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ABSTRACT

Optram is a computer software fevaluation oftrack geometry qualitgata,used
as a decision support in planning and folopv of tamping maintenance for Swedish
railways. The software was introduced at the Swedish Transporinistirationyear
2009but has noteached the intended number of us&ise purpose with this thess
to suggest how Optram can be improved as a decision support in the tampireg maint
nance process. Interviews have been held with maintenance plannecsit@their
impressions oDptramand identifyproblems in the process. The result has indicated
that the transition fronpreviousanalogueevaluation of track geometry qualitg
digital evaluation withOptramis a threshold for maintenance planners.tifer, a
desirefor an advising function in Optrans expressedidentified problems in the
process are e.dack of longterm tampingstrategy and diftiultiesto acquire track
possession time. Concluding recommendafmmthis thesisis to develop two new
functions inOptram aTamping Recommendation Modglggesting tamping sections
for shortterm planning based on a targewv@lue or a given budgetnd aTrack Ge-
ometry Quality Degradation Modgtedicting the longerm effects of diérent tarp-
ing strategies

Key words: Optram, Tampinglaintenance, Trac&eometryQuality, Q-value
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ABSTRACT IN SWEDISH

Optram &r en programvara for utvardering av sparlagesdata och anvande-som b
slutsstod for planering och uppfoljning av sparriktning pa svenska jarnvagar. Pr
grammet introducerades pa Trafikver&t2009men har inte anvants i planerad u
strackning. Syftet med detta examensarlgetatt foresla hur Optram kan forbattras
som beslutsstod i sparriktningsprocessen. Intervjuegeaomfortsmed underhas-
planerarefor att sammanstallaerasintryck av Optramochkartlagga problem i spa
riktningsprocessen. Resultatet hasat att Gvergangen fran tidigare analoga matdata
till Optram uppfattas som etréskel for en del underhallsplaneraBessutom har en
onskan om e radgivande funktion Optramuttryckts.De problem som identifierats i
sparriktningsprocessen Bka. bristande langsiktig strategi samt begraniigdng pa
banarbetstiderAvslutningsvis har tvad konceptuella modeller utvecklats;benk-
ningsmodell em rekommenderar sparriktningsstrackor utifran ett onskatiQe
eller en given budgesamt en prognesodell somberaknar forvantadparlagesro
brytning for attvisalangsiktiga effekter awlika sparrikningsstrategier.

Nyckelord: Optramsparriktning, sparlageskvalitet;\@rde
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Notations

This section will translate somelevant railway technical termapbreviationsand
definitionsthat are used within the Swedish transport administratnohin this thesis

English
Alignment

Cant

C-fault list

Conditionbased maintenance
Corrective maintenance
Isolated defects

Link

Longitudinal level
Performancéased contract
Possession time
Predetermined maintenance
Preventive maintenance
Maintenance manager
Quality list

Sun kink

Swedish Transport Administration
Tamping

Track gauge

Track geometry quality

Track geometry quality diagram
Traditional contract

Twist

Valuationdiagram

Swedish

Sidolage
Ralsférhojning
C-felslista
Tillstdndsbaserat underhalll
Avhjalpande underhall
Punktfel

Bandel

Hojdlage
Funktionsentreprenad
Banarbetstid
Forutbestamt underhall
Forebyggande underhall
Banftrvaltare
Kvalitetslista

Solkurva

Trafikverket
Sparriktning

Sparvidd
Sparlageskvalitet
Sparlagesdiagram
Utférandeentreprenad
Skevning
Varderingsliagram
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Abbreviations

Abbreviation English translation Swedish definition
BAP Railroad work plan Banarbetsplan
BESSY System for inspection Besiktningssystem
BIS Information systenfior track comp- Baninformationssystem
BUP Railroad usage plan Banutnyttjandeplan
BVF Standardf the Swedish TransportdA  Foreskrift
ministration
BVH Manualof the Swedish TransportdA  Handbok
ministration
TGQ Track geometry quality Sparlage

X CHALMERS, Civil and Environmental Engineering Ma st e 20263Thesi s



1 Introduction

This chapter will give an introduction to the thesis, starting with a background to the
subject, followed by purpose and goHhereafter will research questions be presented
to further clarify the goals and finally will the delimitationsdexlared.

1.1 Background

Rail transport is an essential part of a sustainable transport system in Sweden today.
Passenger traffic connects regions to each other, which enables larger labour markets
and enriches people’s mobility with public transports. Theketafor freight rail
transport is increasing and competing with road transport; one freight train can take
the same load of goods as 30 lafigtance lorriegNaringsdepartementet, 2011)

There is an ongoing debate in mediday about the current status of railway maint
nance due to problems with delayed trains, especially during the last couple of hard
winters. There are several components in the railway that affect the present dtate qua
ity of a railroad. One important cormpent is to maintain a good track geometrylqua

ity; that the track is straight on straight lines and curved where it should be curved.
Minor track irregularities can induce vibrations in trains and thereby reducerthe co
fort andincreasewear onother trak componentsMore severe irregularities can-

duce sun kinks and causederailment. Railway tamping is a maintenance operation
performedo restore track irregularities by correcting the track geometry.

Track geometry is monitoredsing advanced measuring equipment to ensure that
maintenance operations are taken at the correct time. Data from the measurements can
be displayed and analyzed in the software Optram, acting as support for decision ma
ing regardingampingoperationssince year 2009Despite its high potential compared

to the previous analogue system, the method of using Optram has not yet had a full
impact in the organisation of the Swedish Transport Administrationtamadntrac-

tors. For this reason the Swedish Tramsgalministration has an interest in develo

ing this tool to make it more uisg.

1.2 Purposeand goal

The purpose with this thesis is developthe software Optram as a decision support
in the railway tamping maintenanggocess The goal is to analyse Opitn& sn- i
provement potential for the process and suggest new improvements.

1.3 Research questions

Following research questions have baasweredn this thesis:

1. How can the current usability in Optram be improved?

2. In which parts of the tampingaintenanc@rocess does Optram haapoten-
tial to improve thgroces®

3. What type of new functions in Optram could be used tadavpthese pargs

1.4 Delimitations

The selection of $sues that arstudied to determin® p t r anprovementpotential
will not cover allareas in lte maintenancerocess that can be improved, but it will
point out some selected areas that are discussed in the intervigth®r, the thesis

CHALMERS, Civil and Environmental Engineering Ma st e 20263Thesi s 1



will not considerany other maintenance operations that are normally conducted in the
same contract.

The thesis will bcus on preventive maintenance measureaever corrective mai-
tenance will be discussed in the relation to how it affects prevemaasuresThe
physical limitations are that only welded tracks on railway lines will be considered i.e
no switches or crossings will be considered.

There isan ongoing development dfinctions in Optram. Since teefunctions are
notavailable in the current stathey have not bedgaken into account this report.

2 CHALMERS, Civil and Environmental Engineering Ma st e 20263Thesi s



2 Methodology

This chapter will describe the methodology that has been applied dbargesis
work. The first section will describtie literaturethatis used inthe theory chapter
followed by a description of the study visits and interviews that has been performed
Finally, the two last sections will describe how the discussion and exemplification of
new functions has been conducted.

As described in the introductipthe aim ofthis thesis is to improvihe decision o+

port regarding planning ahilway tamping matenance. The focus has been taide

tify problems in the process and suggest an improvement strategy to developg-the sof
ware Optram.

