout Schwanen M+P Go-Leise consortium 
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Frank Elbers dBvision Go-Leise consortium 

Paul de Vos SATIS Go-Leise consortium 

Ward Verhelst Infrabel Noise expert infrastructure provider 

Jens Nielsen Chalmers Noise expert university 

Rüdiger Garburg Deutsche Bahn AG Vibration expert infrastructure provider 

Jonathan Paragreen Sheffield University RAMS/LCC expert university 

Cor Hogervorst BAM Rail bv RAMS/LCC expert maintenance contractor 

Norbert Krebs SBB Infrastructure Holistic/helicopter view 

Stefan Potocan Getzner Manufacturer 

 

1.4 Program 
Part Time Session Moderation 
1 09:30  Welcome and participant introduction  Jakob Oertli, Christoph Wenger 

2 10:00 Short introduction of the Go-Leise phase 1 project  Jakob Oertli, Stefan Lutzenberger 

3 10:15  Summary of knowledge gaps Nathan Isert, Wout Schwanen 
4 10:45  SBB perspective to Go-Leise and further steps Jakob Oertli, Michael Hafner 
 11:00 Coffee break   

5 11:15  Discussion about the presented gaps and suggestions for 
further gaps  Paul de Vos, All 

6 12:00  Explanation of planning game and the afternoon process  Ard Kuijpers, Wout Schwanen 

 12:30  Lunch   
7 13:30  Work out a program for gaps in two groups Michael Hafner, Paul de Vos, All 
 15:15 Coffee break  
8 15:30  Present results from each team  Michael Hafner, Paul de Vos 

9 16:00  

Planning game to get a integrated program proposal for 
selected critical gaps  
(ordering the steps, identifying the outcome and 
risks/criticality per step, time and costs)  

Ard Kuijpers, Wout Schwanen 

10 17:00  Conclusion (All) Jakob Oertli, All 
 17:30  End   
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2 
Minutes 

The following is a compilation of the discussions at the workshop sorted by the different 
sessions. The minutes are an incomplete collection of all input, remarks and critiques found 
worthwhile to mention by one of the consortium members. The fact that some important 
discussion points are not being mentioned has to do with the fact that they were already 
considered appropriately in the project at an earlier stage. Likewise some points mentioned 
were already addressed in the deliverables jet their importance was reevaluated or their 
context redefined during the workshop discussions.  

2.1 Welcome and participant introduction 

All participants in the workshop were welcomed and given the opportunity to introduce 
themselves with their affiliation and expertize. The framework of Go-Leise was motivated in 
the course of this. 

2.2 Short introduction of the Go-Leise phase 1 project 

A short introduction of the consortiums approach at the Go-Leise phase 1 project was given. 

2.3 Summary of knowledge gaps 

The results gathered from the literature research and questioning of experts so far were 
presented in a short summary. The focus was on terminology and methodology as to give the 
participants of the workshop a common basis for their discussions. An example was 
presented for the rating of the effect of a measure in regard to RAMS, LCC, noise and 
structure-borne noise in the context of a decision analysis to be performed for a holistic 
optimization. It was emphasized that the phase 1 approach of Go-Leise requires a thorough 
examination of knowledge gaps and their assessment and therefore the workshops focus of 
all later sessions lay on raising new aspects and (re-)evaluating the importance of knowledge 
gaps from all sorts of angles. 
Remarks/ questions after presentation 

• Cor Hogervorst: MCDA is a way to get a rank of options. It serves as a starting point 
as it reveals which option is worth investing in more detail. 

• Stefan Potocan: What if track is not in perfect condition when starting? 
• Ard Kuijpers: The first step is always to get the track in good condition. This will 

gain most benefits. If the track is not in good condition it has no use to make any 
changes to the components. 

• Rüdiger Garburg & Robert Attinger: The statements in the overview document 
about effects are very general, without footnotes and any background information. It 
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is depending on a lot of factors and thereby independent findings will often display 
large variabilities. 

• Roger Müller: the Swiss findings for noise increase with USP were largely for soft 
USPs. 

• Ward Verhelst: Is corrugation not input for Go-LEISE, as it is known/believed that 
the USP does have an effect on the growth of corrugation 

• The question was raised if all ratings of an effect could be measured instead of 
having to obtain some of them through expert judgement. This led to the question 
whether safety is a measurable property at all within an ethic framework. 

• It was pointed out that for a better rating of effects a model could be required to 
access true values for RAMS/LCC. 

2.4 SBB perspective to Go-Leise and further steps 

SBB presented a short introduction into their perspective regarding (maintenance) costs and 
applicability of the Go-Leise optimization approach. Possible future phases were sketched 
and track components listed that could be looked at for an optimization. This was explained 
at the example rail dampers. 
Remarks/ questions after presentation 

• Cor Hogervorst: if you take a measure what costs are included in the project? 
• Jakob Oertli: The money for investment of the measure is included but the extra 

maintenance that comes with the measure is not included. SBB has to pay for that. 
• Mayasi Kamu + Rüdiger Garburg: A good example of that are rail dampers. We 

receive financing to place them but not for the extra maintenance that comes with 
them. 

