


Punktlighet for strekning

Oppdal (OPD) - Dombas (DOM)

Gjelder i perioden 1. juli 2012 til 1. juli 2013, for tog med avganger mellom 00:00

0g 23:30

Forsinket: 14.6 % \

Innstilt: 9.0 % -

hN

Before the new Valasjg crossing

Oppdal (OPD) - Dombas (DOM)

Endre

Gjelder i perioden 1. juli 2013 til 1. juli 2014, for tog med avganger mellom 00:00

0g 23:30

Forsinket: 13.6 % \

Innstilt: 4.6 % \

After the new Valasja crossing

| rute: 81.9%

I rute: 81.9%

In the above observation, it was observed that the departure punctuality at Oppdal before the

crossing was 76.4% and after the crossing the punctuality raised to 81.9%. So the overall

increase in the punctuality was 5.4%.

» Evaluation of punctuality from Precision tool

To measure the effect on punctuality due to new valasja crossing, the punctuality in Dombas

and Oppdal was observed. The trains passing from Dombas to Oppdal with the odd numbers

are observed to get the departure punctuality in the Dombas Station, whereas the trains with

the even numbers are the trains passing from Oppdal to Dombas are used to measure the

departure punctuality at the Oppdal Station. The observation is done one year before and one

year after the execution of the project.

% The departure punctuality at Dombas (DOM) Station:

The trains with the following trains’ numbers were observed from 2012 to 2014: 47, 405, 413,
425, 417, 433, 441, 449, 457, 5707, 1735, 12345, 5709, 5719, 5735, 5737, 5911, 5913, 5921,
5923, 5931 and 5933. In the observation it was calculated as the departure punctuality before

the Valasjg Crossing was 70%-75%, whereas the punctuality after the new crossing was

obtained to be 50%-55%. It means the punctuality of the Dombas station on the departure was
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reduced by 18% if we take the mean on above changes. The punctuality graph over the time
v

5 (Opened new
& & 3 E:

5 crossing from z
Dato June 2013)

period in Dombas Station was observed as:

Punctuality (%6)

|

Figure 37: Departure Punctuality at Dombas Station- Vaaasja Crossing

+«+ The departure Punctuality at Oppdal (OPD) Station:

The trains with the following passenger trains numbers were observed that passed from
Oppdal to Dombas between 2012 to 2014. The following train numbers were observed: 46,
406, 426, 414, 434, 442, 450, 418, 426, 5708, 5702, 12344, 1704, 5718,5730,5734, 5738,
5912,5932 and 5934. In the observation it was calculated the departure punctuality of the
trains in the Oppdal station. It was observed that before the new crossing the punctuality at
Dombas was 75%-80%, whereas the punctuality decreased to 70%-75% after the new Valasje

Crossings, where the average decrease is assumed to be by 7% The punctuality diagram for

0]

: S - 5 (Opened new,
g "_I 2 r—l crossing from
2l ) Dato June 2013)

the time periods over the station is shown as:

Punctuality (%)

Before the crossings After the crossings

Figure 38: Departure Punctuality in Oppdal Station over 2012-2014
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The punctuality results from the Precision tool is taken into the further evaluation as the

results being relatively more precise.
4.3.3.3 Travel Time and Standard Deviation

To measure the travel time and the standard deviation, the train number 406 was taken as the
observed train. The observation time was one year before and one year after the execution of
the new crossing track between Oppdal and Dombas Station. The consideration was made for
the individual trains, the increasing number of trains when plotted gave the line format. It
was assumed that all the trains passing through the route have similar nature of travel time
and Standard Deviation.

< Before the new Valasjg Crossing

From the evaluation of the travel time and standard deviation from the process control chart
before one year of the execution of the project, it was observed that the travel time from
Oppdal to Dombas was 1 hour 6 minutes and 43 seconds and the standard deviation was 9

minutes and 24 seconds. The detailed process chart is shown as:

For tognummer 486, fant: 411 togbevegelser

Gj. kjeretid: 4883.89 sekunder
Median kjeretid: 3896 sekunder

Std.av kjeretid: 564.59 sekunder

OPD-DCM (2012-01-01 - 2013-05-30. n=411. tognr=406)

I rute?
~» innenfor margin
~» forsinket avg

Kjoretid (s)

~» Gisnitt

Figure 39: Travel Time and Standard Deviation before new Valasjg Crossing between
2012-2013
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% After new Valasjg crossing

When the observation of the travel time between oppdal and Dombas after one year of the
execution of new crossing, it was observed that the travel time was 1 hour 9 minutes and 25
seconds, whereas the standard deviation was calculated as 8 minutes and 11 seconds. The

detailed process chart is shown as:

For tognummer 486, fant: 447 togbevegelser.

Gj. kjoretid: 4165.63 sekunder
Median kjeretid: 4079 sekunder
Std.av kjeretid: 491.83 sekunder

OPD-DOM (2013-08-01 - 2014-12-30, n=447, tognr=408)

I rute?

Kjeretid (s)
Y

-+ forsinketavg
~» Gisnitt

Figure 40: Travel Time and Atandaed Deviation after new Valasjg crossing between
2013-2014

So, it can be observed that the travel time from Oppdal to Dombas after the new valasjg
crossing has been increased by 2 minutes and 48 seconds whereas the standard deviation is

decreased by 1 minute 13 seconds.

4.3.4 Gevingasen Tunnel between Hommelvik and Hell

The evaluation of the effect of new tunnel between Hommelvik station and Hell station was
carried out by evaluating the following passenger trains numbers: 381, 382, 383, 384, 425,
426, 433, 434, 441, 442, 449, 450, 457, 471, 472, 475, 476, 477, 1702, 1761, 1760 and 1762
before one year and after the modification of the route. In this case, the evaluation is made
from January 2011to August 2012 as the new Gevingasen tunnel came into operation from
mid of August 2011.
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4.3.4.1 Status of Line Capacity

The measurement in the change in the volume of the train travelling through the stations was
carried out 2011 to 2013. As the project begins from 2009 and was completed in August
2011. Due to unviability of the data, the calculation is limited to before 8 months of the
execution of the Gevingasen tunnel and after one year of the operation of tunnel. While
talking the average of monthly 1050 trains travel through the route before the new tunnel. The
number of the trains is increased to 1160 per month after the execution of new tunnel. It
shows that the capacity of the railway track due to new tunnel is increased by 10%. The

change in the capacity of railway track is diagrammatized as:

Total Train numbers

SANAL S SN
Y \.\/

g

8

g

=l Total Train number

Number of Trains Passing the stations

200 Before Tunnel After Gevingasen Tunnel

T \ f T

| | | | ! | |
3 o & & & & 3 L o ¥ N N o o N & & ® IS R
; g § 9 ¢ S S S ¢ & @ P § 0 ¢

& '» L '» L L &

Date In Terms of Month and Year

Figure 41: Change in the Railway Capacity due to new Gevingasen tunnel over 2011-
2012

4.3.4.2 Status of Punctuality

The punctuality effect between Hommelvik and Hell station was evaluated by two
approaches:
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4.3.4.2.1.1 Punctuality measured from My

Jernbaneverket

train Punctuality application from

To evaluate the punctuality from this tool, the punctuality between Hommelvik and Hell was

measured. The train passing from Hommelvik to Hell gives the punctuality at departure in

Hommelvik whereas the trains passing from Hell to Hommelvik gives the punctuality of

departure at Hell station. The analysis was carried out between January 2011 to September

2012 as the new tunnel crossing between Hommelvik and Hell was introduced from August

2011.

+« Departure punctuality at Hommelvik (HMV) Station

Punktlighet for strekning

Hommelvik (HMV) - Hell (HEL) Endre

Gijelder i perioden 1. januar 2011 til 1. august 2011, for tog med avganger
mellom 00:00 og 23:30.

Forsinket: 13.3 % \
Innstilt: 2.6 % \

Trute: 84 2 %

Before the new Gevingasen tunnel

Punktlighet for strekning

Hommelvik (HMV) - Hell (HEL) Endre

Gjelder i perioden 1. august 2011 til 1. august 2012, for tog med avganger
mellom 00:00 og 23:30

Forsinket: 4.1 J
| rute: 94.3%
Innstilt: 1.5 % '—'__\‘

l\ I rute: 94.3 %

After the Gevingasen tunnel

From the above evaluation, it can be observed that the departure punctuality at Hommelvik

before the tunnel was 84.2% which was increased to 94.3% after the tunnel over 2011-2012.

+« Departure punctuality at Hell (HEL) station
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Punktlighet for strekning Punktlighet for strekning

Hell (HEL) - Hommelvik (HMV) Endre Hell (HEL) - Hommelvik (HMV)

Gjelder i perioden 1. januar 2011 til 1. august 2011, for tog med avganger

mellom 00:00 og 23:30. mellom 00:00 og 23:30.

Forsinket: 11.5 % \

Innstilt: 1.4 % \

Forsinket: 24.5 % -\

Innstilt: 3.0 % —

I rute: 72.5 %

I rute: §7.0 %

Gjelder i perioden 1. august 2011 til 1. august 2012, for tog med avganger

Before the new Gevingasen tunnel After the Gevingasen tunnel

From the above evaluation, it can be observed that the departure punctuality at hell station
was 72% before the tunnel which rises to 87% after the tunnel. So, th increase in punctuality
was by 15%.

4.3.4.2.1.2 Evaluation of the punctuality from Precision tool.

To measure the change in punctuality, the two stations preceding and succeeding the
Gevingasen tunnel was taken into observation. The stations are Hommelvik and Hell. In both
cases the departure punctuality in both the station is taken into consideration. The observation

is made one year before and one year after the execution of new Gevingasen tunnel.
» The departure punctuality at Hell (HEL)

The trains with the even numbers that passes from the Hell to Hommelvik were observed and
the punctuality of the departure at Hell Station was calculated. In the observation, it was
calculated as the average departure punctuality before Gevingasen tunnel was 70%-75%
whereas, the punctuality after the execution of the tunnel was obtained to be 85%-90%. It
shows that the punctuality of departure in the Hell station was increased by 15%. The level of

punctuality between the stations over the time period 2011-2012 is shown as:
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Punctuality (%)

_ _ (Opened new.
] tunnel from
Dato aygust 2011)

Figure 42: Departure Punctuality in Hell Station - Gevingasen Tunnel

+« Departure Punctuality at Hommelvik (HMV) Station:

The trains with the odd numbers that passes from Hommelvik to Hell are observed and the
departure punctuality at the Hommelvik Station was calculated. In the observation, it was
calculated the departure punctuality before the Gevingasen tunnel was 80%-85%, whereas,
the punctuality after the execution of the tunnel was obtained to be 90%-95%. This shows that
the punctuality was increased by 10% in the Hommelvik Station. The change in the level of
punctuality over the period of 2011-2012 in Hommelvik station is diagrammatized as:

f

3 If
B
5 i
e il é
b7y
ci
_:j duss
('
(Opened new,
tunnel from

Dalo August 2011)

Before the crossings After the crossings

Figure 43: Change in punctuality in Hommelvik Station over 2011-2012

Here from both the evaluations same result of departure punctuality at Hommelvik to be 10%
and of Hell to be 15% were obtained, that are further subjected to evaluation.
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4.3.4.3 Travel Time and Standard deviation

To measure the travel time and standard deviations between the Hell and Hommelvik Station
the train number 472 was observed. The observation was made over the period of 8 months
before and after the execution of the project. It was assumed that the multiple train numbers

also shows the almost same time frame.
> Before the Gevingasen tunnel

From the evaluation of the process control chart, the travel time calculated between the
Hommelvik and Hell station before the Gevingasen tunnel was 6 minutes and 25 seconds,
whereas the standard deviation was calculated as 47 seconds. The process control diagram
over the time period 2011-2011 between the stations before the new tunnel can be

diagrammatized as:

For tognummer 472, fant: 200 togbevegelser.

Gj. kjeretid: 372.12 sekunder
Median kjeretid: 37@ sekunder
Std.av kjeretid: 47.86 sekunder

HEL-HMV (2011-01-30 - 2011-08-30, n=200. tognr=472)

&

I rute?