The work with the thesishas been subdivided intime four following objectives,
which will be referred to in the text this chapter

(1) Study and mapping of the tamping maintenance process

(2) Identification ofissuedn the tamping maintenance processl desire for new
functions in Optram

(3) Categorisatiomnd analysis of identifiedsues

(4) Exemplification of howthe issuegan be solved or reduced

A literature study has been a large part of this thesis, providing a theory base for the
process formulation and report writing. The data collection has consisted of a-qualit
tive interview study on different themes, the resulthini these thems have later

been analysed to put focus problem structures. Examples of possible ways to solve
the problems have begresentedand concludingrecommendationsegarding the
future development dDptramhavebeen formulated as the finahuts of this thesis.

2.1 Literature study

A literature study has been conducteduifil Objective (1) andfacilitate the readers

as well as the dhors with necessary knowledgthmsic railway theoryThe descrp-

tion of the railway track has been writtenr feaders that aneot accustomed with the
technical terrmology of railroad engineering andfsllowed by a section describing

the nature of track irregularities. Both these sections are based on texts by Andersson
& Berg, Corshammar and Esveld.

The nextsection describemping maintenance and track irregulariteesdis based

on literature bythe authors mentioned above, along with the standards, manuals and
other internal documents of the Swedish Transport Administrafibe section that
describeghe software Optram is mainly based on interviews with Simon Gripner and
Jan Spénnar, both engineers within the Optram management tpgetner with m-

ternal documentproduced bythe Swedish Transport Administration concerning O
tram. The authors havesal been introduced to the Optram system.

Description of different contract types atize tamping maintenance process as a
whole have been performenh order to understand how Optram is used in reality
Contracts and documentation from f@curemenprocess haveeen studied toaf
cilitate the writing of this sectiornnterviews with supervisor Tomas Johansddain-
tenance Engineer at the Swedish Transport Administrahame also been used
Mapping of thetamping maintenance processs found neceasy to formulate the
context in which the software Optram is used. Available literature is describing the
tamping procedure itself while the control documents ofSedish Transport é

CHALMERS, Civil and Environmental Engineering Ma st e 20263Thesi s 3



ministrationare describing the regulations and goals with tampinghbuwomplete
description of the planning process has been available.

2.2 Study visits

Three study visits have been conducted during the work with this thesis, aiming to
i ncrease t he afuhle lamping hainkemaoce pracesg. €hey have co
sisted ofa track irregularity inspectioof an isolated defeca trackmeasuremenwith

the STRIXcar and avisit to a tamping operation amew-built track The study visits

have been planned in cooperation with Jack Hankmtenance Mnagerat the
Swedish Trasport Administration. Documentation from these study visits has been
importantwhile writing the theory sectioand for Objective (1) and (2).

2.3 Interviews

The interviews have been structured to aid in the fulfilmer®@lective (2) The n-

terview methodlogy has been of qualitative nature, meaning that the aim of thie inte
views has been rather to identify qualities, positive or negative, within the studied
subject rather than measuring in what quantitative extent each of these qualities are
applicable Theinterview andinterview analysismethodologyhas been developed in
accordance with Ryen and Torh@yen, o.a., 2004)

Structure of the interview

The intervews have been conducted as ssmictured conversationadterviews. An
interview manuscript with on beforehand formulated questioas been used toe

sure that certain question themes are covered, but the interviewees have also been
given the opportunity to talk freely within these themes. Spontaneous aselstive

also been put to help the interviewees elaborate around the subjects. Six question
themes have been formulated as following:

- General opinion on the field of tamping

- Formulation of goals in contract and regulating documents
- Method for evaluation aheasurements

- Planning of tamping

- Execution of tamping

- Methods for followup

The question themes have been chosen so that the interviewees could dederibe pro
lems in the whole process of tamping maintenance from their perspedivell as
specific problems when using Optram and their own thoughts on solutions. e que
tion themes have been put in a logical order, starting with simple questions with easily
accessible answers for the interviewees and continuing with increasiregificp
guestions.

Thequestions for the interview manuscript akailable inAppendixO.
Selection of interview group

The <lection of intervieweedias been performed in consultation with supervisor
Tomas dhanssonAll interviewees are in a rolthat connectgshem closely tathe
tamping maintenance process. The intention was to select a group \aitie e-
gional spread, covering both tha@les ofcontractor and client i.ehe SwedishTrars-

port Administration All interviewees have been associated with certain maintenance
contractsfor one or several rail links and the goal has been to obtain a gro@p repr
senting different types of rail routes grms of track standard and type of traffic.

4 CHALMERS, Civil and Environmental Engineering Ma st e 20263Thesi s



Six interviews have been performed with fivaintenance manageirom the Swe-

ish Transport Administration and oneanagefrom an arbitrarycontractoy seeTable

2.1. The interviews have been conducted anonymous in order to have an outspoken
discussion. The interviewee will therefore only be referred as the interviewee or with
the title. Each interviewsessionhas taken approximately one to esneda half hour

and the interviews have been recorded and transcribed. Sotineinterviews have
beencarried outvia video conference or telephone interview.

Table21/ OAOOGEAx T £ OEA ET OAOOEAxAAOGSE O1T1 Ah OACEII
the persons links for which they are responsible ford EA AAAOAOEAOEIT T 63418 O
Transport Administration.

Role Region Contract type Type of traffc

Maintenance manage!STA | West Traditional Light goods/passenger

Maintenance managerSTA | West Performancebased Heavy goods/passenger

Maintenance manageiSTA | East Performancebased Heavy passenger

Maintenance manageiSTA | North Traditional Lightgoods

Maintenance manageiSTA | North Performancebased Heavy goods

Project leader, Contractor | East Performancebased Heavy passenger

Presentation of interview result

The interview result is presented@mapterd. Due to the extent and complexity of the
full interview resulf only selected issues apesentecand further discussed in the
report The orderin the chapters not following theinterview chronology, they are
sorted by the selected issu@se transcribed material has besoried out of irrele-
vant information and commentsy that thenterview result has become more camce
trated. In this process certain amount of interpretation has been necesEaeye-
sults will present the identified issues in Objective (2).

2.4 Evaluation of results

The interview analysis has been conducted with the focus of answering to the fulfi
ment ofObjective (3) All standpoints presented in the interview result has been di
cussed, evaluated and associated to each otleezdte a contex@The focus has been

to select issues that could be improved by developing new functions in Ojtrits.
way, theissues irnthetamping maintenance procesggich are judged as most inpo
tant have been highlighted and sorted out. Thesgeshave also beediscussedn
terms of where in the process they are raised and what effects they have.

2.5 Exemplification of problem solutions

The final part of this thesis has been to present examples of how new functions in
Optram could contribute to eliminate or reduce the identified problems, answering to
the last objective, Bective (4). The section is also a support for the following-co
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clusions. Attempts have been made to suggest improvements both targeting direct
problems for Optram users and indirect problems that arise in the tamping-maint
nance process. The examples of problem solutions have been developed by the a
thorsbased on the &gal problems, wich are stated in the discussion ihapter5.

This section shall not be seen as the way the problems should be solved but rather
how they could be solved.

CHALMERS, Civil and Environmental Engineering Ma st e 20263Thesi s



3 Theory

This chapter willgive the reader a theoretidackground tdhe results. The firsec-
tion will describe the basics of track geomednddefinetrack irregularitiesThere&
ter will the tamping operatiobe explained anéxemplified. The following section
will describe the measuring method for track irregularities and h@nig evaluated,
both analoguandwith digital format OptramFinally, thelast sectionwill describe
how tamping is administrated withdifferent mantenance contract and the plan-
ning process.

