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Tunnel Renewal + Safety @ SBB SBBCFFFFS

Content ITA-Cosuf Rome 22.06.2012

- Number + age of tunnels SBB
> Damages / impacts
> Tunnel safety

> Renewal cases and methods
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Tunnel Renewal + Safety @ SBB SBBCFFFFS

Quantity + age of tunnels SBB ITA-Cosuf Rome 22.06.2012

Number + age of single + double track tunnels on SBB network

Number of

tunnels SBB 2012 _

A Tunnels single track: 158 pcs., 123.4 km
70 |- Tunnels double track: 133 pcs., 134.0 km
60 |- Total: 291 pcs., 257 km
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Tunnel Renewal + Safety @ SBB
Tunnels SBB today

K] SBB CFF FFS

ITA-Cosuf Rome 22.06.2012

Tunnel length 257 km
a8 Number of tunnels 264

Number of objects

. to be inspected 291
E (thereout cut & cover  32)

N~
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Tunnel Renewal + Safety @ SBB SEBCFFFFS

Tunnels SBB tomorrow (-2019) ITA-Cosuf Rome 22.06.2012
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Tunnel Renewal + Safety @ SBB SBBCFFFFS

Clustering Tunnel Renewal (2010-2019) JJA-Cosuf Rome 22.06.2012
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Tunnel Renewal + Safety @ SBB SEBCFFFFS

typical damages / refurbishment works ITA-Cosuf Rome 22.06.2012

> After approx. > 40-60 years of use 15t refurbishment / Renewal
resp. next refurbishment of an earlier refurbishment.

. L |
Tunnel mit nel mit
Betonverkleidung

> Causes / origin:

— Enlarging tunnel profiles
(e.g. Optimizing profile in tunnel,
higher / wider trains)

— Damages masonry / lining
(contact with groundwater / frost)

— Water ingress (dripping / ice
formation) / defective drainage

— Retrofit Safety elements
escape way, tunnel lighting,
signalization

' © SBB:«I+AT-IU + 22.06.2012 7



Tunnel Renewal + Safety @ SBB =4 SEECFFFFS

Impact: Water ITA-Cosuf Rome 22.06.2012

v+ (Re-) Actions of

Eok . 7 oy ¥ b - 5 =1 L :iﬁi‘. _‘._. ..

(Weathering) W technique
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Tunnel Renewal + Safety @ SBB SBBCFFFFS

Impact: Water ITA-Cosuf Rome 22.06.2012

| { Example of damages:

1

- water ingress, leakage, damages of lining,

- repair of joints

Pic. Marti Renesco AG © SBB -+ I+ AT-IU « 22.06.2012 9



Tunnel Renewal + Safety @ SBB SEBCFFFFS

Impact: Water ITA-Cosuf Rome 22.06.2012

Weathering of tunnel lining due influence of mountain- / groundwater
(evaporation-inducted salt-enrichment in mortar / concrete)

+ Humidity-contact for decades + A Temperature

+ influence of surrounding geology

28 T N REE o s | Accumulation of harmful salts in the concrete or
B G AR ﬁa. N2 e :uk‘ 458 .
Vo Paae "Xk H (g ¥ S ‘k‘ _ | mortar due a ,;stream* of humidity for decades

Ak A | trough the lining or invert.

o RO
; T b B N » Amount of ground water
evaporation

:’;:; Tunnel-
= interior | . concentration of salts in
groundwater

Partially detention in the lining

» Concentration salts in lining
accumulation of salts until /
destruction of cement

o B (crystallization and / or
TN Ettringite / Thaumasite).
Lining Esp.where change dry / wet
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Tunnel Renewal + Safety @ SBB RISEIREER BFF FRS

Typical damages & Problems: Water ITA-Cosuf Rome 22.06.2012
Most tunnels have a drained concept = drainage system,
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K] SBB CFF FFS

Tunnel Renewal + Safety @ SBB
Fire prevention ITA-Cosuf Rome 22.06.2012

Minimising impact in case of fire due to waste / paper in cable-ducts / electrical boxes for
rail technique: - protection with barriers / cover panels of the cable ascents

12
© SBB - I+ AT-U < 22.06.2012 ,,



Tunnel Renewal + Safety @ SBB
Typical renewal + upgrading works

Waterproofing vault ——_"
J

rock mass
improvement

Local widening
of profile

Drainage vault

-

Protective |

\

K] SBB CFF FFS

ITA-Cosuf Rome 22.06.2012

New catenary /
rigid electrical rail

Repair of joints/
(shotcrete shells)

Tunnel Safety
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} Cable ducts
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Tunnel Renewal + Safety @ SBB SBBCFFFFS

Improving tunnel Safety ITA-Cosuf Rome 22.06.2012

Risk categories in tunnels:

Risk analysis:

I Number of J Length of

= Length of tunnel
tunnels tunnels

= + Frequency of trains
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K] SBB CFF FFS

Tunnel renewing + safety @ SBB

Tunnel safety: Tunnels with SRM

ITA-Cosuf Rome 22.06.2012
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Tunnel Renewal + Safety @ SBB SBBCFRFFS

Upgrading Tunnel Safety ITA-Cosuf Rome 22.06.2012

Self rescue measures in 62 new or existin

tunnels (150 from 252 km) (Simplon: +2x 209km) 6 ﬁ 5 9
25m 275 m

Retrofit / Elements: -

improvement = Tunnel lightning incl. Alarming

tunnel Safety > Walkway and handrail

> Signalization (escape signs)

> Improvement visibility of existing cross-passages / escape
possibilities.

© SBB -« I+ AT-IU +22.06.2012 44



Tunnel Renewal + Safety @ SBB SEBCFFFFS

rescue shaft ITA-Cosuf Rome 22.06.2012

Example Zimmerberg Base Tunnel

© SBB -« |- AT-IU-22.06.2012 4



Tunnel Renewal + Safety @ SBB SEBCFFFFS

rescue shaft ITA-Cosuf Rome 22.06.2012

Example of one rescue shaft at the Zimmerberg Base Tunnel near Zurich
> H=60m

> Stairs + “Alimak”-elevator for fire service + rescue teams

> Enough «buffer space» for passengers

> Overpressure ventilation to prevent a «chimney effect»

© SBB - I+ AT-IU+22.06.2012 4g



K] SBB CFF FFS
Tunnel Renewal + Safety @ SBB PREFFFF
Upgrading Tunnel Safety

ITA-Cosuf Rome 22.06.2012

Zimmerberg Base Tunnel (9.5 km)

- Improving Tunnel ligthning 6 ﬁ E 9

- better visibility of emergency exits _25m  275m_
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Tunnel Renewal + Safety @ SBB SBBCFFFFS

Simplon Tunnel - History ITA-Cosuf Rome 22.06.2012

Example Simplon Tunnel

© SBB e |+ AT-IU + 22.06.2012 20



K] SBB CFF FFS

Tunnel Renewal + Safety @ SBB

Simplon Tunnel - History ITA-Cosuf Rome 22.06.2012
Key-data | / History:

2 parallel tubes, each 19.8 km long. Cross-over in the middle of the tunnel

1906 Inaugration of the 1st tube incl. cross-over, 2. tube 1922

From beginning on with electrical traction 3-Phase DC 3kV,
later change to 1-Phase AC 15kV 16.7 Hz

© SBB I+ AT-IU - 22.06.2012 4



K] SBB CFF FFS

Tunnel Renewal + Safety @ SBB

Simplon Tunnel - fire June 9, 2011 ITA-Cosuf Rome 22.06.2012
Fire of freight train in south tube Il, between km 15.3 and 16.0:

© SBB I+ AT-IU - 22.06.2012 5,



BEZE] SBB CFF FFS

Tunnel Renewal + Safety @ SBB
Simplon Tunnel - fire June 9, 2011 ITA-Cosuf Rome 22.06.2012
Fire in south tube Il, between km 15.3 and 16.0:
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Tunnel Renewal + Safety @ SBB
Simplon Tunnel — upgrading Safety

- Self rescue measurements: (lightning +power supply, signalisation walkway + handrail),
- upgrading existing cross-passages between tubes | + I,
- Further: new switches, lowering of track, drainage, 132 KV + 50 Hz-power supply

K] SBB CFF FFS

ITA-Cosuf

Rome 22.06.2012

Self-Rescue measurements SRM (walkway, illumination, Handrail, escape signs.

Transformation of 44 existing and 3 new cross-passages. 2 x 19800 m

Renewal of tunnel
drainage km1-7

Electr. Intelocking block

Renewal of tunnel

» drainage km 10 - 16

Schwelz < ltalien

4 Tunnel | Wi : W4 ]
3 Y
— .Y,
E Upgrading 44 existing,
% 3 new cross passages
e T e T Spm——— Te———p—l. || Eem————
i W2 X W3 N
Tunnel Il X

Station g Tunnel

b

new in
blocks

Conformity 132 kV

2x 19800 m

in situ cable
(16.7 Hz)

- 4 new switches

- lowering of invert:
tube I: L =650 m
tube II: L =550 m

16 kV (50 Hz)

(in place of 4 kV)
L =19800 m

new in situ cable block
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Tunnel Renewal + Safety @ SBB

Simplon Tunnel — renewal+upgrading safety

Key datal ll:
Distance between tunnel axis only 17 m!
F Ar = @approx. 24 m2. v, 140 km/h, High speed trains-Ziige up to 160 km/h
Existing cross passages every today 350 — 700 m. New max. 500 m