-+ innenfor margin
~+ forsinket avg
= Gisnitt

Kjoretid (s)

Figure 44: Travel Time and Standard deviation between Hommelvik and hell between
2011-2012
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> After the Gevingasen tunnel

The travel time between Hommelvik and Hell when observed after one year of the execution
of Gevingasen tunnel found to be 3 minutes 33 seconds whereas the standard deviation was
reduced to 28 seconds. The nature of process control diagram that was observed on time

frame of 2011-2012 was diagrammatized as:

For tognummer 472, fant: 352 togbevegelser

Gj. kjeretid: 213.44 sekunder
Median kjeretid: 207 sekunder
Std.av kjeretid: 28.17 sekunder

HEL-HMV (2011-08-01 - 2012-08-30, n=352, tognr=472)

I rute?

~# innenfor margin
-+ forsinket avg
—- Gsnitt

Kjeretid (s)

Qetzon Jan 2012 :|-|L--\_' Jul2012
Dato

Figure 45: Travel Time and Standard deviation between Hommelvik and Hell over
2011-2012

It can be observed that the travel time between Hommelvik and Hell was reduced by 2
minutes and 53 seconds and the standard deviation was reduced by 19 seconds after the
execution of new Gevingasen tunnel. In the above diagrams of travel change and standard
deviations, the graph is the output of the individual train represented as the dotted points,

when the increasing number of dots gave the line format also.
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Summary of the results from the observations of four railway projects:

The results of the change in the evaluation indicator can be summarised as:

Results
Renewal Evaluation  Criteria Before the
Projects Change in P
J ( ge in) modificatio |After  the| Net change result
n modification
Line capacity 6500 6800 Increase by 5%
Punctuality at Station
Drammen (Arrival) |80 % 84 % Increase by 4%
Punctualityat
Double  Track _
Barkaker- ST e 20 %
0, 0
Tonsberg (Departure) 82 % Increase by 12%
Decreased by 3
Travel Time 4.5 minutes | 1,5 minutes |minutes
Decreased by 80
Standard Deviations |107 seconds |27 seconds |seconds
Line capacity 18000 17800 Decreased by 1%
Punctuality at
Hakadal (Departure) 95 % 92 % Decreased by 3%
Jensrud crossing | punctuality at Stryken
(Hakadal- (Departure) 97 % 95 % Decreased by 2%
Stryken)
Increased by 8
Travel Time 804 seconds | 812 seconds |seconds
Decreased by 15
Standard Deviations |68 seconds |53 seconds |seconds
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Line capacity

1310 1300 Decreased by 1%
Punctuality at Oppdal
(Departure) 72% 54% Decreased by 18%
Valisjs Punctuality at
. Dombas
crossing 80%
(Dombis- (Departure) 0 73% Decreased by 7%
Oppdal) 1 hour 6|1 hour 9| Increased by 2
minutes and | minutes and | minutes and 42
Travel Time 43 seconds |25 seconds |seconds
9 minutes |8 minutes 11 | Decreased by 1 minute
Standard Deviations |24 seconds |seconds 13 seconds
1050/mont
Line capacity h 1160/month | Increased by 10%
Punctuality at hell
(Departure) 72,5% 87% Increased by 14,5%
Gevingasen :
Punctuality at
tunnel ;
; Hommelvik
(Hommelvik-
(Departure) 84% 94% Increased by 10%
Hell)
6 minutes |3 minutes 33| Decreased by 2
Travel Time 25 seconds | seconds minutes 52 seconds
Decreased by 19
Standard Deviations | 47 seconds |28 seconds |seconds
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4.4 Analysis of the results

The quantitative results from the evaluation of the various indicators of evaluation
measurement are subjected to the analysis of the success through the radar plotting of each of
the evaluated indicators. The approach is mostly used in this thesis is more quantitative,
comparing the situation before to the situation after So, making an analogue with those
evaluation criteria with the criteria set up in the methodological part of thesis as described by

(Samset 2003), the radar is developed to evaluate the nature of the projects.

In analogue, in this thesis the evaluation criteria that are set up are the change in punctuality
in succeeding and preceding stations from the renewed regions, capacity of railway track,
change in travelling time between the stations, and the standard deviations in the route are
evaluated against each of the project.

Assumptions in the radar Analysis

s All the rational increase and decrease in the results comparing to the before and after
the situation are expressed in terms of the change percentage.

«+ The increase in line capacity and punctuality after the execution of project is marked
as the positive effect of the project, whereas the decrease in the values are marked as

the negative impact

X/
°

The decrease in the travel time and standard deviations of the travel time between the
two stations after the execution of new renewed projects are marked as the positive
impact, in contrary the increase in these quantities are marked as the negative impact

on the project

X/
L X4

The success of each of the project is evaluated on the basis of nature of the graph

obtained from the radar analysis.
4.4.1 Analysis of results in Double Track Barkaker- Tgnsberg

From the results obtained from the quantitative analysis of the evaluation indicators such as
the change in punctuality, the change in the line capacity, the change in the travel time and the
change in the standard deviation between Barkaker and Tensberg before one year and after
one year of double track execution (new double track from November 2011), the success of
the project from the perspective of those indicators can be evaluated through the analysis of

the following radar chart.
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Change in Percentage

== Change in Percentage

Change in Line Capacity
80%

4 ’1
Change in punctuality in

suceeding station

W

Change in travel Tirc&%

Change in standard Deviayi 89
in travel Time

preceding station

Figure 46: Radar Analysis of Changes in Double Track Barkaker and Tgnsberg

From Figure 46, it can be analyzed that in the new double track between Barkaker- Tensberg
in Vestfold railway line all the results of the evaluation indicators have positive impacts, as
comparing to the situation before the project, the line capacity and punctualities between the
stations have been raised significantly, in addition the travel time and the standard deviations
in travel time have been decreased. So, the renewed railway lime has shown positive attitude

towards the evaluation criteria.