3.1 Railroad track

It is essential to understand how the railway is constructed and designed in order to
understand how track geometry quality can vary over a distance sétti®nwill
explain the basic parts of a railroad track construction and its geometry.

3.1.1 Track componentsand geometry

There are different kinds of railway constructions, ranging from simple structures
with wood sleepers and jointed rails to balf@ee trackswith welded rails
(Banverket, 1995)The railway is composed of different parts with differentcfun
tions, as displayed in the cross section beleigure 3.1. Starting from the top, the
different parts areescribed in the following sectioAndersson, o.a., 2001)

1 L

r fastening
%/

sleeper

subgrade

Figure 3.1 Schematic picture of the components in eailway track (UIC, 2010)

The rails are made ofdhaped steel bars on which the rail vehicle wheels are running.
Rail sections of lengths up to 400 m are welded together to form a smooth rail with
good travelling comfortSleepers form the support for the rails, transferring the load
from the vehicles into the ballast. The sleepers are normally constructed of concrete,
but wood sleepers occur on old track sections, in tunnels and on bridges. The spacing
between the sleepers is normallys5 m

Furthermore,he ballast bed is anchoring the track, preventing lateral and longitudinal
movements as well as creating bearing capdor the track. There are strict reqsr

ments on the characteristics of the ballast regarding hardness, grain shape and grain
distribution to ensure that the desired function is achieved. Apart from being stable,

CHALMERS, Civil and Environmental Engineering Ma st e 20263Thesi s 7



the ballast bed must al$mve elastity andgood drainageapacityto lead off rain

water. It also has to ensure ability of adjustmémtally, the subballast is the primal

track foundation, preventing vertical movemeaisl its thickness depends on time u
derlying subgradeTo avoid movemds in thesubgradedue to frost heave the sub
ballast also has an isolating function and the thickness is therefore depending on in
what climate zone the track is situated.

Track geometry is composed by straight lines and curves with different raglius d
perding on the maximum speeaxh the track, this is reguled in the guidelines of the
Swedish Transport AdministratioBetween a straight line and a curve is a transition
curve where the radius varying, from infinite at the connection to the straight-se

tion to equal of the curve at the curve connectionFsgare3.2. On Swedsh railway

lines the curves can have a raddi$00- 20 000 m(Andersson, o.a., 2001jo can-
pensate for radial acceleration forces in the curved secti@asit is added on the
outer rail in the track cross secti@geFigure3.2. Since the acceleration force is-d
pending on the speed with which the train travels through the curve, each curve has a
design speed. Nevertheless it is possible to travel with different speeds through the
curve, the result will be a residual acceleration force experienced by then-passe
ger/goods and uneven wear on the rails.

Transition curve

Straight section

v

Figure 3.2 Above The different geometric elements of the railway trackBelow. A sleeper with
cant in a curve, the left rail is the outer rail in the curve. The cant is denotedh (Andersson, o.a.,
2001).

The transition between straight track and track with cant constitutes of a ramp placed
in the transition curve on the outer rail. In the ramp, the cant is increasing with certain
steepness depending on the length of the ramp and target value of cateebness

is referred to as twist. Thevist accelerates the rail vehicle inta@ationand thee-

fore the railis subject to large forces from the rail vehicle whé@isdersson, o.a.,
2001)

8 CHALMERS, Civil and Environmental Engineering Ma st e 20263Thesi s



3.1.2 Track irregularities

Deviationsfrom the projected track geometry exceeding tolerated larelglefined

as track irregularitiegCorshammar, 2008yeeFigure 3.3. The projected or nominal
track geometry is the planned geometry of the railway track, referring both to
horizontatplane geometry and verticalignment in the crossection.

l

0 Track irregularity

| |

60
40
————————————————————————————————————— - Acceptable deviation

20

e e s e e e - =& - —— - —} Nominal track geometry

60 04 0 N 1 P 01 o

N
o

————————————————————————————————————— I Acceptable deviation

S
o

- 60 Track irregularity

- 80

Track geometry

-100

| I SRR ERFRENERERER AN I I
100 200 300 400 500 600 700 800 900 1000 m

Figure 3.3 lllustration of t rack irregularities. Thedashed and dottedine indicates thenominal
track geometry (Corshammar, 2008)

For a newly built track the tolerances for track irregularities are very low, only-a co
ple of millimetres. As the trainstart running on the track larger deviations will arise,
horizontally due to track movements and vertically due to crushing of the ballast
Track irregularities are important to maintain regularly, as the irregularities can be too
difficult and expensive to restore if they have beconoeetdensive, in which case a
larger reinvestment measure is necessary rather than simple maint@@emecerket,
1997)

3.1.3 Consequences of track irregularities

Track irregularities can be classified into different groups depending on thair exte
sion in length and type afregularity:.

The shortest irregularities, as referred tohe $tandards of the Swedish Transport
Administration are the isolated defed®anverket, 1997)An isolated defect is arsi

gle point value where the track deviation norms are exceeded and can concern cant,
twist or track gaug. Isolated defecimduce dynamidorcesin the vehiclewhich can
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causecomfort problemdor passengerd-urther, the repeated passage of trains over an
isolated defect can cause local extreme wear on the track, resulting in fatigue of rails,
fasteningsand sleepers and eventually causing fractures on the rails and thereby a
great risk of derailment. Due to the nature of the isolated defects they are often subject
of corrective maintenance.

Short wave irregularities are defined as irregularities with wewangth of 125 m,

here alignment and longitudinal level are sorted. The consequences of short-wave i
regularities are similaiotthose of the isolated defedtswever they rather createiv
brations of a couple of seconds thaducing dynamic forces

Long wave irregularities are defined as irregularities with a wave length exceeding 25
m (Banverket, 1997)These types of irregularities mainly cause problems at high
speeds, creating swaying movements of the wagons which gaa nausea for pa
sengers. Moreover, long wave irregularities can be difficult to defidttthe accele
ometers that aresedasmeasuring equipment

Track irregularities can increase the risk of sun kintsich isa phenomenowhen

the track gets buc&t. This is caused by length expansions in the track due to-a te
perature change. Welded track has no margins to expand, which induces large forces
in the sleepers at high temperatuaesl when the horizontal forces are too large the
track will buckle andcause a sun kinkseean example of this event irigure 3.4.
Whentrains arecrossing isolated defes;tcaused by track irregularities, it wiidue

large forces to the track, whidantriggersun kinks. Sun kinks arserious evestthat

can cause derailme(irafikverket, 2010)

Figure 3.4 lllustration of a sun kink.

There are several advantages witimimizing trackirregularities.By limiting the
forcesthat affect track due to isolated defectthe wearof severalrack components

is reducedandthe operation safefg increasedor the railway.This will have podive

longt erm ef fects and -sparcltrwdl als aeffect thencemfdrtfoma c k 6 s
passenger trains due to disturbing vibrations.