• Roger Müller: will curves and switches be included in a later stage. 
• Jakob Oertli: We first want to look at a relative simple situation with a straight 

track. If the optimization works we can start a ‘curve Go-LEISE’or a ‘switch Go-
LEISE’. 

2.5 Discussion about the presented gaps and suggestions for further gaps 

This session was used to gather as much input from the workshop participants on a broader 
frame as possible. The focus was on knowledge gaps and all suggestions and ideas were 
taken, independent of whether they had already been addressed in an earlier stage of Go-
Leise. 
Knowledge gaps and remarks 

Rail/Rail grinding 
• Grinding itself makes noise 
• Impact of grinding on head checks 
• Negative effect of grinding (grinding marks increase noise) 
• Optimal grinding strategy/method (speed/frequency/cycle) 
• Optimal rail grade (i.e. steel) 
• What could be a good roughness monitoring method (network)? 
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• Can preventive/cyclic grinding be combined with acoustic grinding? 
USP 
• Impact of train speed on USP stiffness (also important for other track components) 
• Are LCC investigations from i.e. Austria applicable to SBB? 
Ballast 
• The difference in ballast quality and indicators to describe them. 
Full track 
• Strict recordings of similarities and differences of “same track” systems 
• Interdependencies of track components in a full track system 
• Statistics on track damage 
•  
Rail pad 
• Possible stiffness and damping ranges for rail pads (minimum / maximum values 

before damaging/running into safety issues) 
• What is the effect of aging (also for other track components) 
Sleeper 
• Impact of sleeper differences other than shape and weight. 
• Optimal sleeper distance/pattern? 
Soil 
• How to improve (sub-) soil? 
•  
Overall 
• What is the effort to test for LCC and how should this be done? 
• What is the optimal renewal point for full track/components? How good are existing 

rules? 
• Impact of sub-ballast on LCC and ground vibrations 
• Are optimum materials being used in the individual track components? 
• Impact of measures (i.e. USP or rail dampers) on roughness formation 
• At which length is a measure best applied if transition zones are required? 
• Can a function be formulated for the optimization? And what needs to go into it? 
• How important is wheel roughness? How could wheels be monitored? 
• How to best involve suppliers/manufacturers to disseminate/motivate optimizations 

and new developments? 
• How to optimize within political framework? (i.e. investment cost vs maintenance 

cost) 
• How to best incorporate local preferences? (i.e. track improvements over noise 

barriers in touristic areas) 
• Lack of well-designed experimental tests in railway testing (lack of comparability) 
• Lack of detailed LCC costs for entire tracks and components (historic data is often 

falsified by cross financing from different funds and subsidies) 
• How to monitor for poorly performed maintenance 
Measures 
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• Friction modifiers: impact on roughness formation? 
• Combining rail dampers and fasteners? 
• Rail pad pattern with random stiffness modification along the track 
• Isolator (pad) integrated into the fastener 
• Sleepers with integrated supports? 

2.6 Explanation of planning game and the afternoon process 

The planning game rules, terminology and pieces were explained for the afternoon session. 

2.7 Work out a program for gaps in two groups 

As part of the planning game the workshop participants were divided into two groups of 
which each had the task to name important knowledge gaps in the Go-Leise project and 
define their milestones (steps that need to be taken to fill the gaps). 
 
Team 1 
Rail pad (behavior over time - aging) 

1) Look for existing data (i.e. TDR) that may be statistically analyzed.  
2) Determine initial properties (in track: TDR, preload; pad: dynamic 

stiffness/damping, material) 
3) Document all boundary conditions (environmental conditions, traffic, etc.) 
4) Try to find causal relations between in track behavior and laboratory testing. (i.e. 

compare to artificial aging tests) 
5) Draft a test specification to ensure comparability of subsequent tests 
6) Take LCC into consideration when looking at alteranatives 
7) Optimize procurement specifications (to obtain comparable property data from 

manufacturers) 
8) Develop an in-situ measurement technique to test the rail pad performance (i.e. TDR 

and impedance) 
Setup of experiments (to obtain comparable and reproducible data) 

1) Observation 1: many influencing factors leading to varying results. 
2) Observation 2: it is often relevant to compare spectral (frequency) data instead of 

single number values. 
3) Define frequency range of interest 
4) Look at how large the variability of test results is in this frequency region 
5) Look at all possible causes for this variability (comparing all boundary conditions and 

reporting all differences or even specific properties) 
6) How many repetitions are required for a statistically accurate estimate? 
7) Because field tests in railway are expensive it is important to have well defined 

experiment designs 
8) Successful approaches to test designs should be drafted into guidelines 

Acoustic quality of rail network 
1. Monitoring methods required (i.e. measurement coach) 
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2. Monitoring program required to determine and monitor hot spots 
3. Look at common factors of all bad/good locations to isolate possible causes for the 

tracks behavior 
4. Set up specific experiments to determine acoustic quality  

Team 2 
Limited historical data on RAMS 

1) Investigation of available data (literature research/SBB databases) 
2) Define the data that is needed 
3) Look at quality of existing data. Also try to find hidden (deducible) data. 
4) Examine what kind of damage causes what.  
5) Look at possible impact from traffic (also for historical data) 
6) Look at the financing framework to estimate correct cost data 

Preventive/cyclic grinding (SBB does it between twice per year up to every 9 years to prevent 
failure / track monitoring via eddy-current method) 

1) Find out if there truly is an increase in the (objective/subjective) perception of noise 
annoyance after grinding (impact of grinding marks on noise) 

2) Find the dB range of this noise increase. Is it temporary and what is the timespan? 
How does this relate to traffic? 