4.4.2 Analysis of the results in new Jensrud Crossing:

The results obtained from the analysis of the evaluation criteria between hakadal and Stryken
station before one year and after one year of the execution of the new Jensrud Crossing ( new

crossing from June 2013) between those stations can be plotted in the radar diagram as:
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Change in Percentage

== Change in Percentage

Change in Line Capacity

25%
Change in punctuality in

20
< M \ suceeding station

N 09 ‘\
Y% E’i
W=
e
=
e
change in punctuality in

Change in travel Time

Change in standard Deviafi'tiq,/
in travel Time \

preceding station

Figure 47: Radar Analysis of Changes due to new Jensrud Crossing between hakadal-
Stryken

From the above Figure 47, it can be analysed that in the new Jensrud crossing between
Hakadal and Stryken in Gjevik Railway line, the indicators like the line capacity, the
punctualities in the stations after the Jensrud crossing have been decreased than before the
Jensrud crossing. This shows the negative attitude of the project toward these indicators. In
addition, the travel time between the station have also been increased, that reflects the
negative attitude of project, whereas the standard deviation in the travel time have been
reduced that means the most of the trains travel in the marginal limit, so positive standard

deviation reflect positive nature in the project.
4.4.3 Analysis of the results in new Valasjg Crossing:

The results obtained from the analysis of the evaluation criteria between Oppdal and Dombas
station before one year and after one year of the execution of the new Valasjg Crossing (new

crossing from June 2013) between those stations can be plotted in the radar diagram as:
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Change in Percentage

== Change in Percentage

Change in Line Capacity

Change .in standar.d Deviafﬁg%
in travel Time

Change in punctuality in
suceeding station

change in punctuality in
preceding station

Figure 48: Radar Analysis of Changes due to new Valasje Crossing between Oppdal and
Dombas

It can be observed from the above Figure 48 that the line capacity, punctualities in the stations
was decreased after the opening of Valasjg Crossing. This result shows that the attitude of the
project toward those indicators were negative. In addition there is the increase in the travel
time between the stations resulting the negative attitude towards the project from the
perspective of that indicator. But the decrease in the standard deviation in the travel time had

an positive impact of getting the most of the trains within the limits of travelling time.
4.4.4 Analysis of the results in Gevingasen Tunnel:

From the results obtained from the quantitative analysis of the evaluation indicators such as
the change in punctuality, the change in the line capacity, the change in the travel time and the
change in the standard deviation between Hommelvik and Hell which includes Gevingasen
tunnel in between before one year and after one year of new tunnel opening (new tunnel
from august 2011), the success of the project from the perspective of those indicators can be

evaluated through the analysis of the following radar chart.
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Change in Percentage

== Change in Percentage

Change in Line Capacity
40%

Change in punctuality in
suceeding station

Change in standard Deviatiop
in travel Time

Change in travel Time change in punctuality in
40% preceding station

Figure 49: Radar Analysis of Changes due to new Gevingasen tunnel between
Hommelvik and Hell

It can be observed from the above Figure 49 that the values of the indicators like the line
capacity, punctualities in the stations are increased after the opening of Gevingasen tunnel.
The increase in the values of that indicator indicates the positive attitude of the indicators
towards the project. In the mean-time, it was observed that there are the significant decrease
in the travel time and the standard deviation between the stations. This also expresses the

positive attitude of those indicators in this project.

% SUMMARY OF CHAPTER FOUR

In chapter four, four different renewed railway projects are evaluated. The evaluation was
based on the evaluation criteria that were set up in the literature review. The impacts on
punctuality, line capacity, travel time and standard before and after the renewal were
analyzed. The quantitative changes in the value of those evaluation criteria were further
projected into the radar graph to understand the nature of change in the individual project.
So, from this chapter by the use of the evaluation tool: My train application from
Jernbaneverket and Precision tool from PRESIS project, it was able to quantify the

changes in the evaluated criteria.
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CHAPTER FIVE

5 DISCUSSION

5.1 Suitability of tools:

In this report there were basically the two tools used to evaluate the effect of the renewed
railway project. The measurement and evaluation of the changing values of punctuality, the
line capacity (volumes of trains), travel time and standard deviation were done through
inputting the sets of data in those tools. The experiences, pros and cons of the tools during

using can be discussed as:
5.1.1 My train tool from Jernbaneverket

This tool was used to measure the punctuality of the different stations in different time frame.
The result was shown as in the form of percentages in the pie chart illustrating the punctuality
in line, delays and cancellation of trains. This tool was found to be simple, user friendly and
easier tool and can provide the general outlook of the nature of punctualities in the railway
lines. The tool was sophisticated with the predefined sets of digitally stored data. So, this tool
is more the result oriented. In addition, the positive side of the tool was the punctuality of the
trains can be obtained in different time zones of the day too, can be useful to find out the
punctuality in the busy hours and silent hours. In other hand the demerits of this tool was the
tool could not hold all the railway stations in Norway, still some of the stations were missed
and the tool could not detect those stations. This is not a real time system, but an opportunity
to apply for punctuality back in time. Not all railway stations have automatic detection of
punctuality data. This applies to stations and stops without technical installations that could
detect trains passages. Because of its result oriented nature it cannot be expected to get the
process and data used for the calculation from this tool, so it might be hard to identify the how
and when the improvement and diminishment of the punctuality that limits the chances of
further research from this tool. In addition, the tool can only be used to evaluate the
punctuality and others parameters of effect evaluation of train cannot be assessed from this

tool.
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In conclusion, this tool can be used for a instance and is not suitable for long term evaluation

or research on the measurement of punctuality in the railway lines.

5.1.2 Precision tool

This was the tool conceived and developed from the PRESIS project of SINTEF, NTNU. The
major purpose of this tool was to measure the precision level in the Norwegian Railway
system through the measurement and evaluation of the punctuality, line capacity and variation
in driving time along with developing the relationships between these parameters. This tool
also depends on the digitally recorded data from the train passages. In this thesis this tool was
massively used to evaluate the effect parameters of evaluations like punctuality, line capacity.

Travel time and standard deviations.
The experiences on using the Precision tool can be summarised as:
+» Better set of tool to evaluate the effect parameters:

Precision tool is composed of multiple numbers of sub tools that aid on evaluating the
different parameters relating to the railway line. This tool is capable to increase the
predictability in the railway system. The different types of sub tools assist to identify the
problems of delays, accidents and train cancellations. The tool is based on the data generated
after the execution of railway project. So, for ex- post evaluation of projects the results
generated from the tool can be used to measure the performance of new railway projects. Due
to the many sets of evaluating tools, Precision tool as a whole is a complete set of tool to
evaluate the evaluating parameters such as punctuality, line capacity, levels of crossings,
travel time and their deviations and to develop the relationships between these parameters.

