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ULOHY PRI REKONSTRUKVCII TUNELA GLATSCHERAS, BERGUN,
SVAJCIARSKO

CHALLENGES IN THE REMEDIATION OF THE GLATSCHERAS-
RAILWAY-TUNNEL, BERGUN, SWITZERLAND

Simon Janelé

ABSTRAKT

334 m dlhy jednopruhovy tunel Glatcheras patrialezniciam Rhaetian (RhB) gags’ou
najznamejsej zeleziiej trate Albula vo Svajarsku, ktord je svetovym dedivom
UNESCO. Tunel sa nachadza vo vySke okolo 1350 m. & bol postaveny v roku 1903 kvoli
zosuvu poédy, ktorda zakryla stard Zeleémui tra’. Tunelové ostenie je vybudované
z prirodného kamenného muriva, niektoré tunel@msti vSak toto ostenie nemaju.

Dva vstupné portaly, ktoré ukému tunel su taktiez z prirodného kamenného murienel
vykazuje znané porusenie konstrukcie a nispaktualne poZiadavky (napr. svetlé rozpétie,
bezpenog’). Hlavnou ulohou projektu je obnova existujucep&wukcie za &elom d’alSej
prevadzky na nasledujucich 70 — 100 rokov. Opravasinprebehntil pod dofiadom
UNESCA (kvoli portalom) a musi IsyumoZznena prevadzka tratecpe celej vystavby.
Oprava tunela Glatscheras reprezentuje pilotnyegtag ofiadom k tzv. "Normalbauweise
Tunnel” - Standartny rekonstrérky koncept predstaveny Zeleznicami RhB, ktory ddazia

na inStalacii prefabrikovanych beténovych elementaWwedenim tohto Standartného
konceptu, ma klient v umysle Standartizbydanovanie a stavebné prace pre rekonsStrukciu
vlastnych tunelov. Toto prispeje k niz§im nakladmskrateniasu vystavby.

ABSTRACT

The 334 m long single-lane Glatscheras-Tunnel efRhaetian Railway (RhB) is part of the
famous Albula Railway Line in Switzerland, which aa UNESCO World Heritage Site.
The tunnel is located about 1,350 m above sea &wkiwas built in 1903 due to a landslide
that covered the existing railway line. The tunhing consists of natural stone masonry;
some tunnel sections are unsupported. Two portakctstes of natural stone masonry
complete the tunnel. The tunnel shows significegnsof structural damage and doesn't fulfil
actual requirements (e.g. clearance gauge, safdig)main aim of the project is to remediate
the existing structure in order to enable operafoorihe next 70 — 100 years. The remediation
has to occur observing the conditions of UNESCCO (e portals) and enabling rail
operations during the entire construction time. Tamediation of the Glatscheras-Tunnel
represents a pilot project with respect to theated "Normalbauweise Tunnel" — a standard
refurbishment concept introduced by the RhB basipgn the installation of prefabricated
concrete elements. With the introduction of thisnsfard concept the client intends
to standardise planning and construction workgHerremediation of their own tunnels. This
will contribute to lower costs and a reduction amstruction time.
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8133 Esslingen, Switzerland, tel.: 0041/44/3871%6Mail: simon.janele@baslerhofmann.ch



1 Introduction

The Rhaetian Rainway (RhB) is Switzerland's largediivay operator for routes
throughout the Alps. The 10 regular railway lindstee RhB consist of 384 km of railway
lines, 103 stops, 115 tunnels and 606 bridges @sgions are shown in Fig. 1 and Fig. 2).
These 115 tunnels have a total lenght of aboutnd0 k
The RhB started operating in 1889. Since 2008ah®tis Albula- and Berninalines belong to
UNESCO World Heritage Sites. About 1,500 employessry around two million
commuters, ten million tourists and roughly 600,0@nes of cargo per year [6].
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Obr. 1 Regionalny vlak na okruznom viadukte Brugigjn
Fig. 1 Regional train on circuit viaduct Brusio [3]

2 Project overview and challenges

The 334 m long single-lane metre gauge GlatschEwasel of the RhB is part of the
famous Albula Railway Line (from Thusis to St. Majiin Switzerland (canton of Grisons),
which is a UNESCO World Heritage Site. This railwéige is used for both public
transportation and rail cargo. The tunnel is lodadbout 1,350 m above sea level and was
built in 1903 due to a landslide that covered tlkestang railway line. At that time, the
construction time was 144 days.