! Dan Cedergéardirack EngineerSwedish Transport Administratiomterview 201204-27
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3.2 Railway tamping

Railway @amping maintenance is conductedrestore track irregularitiesndis the
most common form of track maintenan@esveld, 2001) The following section will
describe the pross of railway tampingdifferent tamping vehicles and how tamping
is conducted today in Sweden

3.2.1 What is tamping?

Tampingcan be explained as compaction of the ballast in the railway track to increase
the supportive effect from the ballast on the sides of and under the sleepers. f+he tam
ing vehicle has gamping toolthat consistsof claws of picksthat areinserted in the
bdlast on each side of the sleeper after which the picks are vibrated, creating small
movements in the ballast b&dich adjusts the position d¢iie individual aggregates

to reduce cavities, sddgure 3.5. The other vital part of the tamping machine is the
lining tool, consisting of a gripping device with steel rolls tracking the rail. As the
tamping tool creates vibrations in the ballast bed, thegitonls adjust the position of

the rails, by which the whole track is straightened. Tracking wheels are collecting
geometric information to the dmoard measuring systerwhich arecontrolling the
gripping devices pulling the raiso thatthe correct hodontal and vertical positiois
restored Esveld, 2001)

Figure 3.5 Above:Principal sketch of tamping action. The tamping tool stops over a sleeper after
which the picks are pressed down in the ballast, vibrated and squeezed around the sleepBe-
low: The current position of the sleeper is adjusted horizontally and vertically so the correct pés
tion in the cross section is established

The control system of the tamping rhae commonly uses a threer four-point
measuring system for identifying the geomet(iysveld, 2001) The machinescan
have both mechanicabnd digital systems.Using the relation between measuring
points, consisting ogarlier mentioned tracking wheels, horizontal and verticaladevi
tions from aline intersecting the pointare identified The effectiveness of this ma
tice is depending othe length of the tamping vehicteeasuringoasis The greater
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the distance betwedhe measuring points, the better the accurkyure 3.6 below
illustrates the lining principle which can be described as smoothening, as the irreg
larities are evened out in relation to the existing geometry.

A Z

a=4m ‘ b=11m old
Lift height

Working direction —=

Figure 3.6 lllustration of how the tamping vehicle smoothens out irregularities. A Theur8207
commonly used tamping vehicle, has a meagunasis of a =4 m and b = 11(&sveld, 2001)

The lining principle of smoothening is not equally efficient when it comes to track
irregularities with larger deviations from the projected geometry. As a result of many
subsequent smoothing tamping actions, the railway track can be centimetres out of
postion on longersectiong Corshammar, 2006)

To avoid this problem, coordinate controlled railway tamping can be conducted, either
restoring the track to its projected line or creating an adapted optimal geometry from
the exising one. Another type of tamping is facilitated by laser measurements from a
probe vehicle driving in front of the tamping vehicle, creating a longer measuring

basis for the vehiclé&Esveld, 2001)

3.2.2 Different types of tamping machines

Though most tamping machines operate in a way similar to the one described above,

there are some differences. Tamping machines can be subdivided depending on their
progression speed which is mainly affectert
equippe with and thereby how many sleepers can be tamped simultaneously. In the

table belowable 3.1, a few examples of tamping machines are listed withieeor

sponding working speedsd the picture ifrigure3.7 shows an example of a tamping

machine

12 CHALMERS, Civil and Environmental Engineering Ma st e 20263Thesi s



Table 3.1 Examples of different tamping machines witlcorresponding work speeds Edited:
(Matisa, 2012)(Esveld, 2001)

Model Type Maximum working speed
Matisa B2075 Single sleeper, intermittent 500 m/h

Matisa B45D Double sleeper, intermittent 1200 m/h

Plasser & Theurer 632 CSM Double sleepergontinuous 1600 m/h

Plasser & Theurer 63X Triple sleeper, continuous 2200 m/h

Further, the machines can be divid#gpendingon whether they are continuous- a

tion tamping machines or intermittent action tamping machines. A machine operating
intermittently is tamping a group of sleepers, moving along for a couple of meters and
then stopping to perform tamping on the next group of sleepers, resulting in an irreg
lar running pattern which can be a problem of the working environment forahe m
chine operators. The continuous action tamping machine on the other hand is
equipped with a tamping trolley under the machine itself, so the trolley can move i
termittently while the maghe itself has a constant speed

- %

'(

3

=== == o
‘ﬁ —_— — S T — \ — S

NG A ’
SPR21548

Figure 3.7 Tamping vehicle in operationbetween Goteborg and Trollhattan. The vehicle is a
Matisa B40D with double sleeper tamping tools and intermittent working pattern.

There are also special tamping machines for switches and crossings, equipped with
displaceable tamping claws to enable movement of the tamping tools to the exact
point to be tamped, as normal tamping machines can only operate on line sections.
For minor iregularities tamping can also be performed by tractors and excavators
equipped with tamping tool&sveld, 2001)

3.2.3 Tamping in practise

Tampingin Swederhas to be carried out according to the rules and limit values fo
mulated n the regulations of the Swedish Transport Administration. Most relevant of
these regulations is tretandardBVF 587.02, stating the limit values for residual i
regularities after exaited tamping.
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According to Hansen different documerst provide valual® information for the
tamping crewduring operation The list of ordered tamping units is essenéat
givesinformation of at what length section to start and stop tamptinig.ordered by

the tamping planner, who in some contracts istletenance nreagerof the Swed-

ish Transport Administratiomhile in other cases is an employee of the contractor.
What further is important is a valid time plan for the planned working shift, where the
operators can see planned passages for other trains and by kisfenshe crew to
move the tamping machine in sufficient time to anlwfinching side traclkA curva-

ture card is yet another document giving valuable information. The curvature card is a
simplified map of the railway route, stating start and end péontdifferent geome

rical elements. Due to the fact that the tamping machine is bound to the track and only
can move forward or back, such a kind of simplified map is in most cases sufficient.

When the tamping order is executed this shall be reportedgthrihe information
system BIS, along with information on deviations from the original order. This is
done to make the information available for folloyg and planning of new tamping
measure¢Banverket, 2004)

3.3 Measuring methodand evaluation of track irregularities

In order to keep a safe track geometry quality on the railway it is important to perform
continuously measurements. Track geometry quality can be measured manually (un
loaded) e.g. during maintenance work or with artomated track recording car
(loaded), which will be in focus in thisection The measuring results are presented
graphically and in a list format. This information is used to identify critical parts of a
railway link and to evaluate what type of meastivat should be taken e.qg. if it is
critical deviations that requires immediate measure or if it can be adjusted during the
next planned maintenance work. This is used as a basis for theetomgreventive
maintenance plan and to control its effect. Thkes and restrictions for controlling
track geometry quality are stated in BVF 587(Banverket, 1997)

3.3.1 Measuring track geometry quality

Track geometry quality measurements are performed continuously during the year
and therecommended intervals are to measure about five times per year. There are
two types of recording cars that are used to measure track geometry quality in Sweden
today, in total one STRIX car and three IMV100 cars. The STRIX car is the ohost a
vanced and wilbe further described.

The STRIXcar is originally a café wagon RB5 from 1940 that was rebuilt 1973 to

measure overhead lines. In 1998 it was rebuilt again and equipped with adnore a

vanced measuring system that is still used todayk-ggee 3.8. This system is based

on an accelerometer and optical instruments that measudevtesions oflongitud-

nal level. Further, alignment for each railismeased fr om t he wagonds
reference point. The system registers data four times per meter. The -8aiR&ls0o

measures the rail profile and overhead line. In the back of the car there is aevideo r

corder that runs continuously and films the surrangsle.g. to see stations and @eg
tation(Banverket, 1997)

2 Jack Hansen, Project leader, Swedish Transport Administration. Interviewd2@m2
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Figure 3.8 Pictures of the recording car STRIXThe picture to the right shows the measuring
equipment.