+ Difficulties in using and understanding the tool:

This tool was a bit more complex to understand and use it in the evaluation processes. The
prior knowledge to use this tool is important to understand the tool. It was experienced that
the results however was based on the detailed process and graphs, changing scenario over
time, plotted individual nature of each trains, but still the outcomes or results are displayed in
the form of graphs that are difficult to extract the quantitative measures of the required values.
The further analysis on the graph depends upon the expertise of user to estimate the average
values from those graphs. In some extent this complexity on understanding the graphs can be

reduced on evaluating the characteristics of few number of trains over short term of period but
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the evaluation process as stated in literatures is better for longer time frame and multiple
number of trains that can aid to compare the results over the longer time to decide the further
objectives from the stakeholders. In addition while plotting the multiple number of trains in
same graph gives the result in the format of line that are joined, so the actual values is difficult

to estimate.
+ Requires the testing and adjustment of Precision tool:

The tool when it is about to come in the operations need to be tested and adjusted to evaluate
the required measures, that can be done through the manual evaluation of small sets of data as
the results obtained from the data can be compared with the results obtained from new set of
tool to test and adjust the tool (Andersen and Fagerhaug 2002). So, in this thesis it was tried to
compare the results of evaluation from the Precision tool with the results obtained from the
manual calculation of the data that was available for Double track between Barkaker and
Tensberg. It was obtained near about the same results, but still the testing of the new tool need
more comparisons with other sets of data to ensure the efficiency of the tool.

«» Utilities of the sub tools

In this thesis, all the sub tools of Precision tool are not completely used. The most used sub
tools were Precision meter, Heat map and Statistical Process Control. Those tools were used
to measure the punctuality over stations, volume of the trains (line capacity) and travel time
along with the standard deviations simultaneously, whereas the other tools like crossing plots,
route finders were not used more. So, in this type of the evaluation of the project in these sets
of evaluating parameters, it can be discussed as the tools like Precision meter, Heat Map and
Statistical Process Control had higher usages than the rest two sub tools. It might be possible
that Route Finder and Crossing Plot tool can be used for the evaluation of the nature of the
trains in their crossings, the change in the crossing accuracies etc. This thesis had not dealt
with the evaluations of those parameters, so had supposed the lower utility of those sub tools.

However the utilities of those tools can be made by further evaluating those parameters.

It can be concluded that the Precision tool is an effective tool to evaluate the punctuality, line
capacity (volume), travel time and standard deviation along the railway routes over the long
or short period of time that can generate the output in the forms of graph which can be used to
evaluate the nature of train but the need of required testing, need of prior knowledge limits the
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utilities of this tool. However this tool is new and gaining the maturities along with concise

development, so it can be expected that those limits might be eliminated.

The characteristics of two different tools that were used to evaluate the projects can be

compared as:

Tools

Advantages

Disadvantages

My train
tool from
Jernbanever
ket

Quantitative approach of
evaluations, can figure
out the exact figure of
evaluation.

Ease in handling and
understanding the tool.
Sophistically tested tool.
Results are not complex
even the time of

evaluation is longer.

Specific tool: just used for
evaluating punctuality, cannot be
used for more aspects of evaluation.
The result cannot be forecasted for
future.

Unable to recognize all the railway
station in Norway.

Depends on the data digitally
generated from stations based on

passing of train.

Precision

Tool

Number of sub tools,

more aspects of
evaluation including
punctuality.

Possibilities in forecasting
the results that can be
used for future researches.
Viable to most of the
railway  stations in
Norway.

Manually and digitally
registered data are used.

Qualitative and quantitative
approaches of tool, the results are
mostly based on estimation.
Difficult to handle and to
understand the tool.

New tool that requires more testing
to validate.

The estimation of results are
complex if the evaluation is done

within longer time period.

Table 3: Comparisons of the suitability of evaluation tools for railway projects.
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5.2 Results from Evaluation

5.2.1 Overall Results of the Evaluations in four different project

The summary of the results of changes in punctuality, line capacity, travel time and standard
deviations by the use of evaluation tools: My train tool and Precision tool in four different

railway renewal projects, the following radar chart can be obtained:

Change in Line
Capacity

Changein

Jensrud crossing

e \/3|3sj® crossing

change in
punctuality in
preceding station

dard Change in
.st_an .ar punctuality in = Gevingasen tunnel
Deviation in travel di .
Time suceeding station = Doubble Track Barkaker-Tgnsberg

Figure 50: Radar chart: Summary of the results

Above Figure 50 shows the overall results from the evaluation. Different pattern of the lobes
of the radar can be observed for the different projects. It can be discussed that the project
covering the more area in the radar with longer lobes can be marked as the most successful
project. According to the evaluation criteria set up in this thesis, the project having the most
significant percentage of the positive changes is marked as the successful project. According
to the above Figure 50 it was observed that the project the new double track between
Barkaker and Tgnsberg in Vestfold railway line was the most successful project among four
projects which had the largest area of lobes in the positive changes followed by Gevingasen
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Tunnel between Hommelvik and Hell in Northern railway line, Jensrud Crossing between
Hakadal and Stryken in Gjgvik railway line and Valasjg crossing beterrn Oppdal and

Dombas in Dovre railway line with least area of lobes in change in evaluation criteria.

The probable reasons behind the noticeable differences in the change percentage area of lobe

in the above Figure 50 in different projects can be discussed as:
> Big Projects Vs Small Projects

The project of new double track between Barkaker and Tensberg had an investment of 1480
MNOKSs with the total construction period of 4 years (2009-2013) had more positive drastical
changes in evaluated criteria ( line capacity, punctuality, travel time and standard deviations).
Secondly another big project Gevingasen tunnel which had investment of 677 MNOKSs with
construction periods of 2 years (2009-2011) showed the significant positive changes in the
evaluated criteria whereas the small project Jensrud crossing with construction year 4 years
(2009-2013) and Valasja Crossing constructed within 3 years (2010-2013) having both the
investment of 116 MNOKSs showed the relatively lower changes in the evaluated criteria, even
the effect getting negative in some criteria. In general, it can be concluded that the big
projects had more dominant changes rather than the small projects. It can be due to the
objective set up in the big projects to improve punctuality, travel time , line capacity of
passenger and freight trains and changes in the railway schedule after construction that
showed more changes rather than the small project that have the minimum objective of just
facilitation for the railway transport without changing in the railway traffic schedule. The
expectation of those small projects might not were to increase the changes in our evaluated
criteria. From broader analysis, it was obtained that the smaller project like Jensrud crossing
and Valasjg crossing were meant for easing the transportation of freight trains rather than
passenger trains.” As this thesis is limited in the evaluation of passenger trains, so the relative

impact of changes in passenger trains were not observed in those small projects.
» Time of reference in the evaluating the projects:

The time of reference taken for the evaluation of those projects was one year before and one
year after the project. The differences in the changes in projects can be due to the time
reference. The big projects like Double track and tunnel: after completion shows more impact
in the change in evaluated criteria due to relative change in the railway schedule, whereas the

smaller projects of crossings did not change the schedule of train. In other hand the smaller
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projects had the equivalently the same construction period of big project that influenced on
showing the more effects. It can be discussed as the effects are not more likely to be more
during the construction period and after just sometime of completion of project. The effects of
transport infrastructure projects will often not be achieved until a critical mass of projects
have been completed (Olsson and Bull-Berg 2015). So, more time of reference for evaluation

is required to evaluate the projects completely.

5.2.2 Nature of effects of individually evaluated parameters

The effects that are evaluated in the different projects can be further studied by fragmenting
into the single effect parameter. The results of the evaluation when compared against
individual parameters: punctuality, line capacity, travel time and standard deviation the

following nature of variations can be observed.

» Nature of punctuality changes:

The change in the punctuality has a direct relationship with the change in the schedule of train
passing through the routes. Most of the railway projects after completion bring the change in
the train schedule. This evaluation as being based on before and after effects of railway
renewal, the significant changes in the punctuality was noted in four projects. The

comparisions of the changes in the punctuality is shown in the following diagram.
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Figure 51: Changes on Punctuality in four different projects

In the Figure 51 the different results of the change in percentage in different project is shown.
The different values of punctuality in two stations that includes the renewed project in
between can be observed. After Gevingasen tunnel the punctuality in Hell was increased by
15% and the punctuality at Hommelvik was increased by 10% in Northern railway line. After
Double Track Barkaker- Tgnsberg in Vestfold railway line the punctuality of the trains
reaching to Drammen from Skien was increased by 4% and the punctuality of the trains
reaching to Eidanger after the new double track was increased by 12%. In the case of small
projects, the punctuality at Stryken was reduced by 3% and the punctuality was also reduced
to the Hakadal station by 2% after new Jensrud crossing in Gjavik railway line. Similarly, the
punctuality in Oppdal was decreased by 18% and the punctuality in Dombaas was also
decreased by 7% after the new Valasjg crossings in Dovre railway line. In the above analysis,
it can be observed that the big projects Double track and tunnel projects have more significant
changes in the punctuality rather than the small projects of crossings. Even the punctuality

was decreased in the small projects.
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> Nature of line capacity: volume of trains

The changes in the line capacity; volume of the trains in the railway networks before and
after the new renewed project were evaluated, it was observed the relative change in the
volume of the trains in the railway line in four different projects. The changes in terms of

percentage in four railway project can be illustrated in diagram as:
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Figure 52: Changes on line capacity in four different projects

In the Figure 52, it can be observed that the line capacity in the Northern railway line after
the Gevingasen tunnel was increased by 10%. The change in the line capacity after the
Double track between Barkaker and Tensberg was increased by 5% in Vestfold railway line.
Similarly, the line capacity in both of the small projects after Jensrud crossing and Valasjg
crossing were decreased by 1%. In this case also the changes in line capacity in the big
projects are more than the small projects. It can be concluded that the change in the line
capacity in the big projects were not as targeted, as both the projects were expected to

increase the line capacity by 30%"".
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» Nature of Change in Travel Time

The changes in the travel time in the four different railway projects were evaluated. It had
been observed the significant changes in the travel time between the stations that included the
renewed projects in between. The changes in the travel time as represented graphically can be
compared as:
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Figure 53: Changes on Travel Time in four different projects

In the Figure 53, it can be observed that the change in the travel time between Hommelvik
and Hell stations in Norther railway line after Gevingasen tunnel was decreased by 40%.
Likewise the travel time between barkaker and Tensberg in Vestfold railway line was
decreased by 66% after the new double track. In the smaller projects the travel time was
increased by 1% between Stryken and Hakadal in Gjevik railway line and in Dovre railway
line the travel time between Oppdal and Dombas was increased by 1%. It can be noted that
there was huge improvement in the travel time in the big projects whereas the smaller project

did not show any relative changes in travel time.
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» Nature of Change in Standard Deviation

The standard deviations calculated was based upon the mean travel time, standard deviation
measures the randomness of data being deviated from the mean value. The decrease in the
standard deviation favors more number of trains travelling around the mean average travel
time. The different natures of the standard deviations in the travel time between the stations in

four different projects are compared as:
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Figure 54: Changes in Standard Deviations in four different projects

In the Figure 54, the different percentages of the change in the standard deviation in four
projects can be observed. All the values being positive means there were decrease in the
standard deviation in all the four projects. The standard deviation in the travel time between
Hommelvik and Hell was decreased by 40% after completion of Gevingdsen tunnel.
Similarly, there was 75% decrease in the standard deviation in the travel time between
Barkaker and Tgnsberg after the completion of Double track. The decrease in standard
deviation by 22% after jensrud tunnel in the travel time between Hakadal and Stryken was
observed. The standard deviation in travel time between Oppdal and Dombas due to Valasje
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crossing was reduced by 8%. The big projects showed the remarkable deduction in the
standard deviation, whereas, the smaller project also showed the comparative deduction in the
standard deviation. The nature of the result obtained from the positive change in standard

deviation leads to the following discussions:

Due to the positive results in the standard deviations in the entire four railway project, it can
be discussed that the projects might show more positive results in the punctuality afterward,
as this evaluation was based on one year and one year before the operation of new renewed
projects. So, the relative impacts were not noticed after one year, but still the deduction in the
standard deviations if continued in future too, it will be able to bring travel time of all the
trains into the average travel time reducing deviations that eventually will improve the

punctuality of trains.