Habalkanal T24

Tunnel |
ohne Sohlengewdlbe Km 155'997 - 156'629

Traverse (L = ca. 12.00m)

Fluchiweg

Fluchtweg W

Trasse 15%Y (16 213 Hz
2 x MW 120

Kabelkanal

B=80cm H=220cm
MNotbeleuchiung

B=80cm H=220cm
hotbelewschiung

Handlauf

Handlauf

_Baleuchiung

Fluchiwagbeschilderung

Balauchtung

Fluchtwegbeschildarung

Anpessung

Anpassung

Misch

Trasse 132k

L4 Msche \| Hhsche .=

Trasse 132kV

K] SBB CFF FFS

ITA-Cosuf Rome 22.06.2012

Tunnel ||
ohne Sohlengewdlbe Km 156'002 - 156'551

Egelonhtar Kabelkanal

S0 100mm fir Bel
Personenschutznische
.

. 1.80 Trasse 15KV (16 213Hz)

ZxNW 120

T 111
Entwiissarung

Anpassung

2 & NW 150, 1 x NW 80

2 xWNW 150, 1 x NW B0 !

Trasse &/16KY (50+z)

Betonabdeckung

Meubau Enwasserung

HPE - Rohr NW 250

2 x NW 120
Betonabdeckung
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Tunnel Renewal + Safety @ SBB SEBCFFFFS

Simplon Tunnel — renewalt+upgrading Safety  ITA-Cosuf Rome 22.06.2012

Typical situation cross-passages every @ 500 m :
- Upgrading 44 existing, construction of 3 new cross passages
- New doors and illuminated escape-signalisation + illumination

Typischer Querschlag Querschnitt A - A 1:50
Situation 1:100 Tunnel i hissbrsict sathcba

© SBB -« I+ AT-IU + 22.06.2012 o6



Tunnel Renewal + Safety @ SBB SEBCFFFFS

upgrading Tunnel Safety - Sempione ITA-Cosuf Rome 22.06.2012
> Upgrading cross passages
- Signalisation:
~ Light24 h
— Green colour
- Sliding doors
- Fire resistance

- Orientation plan

sl + over pressure / ventilation
||| + CCTV (video survey)

d- (Fire-water duct)

© SBB -« I+ AT-IU*22.06.2012 o



Tunnel Renewal + Safety @ SBB SEBCFFFFS

upgrading Tunnel Safety ITA-Cosuf Rome 22.06.2012

€3>

~25m 275 m

Simplon Tunnel
handrail with integrated LED light

Simplon Tunnel
upgraded cross-passages

© SBB - I+ AT-IU +22.06.2012 g



Tunnel Renewal + Safety @ SBB SEBCFFFFS

Simplon Tunnel — renewal+upgrading Safety ITA-Cosuf Rome 22.06.2012

Before replacement of 40 km cable
duct replacement of approx. 20 km
drainage tubes with stronger, high
quality PP tubes with larger .
(150 cm? inlets /m’)

© SBB - I+ AT-IU +22.06.2012 g



Tunnel Renewal + Safety @ SBB
Tunnel Safety Gotthard Base Tunnel ITA-Cosuf Rome 22..2013
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Tunnel Renewal + Safety @ SBB SEBCFFFFS

Tunnel Safety Gotthard Base Tunnel ITA-Cosuf Rome 22.06.2012

Ventilation
= in rescue station (MFS)

= In cross passages

Fahrréhre

Nothalt
im Tunnel

Abluftstollen - <

Frischluft/Fluchtrohre
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Tunnel Renewal + Safety @ SBB
Tunnel Safety Gotthard Base Tunnel

K] SBB CFF FFS

ITA-Cosuf Rome 22.06.2012

i‘a gﬁ

125m 175 m

© SBB -« I+ AT-IU +22.06.2012 4,



K] SBB CFF FFS

Tunnel Renewal + Safety @ SBB
other safety installations / vehicles ITA-Cosuf Rome 22.06.2012

Other safety elements / installations @ SBB:

Hot axle detectors
(usually approx. 2-3 km before main tunnel)

Chemical detectors
Offset load detectors

Fire fighting train
«LRZ» 16 pcs,
all ETCS L2 compatible SISy

Ty d

© SBB - I+ AT-IU +22.06.2012 34



K] SBB CFF FFS

Tunnel Renewal + Safety @ SBB
Conclusions ITA-Cosuf Rome 22.06.2012

SBB tunnels are for >150 years safe constructions
Tunnel Safety (self rescue) upgrading @SBB for approx. 18 years

Safety improvements in longer tunnels according to TSI — SRT
technique and as simple as possible...