The outcomes from STRIXneasurements regarding track geometry quality are used

in a system to generate numerical characteristics of the track. There are several types
of errors that affect the track geometry quality and these parameters are used to ide
tify both isolated defects and combined errors. Signals from the recording car are
sorted with a filter with different wavelengths and then presented as characteristics
that describe the track geometry quajBanverket, 1997)

Longtudinal level deviations can affect a train in two different ways. If one rail is
higher than the other it will generater@ating movement in the wagoand if the
heightsdeviations areequalfor both rails it will generate a rolling movement in the
wago n 6 s di r e ertori niodesare desceiledy the shortwave longitudinal

level of right and left rail anty the mean value of both ra#s longwavelongitud-

nal level The cant is calculated with a gyroscope in the recording car that measures
theangle between the ground and wagon. This value is differentiated to give the twist
over 3 or 6 m basi@anverket, 1997)

Isolated defects are categorized in terms of clasBAand Gfaults. Class Afaults
describes the aled limits for a new build track and the limits in class B should be a
limit for when measures should be taken. Clagsuls are serious events that can
cause derailment and should be fixed as soon as possible and depending sn seriou
ness speed reducti@m total stop for trains should be considered. The limits for A, B
and Gf aults depends on a trackés quality cl
K2,...,K5 andrefer tothe highest allowed speed on the track, where KO is allows the
highest speeds. It is optimal that deviations never reach class B in the fir@aase
verket, 1997) An example of the limits for longitudinal levelsiiistrated in Figure

3.9, the red circle marks the-fault limits for short wave alignmertteviations e.g.
deviations larger than 5 mm for a KO quality class is classified@&ult.
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Avvikelse fran grundvirde (mm)

Sidolage Sparvidd
Kvalitets- sth sth
klass loktag snabbtag Kortvagiga fel Langvagiga Avvikelse fran nominellt

km/tim km/tim 1-25 m vaglangd fel virde 1435 mm
(riktvarden)

A| B j/c\\ A B A B C
KO0 145 - 185 - 2 3 5 ) 5 10 2 =5 +15,-5
K1 125 - 140 160 - 180 2 - \6/ 5 10 =2 +7.-5 +20.-5

Figure 3.9 Extract fromthe BVF587.02standard The circled columns stating thelimit value for
track irregularitiesn mm,denoted as €aults.

The track geometry quality over a longkstance can be described numerically vaith
quality coefficient, Qualue.lt is based on standard deviations for alignment @Ad i
teraction between longitudinal level and cant. Standard deviation is a cowsnyarf
describing track irregularitiem Europeand it describes how the deviatiomver a
certaindistan@. The standard deviations amalculated continuously over a distance

of 200 m. TheQ-value is calculated by using the following equati@@anverket,
1997)

O puUTPpMIT— (2 o
Where: Q Q-value []
O Mean standard deviation for longitudinal level
0 s Mean standard deviation for interaction
Uugr  Comfort limits for fordy
Usgr  Comfort limits for forls

Theintervalfor Q used in practisé set to 0<Q<120 but it has a theoretically max
mum of 150. A high &alue indicates a good quality of the track. Notice that-inte
acted deviation(ls has a larger impact on thev@lue than the longitudinal levél..
Recommended Qalues depends on the gitxaklass of a trac and is shown together
with a predicted degradation Trable3.2 Recommended @alue depending on gla
ity class and predicted degradation (Q/yeaaple3.2.
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Table 3.2 Recommended Qvalue depending on quality class and predicted degradation
(Qlyear). (Banverket, 2004)

Quality class Recommended @alue Predicted degradation (Q/year)
KO 80 4-8
K1 80 4-8
K2 75 3-6
K3 75 3-6
K4 75 2-4
K5 75 2-4

Results from the recording car are currently presented in digital and analogue format.
The analogue version containstrack geometry quality diagranhere denoted as
TGQ diagram with a graphical illustration of the deviations and three documents:
valuationdiagram C-fault list and aquality list. TGQ-diagram is also presented in a
digital version, in the software Opima

3.3.2 Digital evaluation with Optram

The Optram software has been in us8wedish Transpo/dministration andormer
Banverket since 2008nd was delivered as an advanced tool for analysis of track and
overhead line measurements. It is provided by Berigstems and is also used by
the American Railway Company Amtrak. Optram is supposed to replace analogue
evaluation of measurements printed as Ril¥s. In the following section the mea
urements and tools used for planning of tamping will be descrilieel sectionis

based on interviews with Gripner and Spafnar

Track irregularities can be complex, not always depending on deviations in one of the
measured values but rather on the synergy of multiple deviations. Because of this, the
Optram standard intlxce compriseamultiple views simultaneously, to enalitkeni-

fication of irregularities incontinuousdata and discrete track elements.

The basic function of Optram is to show measured data parameters and how they are
related to the standards documeriteBVF 587.02 Track irregularities are plotted in
relation to acentreline describinghe nominaltrack geometry The yaxis describes

the magnitude of the irregularities and thaxis states the position of each irregula

ity (km + m), sed-igure3.10.

Measurements are available for the entire Swedish railway net and can be displayed
by selection of rail link and length section. For example, a rail sectase toAl-
ingsascan be found byhoosing link622, km 412 + 400 m. The navigation bar is
displayed inFigure3.10, area (a.). From the current view, navigation along thgis

is performed usinghe arrow buttons in the tool field. Zooming buttons, placed left of
navigation arrows, can be used to adjust the scale of thieyxaxis. Area (b) inFig-

ure 3.10 illustrates facility data from BIS with information about e.g. were stations,
crossings andhsulation joints are positionecome of the data displayed is relatively

% Interview with Simon Gripner 201@2-27 and Jan Spannar 2002-28. Engineers within the Optram
management group, Swedish Transport Administration
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raw while other data is calculated. An example of calculated data isvh&®of the
tradk, which is important interpret the complex data supplied from the measurements
seeFigure3.10, and curvec.).

The track irregularities are effects of horizontahdh verticaldeviationsof the track
which is the most basic data displayed in the Optram user interface. The horizontal
and verticaldeviationsare showd as two sets of curves, each set containing three
curves, sed-igure 3.10, curves (d.) and (g.) respectively. Each set comprises di
placement of the right rail, left rail and a mean value of both.

Unevenchanges in horizontal and nieal position can cause twisthe twist of the
track is displayed irfFigure 3.10, curve (e.). Curves and transition curves are more
sensitive tawist irregularitiesthan straight sections and théore it is of great impe
tance to connect thigvist irregularities to the track geometry. Curves (f.) in the same
figure shows cant and curvature.

Information on the track gauge is important for maintaining atsaf¥, sincedevia-

tions can cause demaient. Track gauge irregularities can be caused by displacement
of the rail on the sleeper but also by wear on theFaure3.10 curve (h.) shows the
track gauge.