% SUMMARY OF CHAPTER FIVE

In chapter five the results from the data were discussed. The discussion was made from the
two perspectives of evaluation. In first case, the suitability of the tool used on the evaluations
of the project was discussed. The through positive and negative aspects of the used tool
generalized the idea of better tool to use in the process of evaluation in the ex-post railway
projects. Similarly, the results of the individual evaluation criteria for the different projects
were plotted, so the discussion made was on the success of the each project. From this
discussion, a conclusion on the goal fulfillment of each project can be observed. In addition
the change in the value of individual evaluated criteria: line capacity, punctuality, travel time
and standard deviation over four different projects were discussed.
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CHAPTER SIX

6 CONCLUSION

This thesis was based on the evaluation of the four different railway projects through the
measurement of the changes in the evaluated parameters by the use of the different tools for
evaluation. The results of the changes obtained from the calculations from the evaluation tools
like My train tool from Jernbaneverket and Precision tool from SINTEF was obtained. In
addition the utility of the evaluation tool in relation to their precise measurement was
identified.

In the conclusion, it was experienced that there were some changes in the values of the
parameters before and after the execution of the renewed railway projects in respect to the
results obtained from the tools used. However, for better reflections of the changes, it
requires more sets of evaluation parameters apart from the line capacity, punctuality, travel
time and standard deviation to evaluate the effect results in depth and precise. In the concern
of the suitability of the tool, it has been observed that the available tools were able to generate
some results in the changes. However for the better and precise result the need of timely

updated database and need of more improvement in the existed tool are experienced.

Furthermore, the conclusion is structured in such a way that it presents more conclusions
made on the course of addressing the answer of the research questions and linked with the
areas of further researches.

6.1 Answer to research question 1

% Research Question 1: What is the change of punctuality, railway line capacity,
crossing points, travel time and their standard deviations in travel time in the different

projects?

Answer: The four renewed railway projects were evaluated using the evaluation tool: My
train tool from Jernbeneverket and Precision tool from SINTEF, NTNU within one year
before and one year after the execution of renewed projects. The significant changes were

observed in punctuality, railway line capacity, travel time and standard deviations in the
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bigger projects like Double track Barkaker- Tgnsberg and Gevingasen Tunnel. In other hand,

in the case of the smaller projects of Jensrud and Valasje Crossings, it was observed relatively

lower values of changes over evaluated criteria.
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> In_Double Track Barkaker-Tgnsberg (Vestfold Railway Line): The change of

punctuality in Drammen for the trains passing from Tgnsberg was increased by 4%
and the punctuality at Eidanger passing from Barkaker to Skien was increased by 12%
after the execution of new project. Similarlt, the line capacity was increased in
Vestfgld railway line by 5%. The travel time between Barkaker and Tensberg was

decreased by 66% and the standard deviation in travel time was decreased by 77%.

In Gevingasen Tunnel between Hell and Hommelvik (Northern Railway Line): After

the execution of Gevingasen tunnel, the punctuality in the Hell station for the trains
passing from Trondheim to Fauske (Bgdo) was increased by 15% and the punctuality
for the trains from Fauske to Tronsdheim in Hommelvik station was increased by
10%. Similarly, the railway line capacity in the northern railway line was increased by
10%, the travel time between Hommelvik and Hell stations was reduced by 40% and

the standard deviation in the travel time was reduced by 40% as well.

In Jensrud crossing between Hakadal and Stryken (Gjgvik Railway Line): After the

execution of the Jensrud Crossing, the punctuality at Stryken Station for the train
travelling from Oslo to Gjevik was decreased by 3% and punctuality at Hakadal
station for the train travelling from Gjavik to Oslo was reduced by 2%. Similarly, the
line capacity in Gjevik line was reduced by 1% with the increment of travel time
between Hakadal and Stryken by 1%. The standard deviation for the trains travelling

between those two stations was decreased by 22%.

In VAalasjg crossing between Oppdal and Dombds (Dovre Railway Line): The

punctuality of the trains at Oppdal station passing from Dombas to Trondheim was
decreased by 18% and the punctuality of the trains at Domas for the trains passing
from Trondheim to Dombas was decreased by 7% after the execution of the Valasjg
crossing. Similarly, the line capacity of the Dovre Railway Line was reduced by 1%
along with the increment of the travel time between Oppdal and Dombaas by 1%. The
standard deviation of travel time between those stations was reduced by 8%.



6.2 Answer to research question 2

+ Research Question 2: On what level the evaluation the projects from the perspective of
the evaluation tools can be done? Which one is the most suitable tool out of number of

tools that can be used to evaluate the effects of renewed railway project?

Answer: There were different criteria of evaluation of the railway projects which mostly
depends on the basis of evaluation. The projects can be evaluated from economic, social,
environmental, cultural and other perspectives. The evaluation process here done was ex-post
evaluation to understand and analyse the changes brought about from the modifications of
new projects. This thesis was based on mostly the social aspect of evaluation that includes
punctuality, line capacity, travel time and standard deviation of travel time as the criteria for
evaluation. The tools that were used in the evaluation of those criteria were the My train tool
from Jernbaneverket and Precision tool from SINTEF, NTNU. Both of the tools were based on
the digital database stored by Jernbaneverket that included the characteristics of the trains in
the railway passages. The tools used in this thesis were able to evaluate those parameters, so
the evaluations of those criteria can be done in other different railway project using these tools
further; at least the tools were able to generate the quantitative results of the changes. Thus,
the results were able to be used to analyse the various nature of the graphs that can be further
used to determine the success of the railway projects. So, the tools are efficient to evaluate the
social benefit and perspective of the projects quantitatively and qualitatively.

On the basis of the two tools used to evaluate the railway projects, My train tool from
Jernbaneverket was sophisticated tool and was just capable to quantify the punctuality
between the stations, along with deficiencies to recognize some train stations too. In response,
Precision tool from SINTF, NTNU was able to quantify the results of punctuality, travel time,
line capacity in addition, but the results from this tool was expressed in the form of graphs, so
the use of knowledge of assumption for exact values from the graph might limits the
effectiveness of the tool. To determine the suitable tool out of these tool, it can be suggested
that for the instance to get the values of punctuality within short time My tool application
from Jernbaneverket can be used until the tool recognize the railway stations, whereas, for the
evaluation of the project further, to develop more natures and forecasts of trains in different
railway networks Precision tool can be used. In addition a larger flexibility in the modification

of the Precision tool can break through the chances of further researches. So, it can be
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concluded that Precision tool will be most suitable tool to evaluate the railway projects but the

tool requires more development and testing.

