B === Rhiitische Bahn
q I-m In collaboration Ferrovia retica Viafier retica
&

 BSI consulting

\_

o
oS
&

Infrastructure maintenance
strategy plan of the RhB:
how to preserve the
patrimony of a

rail network




Switzerland, a small country in the heart of Europe
which speaks 4 languages, ...
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A small country in the middle of the Alps, ...
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... With one of the most dense, efficient and attractive
public transportation network in the world !
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U More than 10 million passengers per year

U a wonderful and unigue landscape
4 3 cultures and 3 languages

U An essential mobility carrier for residents
(home-to-work/school travel, leisure, work)
and the economy (transport of goods)

German
0 ltalian
javo B Romansch

O An incredible motor for the tourism, with
internationally recognized trains services
such as the Glacier Express, the Bernina
Express and the UNESCO World Heritage

0 One of the largest employers in this
mountain canton, with more than 1400

employees
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O 384 kilometer (meter gauge)

O Practically only single track

O More than 600 bridges and viaducts
O 115 tunnels (the longer 19 km)
103 stations

1 One centralized TCC

O Locomotives ~ 60

QEMU ~ 20

0 Coaches ~ 900

0 Passenger Kilometers 364 Millions
d Punctuality (<5’) 96%

4 Degree of cost coverage 58% o S .S
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A real mountain railway with many challenges :

Q Part of the network above 1'500 m 30%

O Part of the network in tunnel or on bridges 20%

4 highest point 2’253 meters above s.l.

O Highest gradient (adhesion rail without rack) 70 %o

Q Very windy and
temperature to -35°
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Rhaetian Railway

GLACIER
EXPRESS’

Moritz / Davos - Zermatt
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Grse= Rhiitische Bahn
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4 Define a new maintenance and renewal strategy plan

O Check in details the state of the infrastructure and other equipment
thanks to external specialists (asset analysis )

[ Define how to ensure the evolution between the observed state
and the target objective

O Optimize investments, which must be made at the right time
(not too early, not too late)

1 Plan the distribution of interventions/investments on the network

O Imagine a new method of renewal with "standard constructions” to
ensure uninterrupted service (on a single track network!)

O Even if the basic objective is to ensure uninterrupted service (on a
single track!) introduce when absolutely necessary the
"clustering"” approach, with total closure of certain lines.
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2003

51 m 1617 m

2035 m

232 m

@ =3.276

Classes d’état:

o
) 3
(3)

o=~ 8

2008

1573 m'

@ = 3.095

Well
Acceptable
Deteriorated
Bad

Alarming

2013

1100 m'

2243 m

7457 m' \

renewal in about 50 years
renewal in 25 to 30 years
renewal in 5to 10 years

immediate renewal
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The RhB has developed a new uniform
method of repair dubbed "standard
construction", which guarantees
compliance with regulated building

procedures and lower costs than with

previous methods, while allowing
renovation work to take place with the
railway in operation.

Thanks to the newly developed standard
construction procedure, the quality and
cost-effectiveness of tunnel and bridge
repair work are both set to be improved;
accompanied by increased safety standards
and a lengthening of service life from the
current average of 30 to 50 years to 70 to
100 years.
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Preliminary work
O Scaffolding
0 Temporary track

Phase 1 (auxiliary bridge)
O Bodywork demolition

O Track dismantling

O Excavation

O Installation of
prefabricated foundations

4 Installation of auxiliary
bridges
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L : J Phase 2 (auxiliary bridge)
O reinforcement of the
formwork

i | /T{ Q concrete pouring during
‘F_:ﬁ__j;__i:r night closure
LJ—L OX | / = M (per train transport,
oL 9 ol usually no road access)
| O application of

i Y —— i _
r ST s e 9 95 waterproofing
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Phase 3

O disassembly of the
auxiliary bridge

4 installation of gravel,
sleepers and rails

4 wall cladding with natural
stone

O installation of corbels and
guardrails

For this final part you have
to submit to the rules of the
UNESCO, and ensure that
the final aesthetic will be
exactly like the previous one
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This new procedure entails full replacement
- rather than "mere" restoration - of the
walls of the tunnels concerned.

The track is lowered for this purpose,
iIncreasing the cross-section of the tunnel;
a new drainage system is added, new walls
made of prefabricated concrete sections
are installed and the tunnel entrances are
rebuilt. All this allows the tunnel to be

I W repaired with the railway in operation.

The first tests were
made a few years
ago in an old unused
tunnel of a quarry
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i NN =, fmoisture

backfilling MO QLM Apenetration, ingress
cavernous torned | .\ ol e etey ey
shot-crete-shell [ 2 IR I . [spalling,

g s '8 ® ¢ S\lstress hinge,
lblocked drainage [Z &Y, &\ Jdefect stones
weak crumbly J 7 %transverse and
grout e longitudinal

- cracks
bulge parament ¥ ®
(temperature, !
earth pressure, P
ice, water) TR 1
Tunnel length: 334 m dewatering missing, @‘ insufficient thickness
Single-lane metre gauge to high and defect of ballast

Part of the famous Albula Railway Line (UNESCO) old cross-section: 27 m2

1,350 m above sea level

horseshoe profile
Former Construction time: 1903 / 1904 - 144 days (drill & blast)

Present Construction time: Sep. 2014 — Nov. 2016 (night shift; winter) structural damag.es, but
structural safety is
275 m natural stone masonry (incl. two portals), 59 m unsupported rock usually not reduced

Strongly bended railway line (Rmin = 108 m) usability is partly

Track bed is made up of ballast restricted
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The new standard tunnel construction procedure was used for the first
time in the repair of the 334-metre-long Glatscheras Tunnel under
Bergln, which is some 108 years old. This involved lowering the track
by 52cm. The operation have to be ensured during the day (night shift) !

G
height of catenary %

i - doesn’t fulfil superior
clearance gauge I requirements

Grenzlinle

der Fahrzeuge
(Konstruktlonspr

— o | .": | F , - necessity of widening the
place for door - | '. | | ' profile (tunnel and
opening im s RR | | | [ portals)
space for window \ “ 3' 1 [ o

y ! \ | - remediation portals
a ‘ I . "
p—— ', | '. | observing the conditions
handrail, lighting 1 .‘ '_ : l I of UNESCO
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The tunnel's cross-section was enlarged by drilling and blasting, ...
followed by the installation, from goods wagons on the track, of

prefabricated concrete sections.
) 2 ' ;/ -2 T
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... followed by the installation, from goods wagons on the track, of
prefabricated concrete sections.
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The Rhaetian Railway, something different !
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