Apart from measurements regarding the track, earlier performed mainteszeae

tionsis alsoimportant information for maintenance planning. Certain sections have to

be tamped more often than others and in some sections tamping has marginal effect to

thest ate of the track. I n the view ASp-rrikt
earlier tamping measuresedisplayed, se€igure3.10, curve (i.).
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Figure 3.10 The Optram user interface with default settings.
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For most railway links, measurements are performed several times a year. As a result
of this, multiple measurements for each link are accessible and can be displayed one
at a time or layered on top of each other in the Optram view window. By comparing
seveal measurementslegradation trends can be shown as well as effectiveness of
maintenance measurdsgure 3.11 below shows thelegradatiortrend inform of Q-

value.
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Figure 3.11 The trend analysis view setting, exemplified on @alue. Measurements from August
2010 (red), June 2011(green) and December 2011 (blue) are displayed. In the view aboyzevi-
oustamping measures are displaye@nd denoted with the date

3.3.3 Analogue evaluaton with PDF-diagram and lists

Analogue evaluation documenits PDFformat are sent to the&Swedish Transport
Administrationand if necessary to the contractor. These documentsistoh two
diagrams; ondrack geometry quality diagramnd one valuation dggam Further,

two documents in list fornguality list and CGfault list are includedThe track geor-

try quality diagram is the original layout that the Optram view is based on and the
illustrations are similarsee Appendix IlHowever, therack geometr quality dia-

gram does not provide Qalue or information about previous tamping detailed
facility information(Banverket, 1997)

The valuation diagram shows graphically the standardatiens for longitudinal
level, alignment and combined errors. It also illustrates the curvatukgl@@, B and
C-faults, track gaugerrorsand other information about thiene for measuremest
and distancemeasuredsee Appendix IlIThequality list is a summary of the msa
urements irtable form. It presents the amount ofdhd Gfaultsand trackerrors per
kilometre together with standard deviations and declaratidgheomeanQ-value be-
tweenstatiors and for the whole linksee Appendix IVFinally, the Gfault list can-
tains lengthposition of all isolated defects that are classified ate@ations and e+
railmenturgent failts and are marked with bold text. This document is useful for
planning corrective maintenan(@anverket, 1997)

3.4 Tamping in a maintenance contract

Tamping isnormally conducted as a part of larger railway maintenance contract that
also covers other areas for example change of sleepers or replacement of rails. The
procurenent is set up by a national boaadd is normally limited geograpally by
different corridors. Sincéhe Swedish Transport Administratiomas developed, the
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relationship between contractor and client has changed from a regulated market to an
open market with defined roleSwedish Transport Administratidmes set up goal

for the maintenance business to develop and define the role as client even more and
one part of this is evaluatirthe project delivery methods.

3.4.1 Project delivery method

Railway maintenance is normally performeddne of the followingtwo different
project delivery methods: traditional contraatd performancebased contract. The
main difference is that a traditional contracrmally offers specific unit prices while
a performancdased contract is based on maintaining a function.

In traditional cotracts the client has full responsibility for designing the maintenance
operationsand presents a work description on which the contractor can give a price
for each unit in the tender. The design part can be supported by external consultants
and should fdlow AMA, a reference system for the building industry. A technical
description is a basis for the construction design and defines which materials and
methods that should hesed by the contractor

The client ds r-bdsed cantract & sn@leandfallowsmaome creati

ity for the contractor to plan their work. An inspection is made before the contract
starts by the contractor to evaluate the present standard and functitmkodrafacil-

ity. The contractor will then give a tender with a prior maintaining the same dua

ity of thislink or facility by the end of the contract andaatnualcontrols. This means
that the contractor shouldcludeboth preventive and corrective maintenance dosts
their tender

There is a longerm goal at theéSwedish Transport Administratioto convert all
mainterance contracts into performanibasedones The purpose is to udbe con-
tractor 6s knowl am deave avardhe ssppnsibility don glaning
operationsBY letting the contractor plangeurces in anorefree way itcouldlead to

a more cost efficient work. Today, the perfameebased contrastareused for about
half of the railway maintenance contracts in Swéden

3.4.2 Preventive and corrective maintenance

For railway maintenance, the caait is divided in two main subjects, operation and
maintenance, sdeigure3.12 Oper ati on involves services
ryday functionlike snow clearing and leaves cleap, while maintenance are nea

ures that should retain or restore an object in order to maximize its lifetime.eMaint
nance is sub divided into preventive and corrective maintenance, where corrective
maintenance involves @asures against functional errors that should be fixed imamed
ately or within a week. Preventive maintenance, on the other hand, is performed in
order to decrease the probability for damage or degradation of an dltjeqtreve-

tive in turnis subdivided into conditionrbased and prdetermined maintenance.
Conditionbased maintenance involves control of the actual state and measures for the
object while predetermined maintenance is conducatdertainfixed time intervals
without a preceded inspectigBanverket, 2009)

* Tomas JohanssoNaintenance Engineer, Swedish Administratiortetview 201203-23
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Figure 3.12 Overview of the objects in a maintenance contracEdited(Banverket, 2009)

Tamping is performed as bofiteventive and corrective maintenance. In a perfor
ancebased contract the preventive part can be both condiised and pre
determinedExamples of corrective maintenance areasures againstolateddefects

that could be @aults, detected by a recorty car. Preventivenaintenanceare on
beforehand planned operatiocenducted in continuous intervaks.g. tamping during
workweeks The function demand regarding tamping is based on maintaining an ave
age Qvalue on a certain link or between stationst Exampleif a link has an avwe

age Qvalue of 75 when the contract starts, the contractor takes the econagnical r
sponsibility for maintaining this value until the contract has ended. If the client wants
to raise the €alue at one part of the link thehid can be managed as an additional
part. It is up to the contractor to plan its own work and choose methods to maintain
the fungtion andhe contractois responsible for both corrective and preventivermai
tenanc

Fines and bonus can be used as arteament for the contractor keep a good track
quality and follow the functional demands. However, a good preventive maintenance
plan will minimize corrective measures, which is an expensive andciomguming

work for a contractoiin a performancdédased contragiohansson, 2012)

3.5 Tamping maintenance process

The tamping maintenance process could be illustrated as planning, maintenance,
measurements and folleup componentseeFigure 3.14.This sectionwill describe
how the planning and followp is regulated and conducted.

*Tomas JohanssoMaintenance EngineeSwedish Administrationinterview 201203-23
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Figure 3.13 lllustration of how the tamping maintenance process could be visualized.

However, the planning and folleup phass of tamping maintenancare not strictly
regulated by the Swedish Transport Administrationly the goals that should be
achieved in this process. As a result of this, there can be differences in the process,
depending on what region the rail link is ltad and how the process is regathin

the maintenance contract.

3.5.1 Planning

Planningof tamping maintenance is conducted by the client in a traditional contract
and by the contractor in a performasiz@sed contracalthough the principles should
coincide.Corrective tamping maintenance is special cases were the demand is set by
regulations in thestandard. If the recording car reports af@ult or afault with risk

for derailmentmeasures has to be taken immediatélg.the other hand,reventive
tampingshould beplanned on beforband. There armainly two aspects to consider

in the planning; evaluation of measurements and applying for possession time i.e. to

acquire time for ma-dable. enance in the | inkds

The method and results of track geometrgasurements are describedsiection3.3

and the evaluation is regulated with recommendations im#reuals andgtandarg,

stated by the Swedisfransport AdministrationHowever, the interpretation of these
results can be arbitrary depending on the maintenance engineer and his experience of
evaluating TG®@diagrams.The process of prognosticating tamping effects is not
clearly regulated in the maals. There is only one guiding formulationthe tamping

manua) saying thafi B e f aofinaé¢ decision is taken regarding tamping, an asses

me nt has to be made whet her t (Banperkatg all
2004)

Availability of possession timand tamping machindgs necessaryo consider in the
planning process of tampingossession timean be reerved in the tim¢able with

two different systems, BAP and BUP, abbre
workplandbo and Arail road usage plano. The f or me

18 months before planned maintenanperation while the ldter is a tool for filling

in available hoursset8 weeks beforéhe planned maintenanagerdion. This means

tha if the possessiotime can be reserved BAP it will enablelonger disposable
time for maintenance operatignshile time reserva in BUP more likely generate
shorter disposable times and only enallesrtterm planningoperations The posss

bility to reserve tamping machines is highly depending on the length of the planning
horizon, so whether the tamping is planned in BAP or BUP will have impact also on
tamping machine availability

® Tomas JohanssoMaintenance Engineer, Swedish Administratiorietview 201203-23
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Available budget is another factor that will affect the amount optagnkilometres
that can be conducted.