The plan view in Fig, 3 shows a strongly bendetiveay line (minimal radius R = 108 m).
The tunnel lining consists of natural stone masdomeca 275 m); some tunnel sections are
unsupported (circa 59 m). The track bed is madefinallast. Two portal structures of natural
stone masonry complete the tunnel.



Obr. 2 Zeleznina tra’ Albula, Landwasserviadukt 8]
Fig. 2 Albula Railway Line, Landwasserviadukt [8]
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Fig, 3 Geological planview of the Glatscherasturjtgl

This tunnel plays an important role for all futduanel refurbishments of the RhB, as it is the
first prototype of a new refurbishment-concept (seapter 0).



The current, old cross-section of 27° rehows a horseshoe profile. The tunnel shows
significant structural damage (e.g. damage of thesanry, spalling, insufficient ballast-
thickness / dewatering; see Fig. 4) and doesrfil Bdperior requirements (e.g. clearance
gauge, elevation reserve, height of catenary, satanhdards / equipment; see Fig. 5). Due to
this the usability is partly restricted, howeuee structural safety is usually not reduced.
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Obr. 4Typicky priecny rezs poSkodeniami konstrukcie [4]
Fig. 4 Typical cross-section with damages of thecstire [4]

Due to all the damage and the necessity of widethiagrofile, the tunnel and the two portals
have to be refurbished. The remediation has toroabsgerving the conditions of UNESCO
(for the portals, Fig. 6).

In the portal zones, many surrounding measuresthaoke implemented in the past as a
consequence of landslides and rockfall. For exanhhgitudinal walls (see Fig. 6, left), rock
protection systems with a spiral rope net, nail$ amchors above and beside the portals.
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Obr. 5Typicky prietny rez s nesplnenymi pozZiadavkami [4]
Fig. 5 Typical cross-section with unfulfilled regeiments [4]
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Obr. 6Portal tunela Stuls {avo), portal tunela Berglin (vpravo)
Fig. 6 Portal side Stuls (left), Portal side Bergtight)



3 Geological overview

The geological planview is shown in Fig, 3. The Iggzal longitudinal section is
shown in Fig. 7.
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Obr. 7Geologicky pozi¥ny rez [1]
Fig. 7 Geological longitudinal section [1]

The comparatively favourable rock conditions, therslenght of the tunnel and the location
(good accessibility, place for installations) ahe treasons for testing the new method of
tunnel remediation at the Glatscheras-project.

4 Objectives

The main aim of the project is to remediate thestaxy structure in order to enable
operation for the next 70 — 100 years. The reflabmsnt has to enable rail operations during
the entire construction process, this usually meaonsk during the night shift and ralil
operation during the day. The construction works scheduled from 2014 (preliminary
works) to 2016.

The different damages of the structure (see Figmd¥t be remediated and the superior
requirements (see Fig. 5) must be fulfilled. Thigplicates the special requirements from
UNESCO for the two portals.

Last but not least a practical, durable and inegpensolution of high quality was sought.
With the introduction of a standard concept, thentl(RhB) intends to standardise planning
and construction works for the remediation of tleeun tunnels. This will contribute to lower
costs and a reduction in construction time.

