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ITA ITA ActivitiesActivities onon WaterproofingWaterproofing

WG 6 WG 6 –– MaintenanceMaintenance andand RepairRepair
WgWg 12 12 –– Shotcrete UseShotcrete Use





WaterproofingWaterproofing RequirementsRequirements

More sophisticated  equipment undergroundMore sophisticated  equipment underground
More demanding publicMore demanding public
Psychological aspects of leakagesPsychological aspects of leakages
Improvement of waterproofing techniquesImprovement of waterproofing techniques

On the other handOn the other hand
Increasing costsIncreasing costs
No general solution: functionality, durability, No general solution: functionality, durability, 
environmentenvironment



Different Criteria for infiltrationDifferent Criteria for infiltration

l/ml/m22.day.day

Alp Transit: 39g/km.secAlp Transit: 39g/km.sec 0.130.13
Sweden: 2 Sweden: 2 l/min.100ml/min.100m 1.11.1

Norway (highway) 300 Norway (highway) 300 l/min.kml/min.km 1414

SãoSão Paulo SubwayPaulo Subway 1.01.0



Underground Railway SystemsUnderground Railway Systems
l/ml/m22.day (.day (HaackHaack, 1991), 1991)

shortshort longlong
Washington, D.C.Washington, D.C. 10.710.7 0.90.9
San FranciscoSan Francisco 0.90.9
AtlantaAtlanta 0.90.9
BostonBoston 1.81.8
BaltimoreBaltimore 5.35.3 0.70.7
BuffaloBuffalo 0.40.4 0.20.2
Melbourne Melbourne 0.250.25 0.10.1
AntwerpAntwerp 0.250.25 0.10.1



Norwegian Norwegian SubseaSubsea Bored TunnelsBored Tunnels





Stop Criteria for Cement GroutingStop Criteria for Cement Grouting
(Gustafson & (Gustafson & StilleStille, 2005), 2005)



Norwegian Operational ExperienceNorwegian Operational Experience
(ITA Open Session, 2005)(ITA Open Session, 2005)

Water ingress reduced by up to 50% (selfWater ingress reduced by up to 50% (self--
healing)healing)
Algae growth in some tunnelsAlgae growth in some tunnels
Periodical replacement of installationsPeriodical replacement of installations
Yearly maintenance cost: 1 Yearly maintenance cost: 1 -- 1.5% of 1.5% of 
investmentinvestment
Investment: US$ 6,000.00 Investment: US$ 6,000.00 –– 10,000.00  10,000.00  
(2(2-- or 3or 3--lane tunnels)lane tunnels)



Damaging Effects of Water on Damaging Effects of Water on 
Tunnels (ITA WG 6)Tunnels (ITA WG 6)

17 types of defects and remedial measures17 types of defects and remedial measures

Corrosion of internal fittingsCorrosion of internal fittings
Frost damageFrost damage
Erosion of mortarErosion of mortar
Corrosion of reinforcementCorrosion of reinforcement
Degradation of concreteDegradation of concrete
Swelling soilSwelling soil
etcetc

(chemically aggressive water)(chemically aggressive water)



WaterWater InflowInflow x x DurabilityDurability
FlowFlow raterate
ChemicalChemical aggressivityaggressivity

Ex:Ex:
–– KanmonKanmon StraitStrait TunnelsTunnels

((concreteconcrete, , seasea waterwater; ; 
MiyaguchiMiyaguchi, 1986), 1986)

–– CastCast ironiron segmentalsegmental lininglining



Shotcrete for Final LiningShotcrete for Final Lining

Material requirementsMaterial requirements
Less materialLess material
Concept of rock reinforcement Concept of rock reinforcement vsvs rock rock 
supportsupport
““design attitudedesign attitude””



DesignDesign
ITA WG 12 ITA WG 12 ““Shotcrete for Rock Shotcrete for Rock 

SupportSupport””, 2004, 2004
““The contributions from different countries illustrate The contributions from different countries illustrate 

well the widely different views on rock support well the widely different views on rock support 
design. This becomes especially evident when design. This becomes especially evident when 
comparing sometimes the overcomparing sometimes the over--conservative cast conservative cast 
in place concrete linings with what evidently is in place concrete linings with what evidently is 
satisfactory support under similar conditions using satisfactory support under similar conditions using 
shotcrete. There are many examples of thickness shotcrete. There are many examples of thickness 
reduction from one meter down to 10 to 15 cm of reduction from one meter down to 10 to 15 cm of 
shotcreteshotcrete””