6.3 Areas of Future research

From the analysis of the four railway renewal projects, we can observe the relative
improvement in the values of the indicators for the more costly projects than the less invested
projects. However, we can see the change in the values of punctuality, line capacity and travel
time depends on the train scheduling from railway authority, apart this the evaluation
indicators might have been less for the overall conclusion and feedback for the nature of

renewed railway projects.

Following are the areas of the further research that can be done to optimize and evaluate the
effects due to renewed projects.

% Evaluations using more evaluation criteria

The evaluation result of those four projects can be made more reliable using more evaluation
criteria like measuring the crossing accuracy between the trains in the railway line and
measuring the nature of the correlation between the variable such as punctuality vs train
stations, relation between delay and stations, nature of trains reaching the succeeding stations
etc. In this thesis, from the evaluation of the four railway renewed projects, it was interesting
to find the improvement in the standard deviation of the travel time. In all the four projects
there were reductions in the standard deviations in the travel time between the routes. So, the
future research can be made on evaluating the correlation nature of the train punctuality with
the stations. The values obtained from the correlation helps to find the exact station from
where the train suffer delays that affects the punctuality in long run.

» Correlation between the punctuality and train stations:

The further research can be to quantify the correlation coefficient values in the stations
relative to punctuality and setting the methodology to develop the threshold values in relation
that can make the change in the proportion of delays of train between the stations. (Olsson and
Haugland 2004) had tried to correlate the factors affecting punctuality with the stations, even
it was critical to quantify the threshold values for those correlations. Precisions tool as
developed by SINTEF, NTNU that was used for the evaluation of the projects in this thesis

can further be used to measure the correlation between the punctuality and train stations.
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For instance, it was tried to see the nature of the correlation with punctuality in the train

passing from Oslo to Skien including the new double track between Barkaker and Tansberg.
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Figure 55: Correlation between punctuality and train stations in train number 804
between Skien to Oslo

In the Figure 55, the train number 804 passing from Skien to Oslo shows the different values
of correlation coefficient in comparison with the station and punctuality. The positive
correlation values means either increase or decrease in the values between the variables
parallel whereas the negative values means the increase in one value results in decrease on
the other value. In respond the correlation exist the relation between delays and the stations.
In comparison with the change in the standard deviation the reduction in the delays can be

counter argument by the evaluation of those correlation graphs.

However, as mentioned before the quantification of the threshold values of correlation
subjecting the punctuality and station as the variable, it might be the areas of the further
evaluation to measure the effect of new projects.

% Flexibility in time tabling to improve the values of evaluated criteria

It has been observed that the values of the punctuality, travel time and line capacity is mostly
dependent on the scheduled time of the railways between the routes. Adriano in (D’Ariano,
Pacciarelli et al. 2008) purposes that a standard practice to improve punctuality of railway

services is the addition of time reserves in the timetable to recover perturbations occurring in
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operations. However, time reserves reduce line capacity, and the amount of time reserves that
can be inserted railways area. The solution can be use of flexible timetable that can be an
effective policy to improve punctuality without decreasing the capacity usage of the lines. The
principle of a flexible timetable is to plan less in the timetable and to solve more inter-train
conflicts during operations. In his research in Dutch Railway line, he came up with the idea of
extensive computational algorithm for generating the real time scheduling that shows the
improvement in punctuality. This timetable was practiced in the congested railway areas but
he argued in the possibility of using this approach for the normal railway lines. But the need
of advanced system for timetabling and real time criticality might sophisticate this process. So
the further research can be on developing the effective time planning of railway in the
Norway and evaluate the changes in those criteria used in this thesis.

In another way, punctuality can be more flexible by accounting the slacks and precision
strategies in the travel run. (Forsgren, Aronsson et al. 2013) defines slack as the extra time
given to a train relative the minimum time it needs including any planned stops, to cover the
distance of the whole trip. Olsson in (Olsson and Haugland 2004) argues that slack might be
due to the increased station time, reserve on board personnel and rolling stock reserves in the
case of primary delays whereas few trains in comparison to rolling stock, low utilization of
infrastructure, lack of rules and communication between the trains may give rise on slack in

the case of secondary delays.

To avoid the slack, slack strategy is to be developed, for instance the reduction in the delays
when the train gets closer to the final destination, increase in the scheduled time in the
timetable can reduce the delay. But the challenges can be on positioning the slack in terms of
localizing personnel and rolling stock, infrastructure and distribution of slack in the
timetabling, expensive in operation, whereas the simple execution and relative impact on

short duration are its counter challenge features.

Precision strategy is the enablers for the railway components. The railway components
include infrastructure, train operation, rolling stock maintenance and other auxiliary
components that are needed for the operation of the train. This strategy can be maintenance of
infrastructure & rolling stock, calibrated timetable, management in passengers boarding,
prioritization of the trains etc. for the purpose of avoiding primary delays. In other hands,
atomization of trains, reduction in speed delays, monitoring the causes and type of trains
causing frequent delays can be the ways of reducing secondary delays. This technique is
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based on the Just in time technique (JiT) which purposes on minimizing the waiting time and
other types of delays. JiT in industrialization means to avoid the overstocking of raw
materials and products, which means to reduce buffer time and dwell time in railways. This is
more focused on developing the punctuality culture among the network so has low operational
and delay cost. But the wide commitment from the each stakeholder to generate
organizational behavior results this process to be more time consuming. In this strategy the
flexibility can be practiced in execution phase too as it has large degree of freedom due to
enough time whereas flexibility might not be accounted much in planning phase due to longer

execution and operation phase.

So, the further research can be done in developing the new strategy for the enabling the
precision strategy to cope with the changes in the railway components by the reductions in the
primary and secondary delays and to evaluate the changed values after the renewed railway

projects.

% SUMMARY OF CHAPTER SIX

In chapter six, the research questions of this thesis based on the evaluation of the effects in the
four different railway projects were answered through the conclusion in the quantitative
changes in the evaluated criteria and extent of expertise of tools that can be used to evaluate
the railway projects. Furthermore, in this chapter, results from the discussion addressed the
possibilities of further researches that can be done to obtain more precise results on evaluation

and coined the areas of improvement for better output from such renewed railway projects.
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