5 Solutions

In order to solve the current problems (damageesoprequirements) for all RhB-
tunnels, the first studies for a standardized reatigsh concept started in 2011. In 2012 these
studies were intensified, especially with respecthe application of prefabricated concrete
elements and the building process concerning thatemance of railway operation. With the
intention to optimise the remediation concept, bludding process and the handling of the
prefabricated concrete elements under real comditimterested construction companies had
the opportunity to practice in the Hagerbach teshem(Flums, Switzerland). Further
important outputs of these tests were the informmatibout necessary construction time and
consequential costs. After those tests and base meliminary project, the preparation of



the tender began. Up to this point in time all whark was organised and carried out by an
interdisciplinary team (client, planner, formworkprefab) and further external reviewers.
The remediation of the Glatscheras-Tunnel reprasamtilot project with respect to the so
called "Normalbauweise Tunnel”, a standard refiminisnt concept introduced by the RhB
based upon the installation of prefabricated cdeceéements (see Fig. 8, left). This concept
means a complete replacement of the tunnel linimdpu consideration of the new clearance
gauge and safety requirements.
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Obr. 8Montované skusobne prsten@®avo); ednotlivé prvky(vpravo) [5]
Fig. 8 Prefabricated test rings (left); Single edens (right) [5]

The total height of the new cross-section is 6.70amd the total width is 6.28 m. The
prefabricated concrete elements are 1.5 m long.dwses-section consists of seven elements
(see Fig. 8, right) which are screwed with the Klag elements and locally with the rock.
Radial and longitudinal seals ensure waterproofidgtween the primary tunnel support
(shotcrete) and the concrete elements, water éstaldrain off into a layer of loose gravel to
the inner dewatering system (see Fig. 9).
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Obr. 9Typicky novy pri€ny rez tunela [5]
Fig. 9 Typical new cross-section in the tunnel [5]

According to the novel standard concept, the reatsmh is realised in eight construction
steps (two interphases are shown in Fig. 10):

» aseries of different preliminary works (rock stedaition, substation construction etc.)

« excavation (the new excavated section is of 41 m

* primary tunnel support (rock bolts, reinforced shete; see Fig. 10, left)

*  building-in of the dewatering system

» installation of the prefabricated elements (see Edy right) and construction of the

tunnel floor

» backfilling with pea gravel

» installation of the track superstructure

» various finishing works.
The final cross-section shows. In this way it is@ble to replace and strengthen the tunnel
lining, to fix the tunnel floor, to enlarge the tel in order to satisfy the requirements
concerning the normative clearance gauge (includirey required safety space), and to
improve the safety equipment.



Before main construction starts, the railway treckut lowered by 52 cm, in order to create
enough construction space for the works. At the #menew rail will be on the same level as
the old rail. The former existing catenary has deahfor the benefit of a space-saving
overhead conductor rail.
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Obr. 10 Med4iahlé fazy 1 (Vavo) a 4 (vpravo, z celkovéhodto 9 5]
Fig. 10 Interphases 1 (left) and 4 (right) of t@4b]

Particular attention has to be paid to the pofsde Fig. 6). The refurbished the natural stone
masonry has to appear similar to the existing poita order to fulfil the requirements of
UNESCO. The different cross sections are shownign EL. The requirements concerned
especially the maintenance of the scale relatipngheight to width), the layout (stones,
joints, arrangement etc.) of the natural stone mgsof both the inner and outer lining.

: _ Glatscherastunnel, 1: 50

1 Stationierung km 72'275 (Portal Stuls)
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Obr. 11Celny poliad na portal so starym a novytefveny obrys) prierezom [5]
Fig. 11 Portal front view with old and new (red lowg) cross section [5]
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As an example of the complexity of the works, Hig.shows a cross-section which is located
in overhanging rock, near the transitional aretheffirst prefabricated tunnel elements.

Both tunnel and portals are built with the helpnobbile protection constructions, which
protect the railway operation during the day froowd falling objects.
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Obr. 12Prieiny rez tunela so skalnym previs¢j
Fig. 12 Cross-section portal with overhanging rfgk

6 Closing remarks

For the RhB it is the first time the so called "N@albauweise" is applied. The main
goals of this standardised remediation conceptsawng construction / planning time and
costs. The on-going construction works (2014-20t6yorks during winter due to frost) will
show if these goals can be achieved.

Project experiences will be presented at the centar in Zilina.
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