3.5.2 Follow-up

The guidance provided for followp routines after tamping given in the followng

extract from theSwedish Transport Administrationanuaj 0 |ig important to verify

[ é] whet her expected results are reached
that case when, recurring irregularities may arise. The immediate resultsrof pe
formed tamping can be followed up by mechanized track monitoring, cieddd-

rectly in relation to the tamping Banverket, 2004)

There are no other cleanutines formulated in the manuail how follow-up should

be conductedo evaluatethe effect on the track geometry qualijowever, therare
economical followup after a performed tamping operation. In traditional contracts, it
is common to evaluate a performed operatbrthe next measurement with theer
cording carlt is then possible to see the effect in a F@i@yram e.g. by evaluating

the Qvalue or by comparing thguality lists. Performancébased contracts, on the
other hand, have clear regulations stated in the contract i.e. to maintain a certain Q
value for a link or between stations. This is controleduallyand in the end ofhe
contract.
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4 Results

This chapter will present results fnothe interviews. The first sectiomill describe

the selected issues that Optram has a potential to improve, within the tampirg maint
nanceprocess The seconadectionwill describeo pi ni ons about s-Optr amd:
ability and finally, the thirdsectionwill presentdesires ohewfunctions that has been

expressed during the interviews. Since the interviews are conducted anolyymous

there will not be any referencés the interviewed persons this text. Some quat

tions are inserted in the text to exemplify the contexwever;these will only be &-

ferred with intervieweeds title.

4.1 Improvement potential in the tamping process

The general opinion about the presarhping process is positive among the rinte
view persons. Most of them claim that they are satisfied with the track geomdtry qua
ity with respect to the given circumstances on their respective link. However, there is
apotential for improvements.

4.1.1 Lack of long-term strategy

There is a broad consensus among the interviewees that-eetangtrategy is nese

sary for planning tamping operations. Only working with corrective tamping evill r
sult in losing control of the track quality as failures arise in a taokgpace. Some
interviewees state that they are not familiar with a specific ldagn strategy for
planning tamping operations. In a discussiornthe knowledge about steering dec
ments ther@aresome interviewesthat claim they are not that versedtwihe context

in BVF and BVH as they should be. However, most of the interviswae describe

the times during a year when they conduct tamping, whether it is a corrective or pr
ventive tamping operation and what measurements that should be analysed to pl
these operations. One interview person e.g. claims that the strategy used is the one
that is stated in the contract i.e. to maintain a meaalQe.

Awel |, the strategy is pr offfiathel y just t hat
demands in formof @aluen t he contract. I dondét think
ot her s Mairdenanae ynariagewithin the Swedish Transport

Administration

Another person describes that they do not have a special strategy for operapng tam
ing but that there is an ongoing discussion altamping whole links at continuous
intervals e.g. every third year. An alternative could be to tamp e.g. a third of the link
every year instead. This issue will be further discuss&dation4.14 .

There have been discussions about coordinating different maintenance measures and
the efficiency of each measure. One interviewee states that there are problems with
coordination of maintenance opgoas. This person describes that when tamping is
conducted it is often preferable to perform other maintenance operations before, for
example exchange of sleepers as this results in a new demand for tamping. Further, it
is described that they have workweeavhere different kind of maintenance operations

is performedsuch as replacement of rails or change of switches.

When questioned regarding the effectiveness of tamping some interviewees are of the
opinion that tamping sometimes is performed at pladesrevit has limited effect

since the actual problem is something else. The opportunity to suggest alternative and
sometimes more extensive measusegarying, depending on what costs are assoc
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ated and the importance of the rail link. One of the intere@siclaims that there are
insufficient tools for analyisig whether tamping will be effective or not.

4.1.2 Low margin in tenders

Railway tamping is not considered to &egery profitable business for a contractor. It
has been discussed that the contractor imadl snargins in their budget, which makes
them vulnerable for varying material costs since the contracts times are five years
long. One interviewee claims that contractors framoadhave been surprised by low
tenders here in Sweden.

Another interviewegoints out that the profit becomes low for contractors if they do
not manage to prioritize preventive measures in perforrabased contracts. One of

the economical incitements in this type of contract is to conduct preventiveemaint
nance in order to miniree costs for corrective measures, which are expensive. It is
crucial for the client to be strict on these economical questions e.g. not paying-for co
rective maintenance in order to maintain the power of this incitement. This is claimed
to be a thresholtbr transitions from traditional to performanbased contractsboth

for the client and the contractor.

il f we could describe our facility better
we want to solve, then | think we could have better possibilities-to i

creasethe Qv a | uMaintenance managewithin the Swedish Tras-

port Administration

The responsibility for planning tamping sections alternates depending on the contract
form. Some of the interviewees are of the opinion that this division is not alwlays fo
lowed, that theSwedish Transport Administrati@ometimes suggest a plan for f&m

ing even though it lies under the responsibility of the contractor. According to the
interviewee, this might undermine the division of responsibility in the contract. The
reasonthat the agreed division is not followed can sometimes be that the contractor
feels in need of help to identify sections for tamping or thahthmtenance manager

of theSwedish Transport Administratiomants to ensure that tamping is carried out at
thecorrect places.

4.1.3 Limitations with mean Qvalue

There haveébeendiscussions about the use ofv@ue in contracts. One issue is the
distance ovewhich the Qvalue is calculatedSome contract uses a mean value for
the whole link. This has lead to that section with a lowalue can be compensated
with a similar length section with a highn@lue. Since it is the mean@@lue that is
the condition in the contract, the contractlmes not have to take measures for the
low-quality section.

Due to this issue, one interviewee asks for more control to conduct preventpre tam
ing maintenance in the contract and claims that maintaining an averagieewith
these conditions may inhibgreventive maintenance. The goal is to maintain a good
track geometry quality, not just a good meawvdlue. However, another interviewee
explains that they have now divided the link, over which the meaal@ is based
on, into smaller sections. In thigy, sections with a low mean@lue will be easier

to detect and set a functional demand for.

AHonest! vy, | et 6s s ay-vaiud of Y0omalihkhkve a demand
then the contr act ovalueddldldd ®f comraenyou t 0 have a (
wanttobeasdse t o 90 iadvmintgnansesmaradesithiri

the Swedish Transport Administration
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i Wh en we -valua aver a link) it could be so bad that sone di
tances were really bad but the contractor still managed to hold thee fun
tion by the mean value fadr h e wh o I Maintenanc& manager
within the Swedish Transport Administration

Another issue that has been discussed is that the mealu®in the contract isased

on an arbitrary judgemerdf the latest yeatamean values. One interviewee asks the
queston why thi particular limitis chosen and why it is not higher. The persast di
cusses the possibility to have a demand in the perforrtzaszsl contract to tamp a
certain length every year to ensure a better standard and quality. Further, this perso
discusses that the-Galue is a good tool to describe the function demand in perfor
ancebased contracts. However, this is not per automatic the best method for keeping
a high track geometry quality in the long run, to a low cost.