Tunnels must be maintained to ensure safe operation

SBB-network with very high use 100 — 300 trains / track!
--> Access + maintenance / Renewal under heavy traffic difficult
(closure of tracks / only in short work shifts)

Handling of groundwater in tunnels very important for the lifetime
(LCC) of tunnel structure + technical equipment
- Water must drain permanent without water-pressure

under the invert or behind the lining !

© SBB -« I+ AT-IU +22.06.2012 44



. BX:2] SBB CFF FFS
Final word

Thank you for your R —
attention
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Water-drainage pipe |
1
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BK:2] SBB CFF FFS
Tunnel Renewal + Safety @ SBB

Simplon Tunnel - 2012 — 2014, costs 160 Mio. CHF ITA-Cosuf Rome 22.06.2012

Cross-over:
Strong salt-formation on the lining surface due evaporation-enrichment.
Water can be aggressive for any metallic component
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BK:Z] SBB CFF FFS
Tunnel Renewal + Safety @ SBB

Tunnels du Mormont

Example Tunnels du Mormont

© SBB - I+ AT-IU +22.06.2012 3¢




BK:Z] SBB CFF FFS
Tunnel Renewal + Safety @ SBB
Tunnels du Mormont

1855 Inaugration 2 Tunnels, L = 183 and 301 m,
Line between Lausanne — Yverdon)

1925 Electrification 15 kV 16.7 Hz, ( incl. 1st lowering of the vault)

2008-10 Construction of the parallel tube, transformation existing 2-
track tube into a 1-track tunnel.

Approx. 250 trains / day + freight traffic to oil rafinery + cement factory.
) Vi i ; =

A

Langsam  Schnell
-

-----------

er Verkehr Andern

© SBB - I+ AT-IU +22.06.2012 39



K] SBB CFF FFS

Tunnel Renewal + Safety @ SBB
Tunnels du Mormont

Construction phases and track
closures for renewing of the old tunnel

Original state

© SBB - I+ AT-IU +22.06.2012 4,



Tunnel Renewal + Safety @ SBB
Tunnels du Mormont

Construction phases and track
closures for renewing of the old tunnel

Construction parallel tube

K] SBB CFF FFS
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K] SBB CFF FFS

Tunnel Renewal + Safety @ SBB
Tunnels du Mormont

Construction phases and track
closures for renewing of the old tunnel

Assaini-
ssement

Track change, transformation first
helft in existing tunnel
(freight traffic to local plant ensured)

© SBB I+ AT-IU - 22.06.2012 4,



K] SBB CFF FFS

Tunnel Renewal + Safety @ SBB
Tunnels du Mormont

Construction phases and track
closures for renewing of the old tunnel

Assaini-
ssement

TWTrx

transformation second helft in
existing tunnel
(freight traffic to local plant ensured)

© SBB - I+ AT-IU +22.06.2012 44



Tunnel Renewal + Safety @ SBB
Tunnels du Mormont

Construction phases and track
closures for renewing of the old tunnel

Final state

K] SBB CFF FFS
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K] SBB CFF FFS

Tunnel maintenance and renewal @ SBB
Tunnel inspection tools

= All mapped items are assigned to an
appropriate layer

= The inspection map provides a clear
image of the conditions of the tunnel

=  Comparing the results with former
inspections drawings and/or scans
allows to better assess the evolution
rate of observed damages

= Thermal data may help for detecting
water infiltrations and/or cavities

© SBB - I+ AT-IU +22.06.2012 45



K] SBB CFF FFS

Tunnel maintenance and renewal @ SBB
Drainage concept

2 Drainage Concepts for tunnels:

Umbrella system The drainage system should be
>+ Wwater ingress is regulated by L>. maintained always in operation

the drainage system to ensure water drainage

Waterproof system Maintain the existing

—> Under pressure, water in- —> groundwater level — max height
come is not allowed due to a of water 60 — 90 m)
360° waterproofing membrane

=>» An intermediate concept can’t be allowed: «Let’s hope»
e.g. injections to avoid water inflow = could result in filling
cavities and pipes of the existing drainage systems!

© SBB-«le AT-IU »22.06.2012 46



. K73 SBB CFF FFS
Tunnel maintenance and renewal @ SBB
Drainage Calcite deposits

drained concept > water + contact to concrete = Risk of calcites in drainage

Calcites must be removed, otherwise tube loaded, then water flew blocked:
- water pressure!

Mechanically: regular, “stress” for pipes
Track Closure, costs

Removing calcites Physically: permanent,

deposits are hindered, no / or few soft deposits.

- Maintenance + costs drastically reduced
Hardness-stabilizing: Dosage-System, see: www.mcwegmueller.com

e

24th Oct. 2011
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Final word

Thank you for your attention
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