K. K. GarsholGarshol



Paulo Afonso IVPaulo Afonso IV

34 m
Concreto:
Espessura de 1 a 1,8 m



Paulo Afonso IVPaulo Afonso IV
Re Re etet alal. (1982). (1982)

27 m

Shotcrete:
10  to15 cm 
thickness



USINA DE PAULO AFONSO IIIUSINA DE PAULO AFONSO III



USINA DE PAULO AFONSO IVUSINA DE PAULO AFONSO IV



SingleSingle shellshell lininglining in in GermanyGermany
SingleSingle--tracktrack tunnelstunnels ((PPööttlerttler & & KlapperichKlapperich, 2001), 2001)

Year 1981-1983 1982 1984-1987 1987-1989
Ground S/M S/M M C
Pressure (bar) 0.5 0.5 0.5 0.6
Thickness (cm) 37 25 39 40

Year 1987-1989 1989-1990 1989-1992 1981 1991
Ground C M M M G/M
Pressure (bar) 0.6 0 1.2 0.5 0
Thickness (cm) 25 40 55 30 35

C - claystone
M - marl
S - sandstone



CommentsComments byby PPööttlerttler & & KlapperichKlapperich, , 
20012001

10 10 -- 15% 15% savingssavings duedue to to singlesingle shellshell conceptconcept

ScatteredScattered considerationsconsiderations aboutabout loadload onon thethe
secondsecond layerlayer: : fullfull loadload to to partialpartial loadload

DifferentDifferent design design philosophyphilosophy →→ eveneven more more 
significantsignificant savingssavings



SingleSingle shellshell lininglining in São Pauloin São Paulo
SingleSingle tracktrack tunnelstunnels

YearYear: : sincesince 19811981

GroundGround: : stiffstiff clayclay withwith waterwater--bearingbearing sandsand layerslayers

PressurePressure: 0.5 to 2.0 bar: 0.5 to 2.0 bar

Total Total thicknessthickness: 20 to 25 cm : 20 to 25 cm 



Shotcrete Shotcrete lininglining for for thethe São São 
Paulo Paulo SubwaySubway

t = 0.25 m
p = 2 bar

t = 0.40 m
p = 0.7 bar

t = 0.25 m
p = 2 bar

t = 0.25 m
p = 0.5 bar



Opinions from National GroupsOpinions from National Groups

Conflicting opinionsConflicting opinions
Different technical culturesDifferent technical cultures
Role of information exchangeRole of information exchange
Technology propertyTechnology property



1988 ITA Congress on Tunnels and 1988 ITA Congress on Tunnels and 
WaterWater

SchryerSchryer ((GermayGermay): shotcrete shells not ): shotcrete shells not 
suitable for zones more than 10m below suitable for zones more than 10m below 
waterwater

AstadAstad & & HeimliHeimli (Norway): shotcrete (Norway): shotcrete 
considered watertight for practical purposesconsidered watertight for practical purposes

Current shotcrete technology: low hydration Current shotcrete technology: low hydration 
heal cement, additives for low porosity:  heal cement, additives for low porosity:  
k~10k~10--1414m/sm/s



APPROXIMATE  EQUIVALENT  SYSTEMAPPROXIMATE  EQUIVALENT  SYSTEM
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Approximate expression for lining Approximate expression for lining 
permeabilitypermeability
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ZUQUIM TUNNELS
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Drained TunnelsDrained Tunnels



Overview of Waterproofing Techniques: Overview of Waterproofing Techniques: 
DrainageDrainage

Lemke Lemke et alet al., 2005., 2005



Cost of drained and watertight tunnel Cost of drained and watertight tunnel 
((Stans/TerfensStans/Terfens Tunnel, Tunnel, InsamInsam et alet al., 2005)., 2005)



The EndThe End