3) Compare different locations and to different countries 
4) Look at results for different grinding techniques from different companies. 

USP (soft USPs add noise / track stability unclear / good for vibrations -> could be used to 
solve 80% of the current SBB vibration issues for only a fourth of the costs of rivaling 
mitigation measures) 

1) How big is the noise increase truly? (current studies suggest 2 dB in SBB network) 
2) What causes the noise increase? 
3) What other benefits come from USP (i.e. LCC)? 
4) Is there a cheap counter method/measure in case of noise increase? (i.e. Could the 

sleeper properties (i.e. shape) be altered to compensate noise for sleepers with USP? 
Or could the stiffness of USP and rail pad be modeled such that most passing trains 
(speed/load fixed) only cause a slow sleeper response?) 

5) Could instead of USP rail pad or sleeper modifications be used to mitigate ground 
vibrations? (i.e. can soft rail pads lower parametric excitation due to less extremes 
in the passing wheel stiffening effect) 

Friction modifiers 
1) What are the benefits? 
2) Under which circumstances could it be used? 
3) Are there safety issues? 

RAM(S) 
1) How can safety be measured? 
2) How many repetitive failures are there in the SBB network? 
3) How long does it take that changes in maintenance/renewals show an effect? (7 

years were reported on average for UK and NL to have only insignificant 



Minutes of the Go-Leise workshop | Müller-BBM - dBvision - M+P |  9/12 

Minutes  |    1 June 2016   
 

degeneration after stopping maintenance and renewal. After that period the track 
quality decreased fast.) 

4) How to test for failure (aging)? 
5) There should be a hot spot failure visualization 

2.8 Present results from each team 

The results from the teamwork session was presented to the entire group 

2.9 Planning game to get an integrated program proposal for selected critical gaps 

The cyclic/preventive grinding was chosen to exemplarily perform the planning game on. As 
the time ran out at the end of the game, the results of the planning game were copied to a 
website by the consortium. 
 
In the workshop, we played the Planning Game (see e.g. here) adapted for research projects. 
We have ported the post-it mark results to Trello, a digital planning board website (a.k.a. 
digital Kanban board) that allows us to share a planning for teams that work in different 
locations. Trello is just an example of a board system. There are numerous other services 
with a variety of features (and corresponding learning curve).   
  
In the session we defined five research questions:  

• What are the characteristics of the noise problem? (in dB, temporal)  

• What is the influence of the grinding technique?  

• Is it a (location dependent) specific problem for CH?  

• Does the problem depend on traffic characteristics?  

• What grinding cycle is optimal for LCC?  

  
Then we brainstormed and defined 22 tasks that were (at least) necessary to answer the 
questions. All these tasks where then estimated for Risk, Value (to the business) and Costs. 
The Risk was assessed with three aspects in mind: Completeness, Volatility and Complexity of 
the task. Cost/Effort was estimated on the scale 1,3,9,27.   
  
All these tasks were added to the digital board. The Effort and Risk were added to the task 
description in the format [Effort:<effort-score>;Risk:<risk-
score>=<completeness>}<volatility>|<complexity>]. The business value was 
expressed with a label color: 

 

http://c2.com/cgi/wiki?PlanningGame
https://trello.com/
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The end result of the first planning session would look like: 

 
With a planning according to the priority and were some items were deferred by the business. 
 
In another board, we can assign the tasks to the research questions and get an idea of the 
progress: 

 
The tasks themselves are related to the research questions as a checklist (where we have 
ordered them in logical timeline order). 
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The tasks themselves are related to the research questions as a checklist (where we have 
ordered them in logical timeline order). 

 
Now this planning is made on a very high level. In practice one can use a Kanban board to 
plan the activities for one task into subtasks, all according to needs. 

2.10 Conclusion 

The workshop was discussed in retrospective with comments from all parties. Some notable 
comments were: 

• That the Go-Leise workshop was well received with a good amount of input from all 
participants. 

• That the SBB is willing to share all results from the Go-Leise project and would highly 
welcome if other countries railway sectors and manufacturers were to get involved 
in the holistic optimization project but sharing their knowledge and helping to fill 
important knowledge gaps. 

• That next steps (phase 2) of the Go-Leise project would be worthwhile to take. 
• LCC cost evaluation should be started with right away. 
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