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Tight lining – the result
of an interacting system 
with several parts

− Segments/Concrete
− EPDM gasket
− Inserts and plugs
− Backfilling
− (Rock/soil mass)



Quality and thoroughness in all activities – from 
manufacturing to installed ring

− All parts of the system interact and are dependent on each other

− Design, production and installation are also dependent on and 
influence each other

− Weakest link system
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Segment design
Segment manufacturing

Logistics
Ring building

Repair
Backfilling

Inserts and plugs



Segment design



Design aspects – aiming at a tight lining

− Geological and hydrogeological conditions 
− Not only load bearing capacity

− Water seepage along the tunnel

− Geometry and ring layout

− Reinforcement
− Limit risk of cracking throughout the life of the segment (not least transport and installation)

− Inserts
− Tightness, life length

− Buildability 
− The segment design/layout must facilitate accurate and effective production

− Including backfilling

− Gaskets
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Double gaskets



Segment manufacturing











Logistics











Ring building



Good ring building is fundamental

− Starts already during design
− Guiding devices (e.g. dowels)

− Markings

− Competence and precision

− Measurements

− TBM steering
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Step
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Repair
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Backfilling



− Stable rings is a necessity

− Without a high quality backfill the rings will move and risk of 
leakage increases significantly

− The backfilling in itself is an extra barrier

− Different conditions require different backfilling solutions
− Tightness

− Surface settlements
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Why is the backfill important?
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High Speed 1 – Tunnelling under Central Line
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Wash-out

− Only minor water flow will
cause wash-out of a 
conventional two-component
mortar backfill



− Monitoring revealed that the 
lining was uplifted (all the 
way up to the roof)

− Practically no backfill left in 
some sections

− The lining was damaged

2021-06-10 NFF Temamøte 41

Uplift
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The solution

− Pea gravel (ensgradert grus) 
in combination with mortar

− In difficult situations it is 
necessary to regularly build
tight barriers
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NFF Temamøte

As Johannes said this is an

Iterative process!



Barriers at Hallandsås
Mortar & grouted pea gravel in closed mode (can also be 
done in open mode)
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Verification of backfill quality

− Normally done by quite extensive proof drilling

− But……. is it clever to drill holes through a tight barrier?



Non Destructive Testing
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Inserts and plugs
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Is it tight?



HALLANDSÅS

−Total leakage along 5.5 km segmentally lined
tunnel is 0.3 l/s

−This equals 0.33 lit/min, 100 m tunnel

−Dripping not allowed within the ” train profile”



~13 kg/m tunnel



HIGH SPEED 1

− The tunnel is still partly actively dewatered

− Exact figures on leakage in pressurized parts is not available

− Hydrotite seals or post-grouting was used to fix leakages before handover

− There are no reports on problems with leakage in HS1 tunnels

− Leakage in segmental running tunnels is not generally an issue in the UK

− Leakages in junctions and transfer zones between segmentally lined 
tunnels and SCL tunnels is a known problem



Tight lining – the result
of an interacting system 
with several parts

− Segments/Concrete
− EPDM gasket
− Inserts and plugs
− Backfilling
− (Rock/soil mass)