4.1.4 Difficult iesto acquire possession time

A critical parameter for planning tamping is to acquire possession time. This issue is
also pointed out by most of the interview persons as the main limiting factor moncer

ing efficiency in the whole tamping process. The main concern is to get consistent
possession times to get a high efficiency during one shift. One person claims that the
possession time can vary between an half an hour as worst, and seven hours in the
bestcase.The persoralso claims that the average efficiency for a shift is roughly
about two hours running time with respect to start and end time. The time it takes to
get a machine started on track and ready to tamp is estimated2® rhfutes for

each pssession time and about the same time to finish a work, i.e. gettingathe m
chine away from track.

The concept of continuous tamping is discussed during the interviews, by which is
meant to perform tamping uninterrupted on longer sections instead ohtasgieral

short sections. For example, 25% of the total track length could be tamped every four
years, meaning that the whole link would be tamped with a return time of four years.
Most of the interviewees are appealed by this concept, one of them steatirthis

would result in better economy and a better quality of the track. Another of them also
thinks that continuous tamping would result in a possibility to extend the tinre inte
vals between tamping measures. Some of the interviewees approve aficbptdmt

also stress that some sections would have to be tamped every year independently of
continuous tamping.

Planning time in BUP and BAP differs between the contracts. One line is a-single
track and requires total stop in traffic and the contractomalty applies for this in

the longterm planning system, BAP. However, some interviewee claims that their
applications are often turned down and instead they are offered shorter times that are
similar to the times they would be offered if they would apply8UP from the k-
ginning. This is a problem for the contractor since they also have to book machines
from another booking system a certain time in advance and these two systems should
coincide. Another interview person claims that the tamping possdssies are often
down-prioritized due to e.g. extra trains. This person also describes that the contractor
normally applyfor possession time in BUP to be able to plan other types of enaint
nance work in conjunction with tamping.

Another problem regarding A”-planning stated by one of the interviewees is the
forward planning. Since track geometry quality change in time and is normally
planned on basis of previous measurements within some weeks before the tamping
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action, it is difficult to evaluate which datces that should be tamped within the next

1,5 years. The availability of possession times depends on several parameters, e.g. it is
more difficult on heavy trafficked lines compared knaffic and it also depends on if

it is a single or a double track.

fiWe can not specify the projects, since we do not know exactly what
maintenance operations are necessary in 1,5 yg@ardvaintenance
managerwithin the Swedish Transport Administration

4.1.5 Lack of follow-up methods

As stated inSection4.1.1 none of the interviewee describes a clear strategy for
evaluating tamping operations regarding the planning or the results but some of them
can describe the mearements that are used to folloy the contract. Regarding
qualitative followup, one of the interviewees describes how the measurements that
are performed in the autumn are normally used to evaluate if the contractoi-has fu
filled the goals regarding ¢hQvalue. This evaluation is later presented at a meeting
with the contractor and client.

ANo, I cannot say that we hawe foll owed up
tion actually improves the alue... No we have never looked at it in

t h at -Mamtgnance maagerwithin the Swedish Transport Admin

stration

One interviewee claim$iat the followup method is only performed in an economical
point of view, ensuring that the ordered tamping sections have been delgrtvht
no analysis is performed on whetlbe desired effects are achieved. Anotherrinte
viewee expresses confidence that Optram will offer a simple method for fofow
but has not yet the knowledge of how this follaw is performed.

4.2 Present state description of Optram

This sectionwill descibe some obstacles in Optram that have been expressed by the
interviewed persons regarding usability and the educational possibilities that have
been offered the interviewed persons.

4210ptrambébs current wusability

Usability for sof tExeattoewhichamrodoct cadlefusethleyd as F
specified users to achieve specified godlsternational standard, 1998his can be
measured with parameters that describe effectiveness, efficiency and satisfaction.

A common explanation why the interview persons do not use Optram is because of
lack of knowledge and experience from the program. The users are accustomed to the
old system and describe the transition as a threshold. OneugddRvith some»e
perience of Opam prefers PDF in the present situation since no settingstbde
performed; it is just ready to use. One of the interviewees states that the edata pr
sented in Optram is too complex for a new user to understand. The result of this can
be that the usas reluctant to use Optram and rather lets someone with mora-exper
ence perform the task.

nwel |, those anal ogue diagrams are more c
Optram to adjust the settings to the way | want it. There (iatadogue

diagrams) youwillgt t he ri ght scal eisMam-nd everythini
tenance managdrom a contractor
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One interviewee has experienced problems with print settings. The person claims that
there are toanany steps to get the same format and scale as for the analague di
grams which they are most familiar with. Further on, the more functions you add to
the diagram the more difficult it is to make a good printout. Another comment is that
the colours in Optram are too sharp and glitzy.

Some of the interviewees are asking fordiions in Optram that are already dvai

able. An example of this is the trend analysis function, which can be used to identify
sections with great changes. Some of those asking for the available functions are
aware that they already exist but are callingsimpler functions.

4.2.2 Education possibilities

On the question whether the interview persons has been given education for Optram,

there are some uncertain answers. Some claim that they have been offered education

but then cancelled and other claims thaythave been informed about Optram when

it was released but then nothing has happened. Another person is still waiting-for ed
cation and thaODpt r am shoul d be fAready to useo and
introduction course but claims that their contoatas not been given any courses but

has learned some functions their own. A more aggressive promotion for Optram i

requested and one interviewee questioned the strategy to release a program while it

was not complete and still had several bugs. Tig$ impression of an unfinished

program makes the users wait to use it until it is finished.

il 6ve got some information about this (0Op
this project had started and that 1is the
have opened the pgor am mysel f a n dMaintenaneed t o use it.

manageiwithin the Swedish Transport Administration

One interviewee says that it is important that ttentenance managent Swedish
Transport Administration and the contractors are given an adequate edumftre

the analogue system is shut down. It is also crucial to support the contractor so that
they have someone to call in case they have problems with Optram.

4.3 Desired functions in Optram

The hopes for Optram to be a useful tool for planning tampitigracin the future

are high. Planning tamping sections is a tenasuming operation and the biggest
hope among the interview persons is that Optram should be able to suggest such a
plan by itself. This section will describe some desired functions amehsisor p-

tram that has been expressed during the interviews.

The most common hope for Optram has been that it can recommend the user which
sections that should be tamped on a line by just pressing a button on the keyboard.
Denmark has for example devpta a system for analysing track geometry quality
measurements from a recording car that can give suggestions of were tamping should
be conducted.

It is not so easy to decide which sections that shbeltamped. Or, |
mean, it is easy to pick out sections, but the queiiamat is best for
the track geometry quality?Maintenance managewithin the Swedish
Transport Administration

Other suggestions are that Optram should describe the demand ofgamibi@ same
way as BIS works; there you can get-pedined reports by choosing a certain link.
Further, there is a desire to see a continuous degradation rateatie) This is d-
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scribed to be useful for loAgrm planning but also to evaluate whaieefs single
tamping operations could has for the track geometry quality.

There have been discussions about asking Optrardgfireed questions about which
operations that should be conducted to increase thal@@ with for example five

units over a cedtn link. The program should then give a proposal about wheg tam

ing should be performed to manage this and also give rough cost estimations. This
type of function could be timsaving instead of going through kilometre by kilometre
manually and the cogstimation can give a quick hint about the price level of such
operations.

Ail't would be interesting to choose a | ink
measures that should be done to e.g. reaelalQe 90 if | have 850t

d a y- Maintenance managewithin theSwedish Transport Administr

tion

Another suggestion is the other way around, that Optram should suggest tapiping o
erations based on a certain amount of budget. It should then make a proposal based on
a given budget, which is often a situation in the tgadibout how this money can be
spent in the most cosfficient way. It will then give suggestions for the most prior

tized sections.
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