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Introduction

World UrbanisationWorld Urbanisation
(UN Habitat, 1996)(UN Habitat, 1996)

1950: 10% of urban population (BR=38%)1950: 10% of urban population (BR=38%)
2000: 60% of urban population (BR=82%)2000: 60% of urban population (BR=82%)
Urban population rate: 60 million / yearUrban population rate: 60 million / year
2015: 10% in 26 mega2015: 10% in 26 mega--cities (18 in Asia)cities (18 in Asia)
Stabilization around 85%Stabilization around 85%
Investments in infrastructure of citiesInvestments in infrastructure of cities
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Introduction

Urban ProblemsUrban Problems
Allocation of urban space to various Allocation of urban space to various 
urban functionsurban functions
Necessity of favouring economic Necessity of favouring economic 
developmentdevelopment
Pressures on the urban environmentPressures on the urban environment
Impacts on global environmentImpacts on global environment
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Need for Urban 
Infrastructure:

Productivity
Mobility       
Storage
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Environmental Era: Quality of Life

Better living Better living 
conditionsconditions
Minimum Minimum 
environmental environmental 
impactsimpacts

Use of the surface Use of the surface 
for more noble needsfor more noble needs

Use of the Use of the 
underground space underground space 
for infrastructurefor infrastructure
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Environmental Era: Urban Trend
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Underground Structures
in Urban Areas

UN
Conclusions

Environmental
Era

Underground Solutions for Urban Problems:
Infrastructure Combining

Productivity and Quality of Life
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Demand of Urban
Underground Structures

TransportTransport
Mass Transit SystemsMass Transit Systems
Urban Motorways (city rings)Urban Motorways (city rings)
Railway LinksRailway Links

Public Utilities (water supply, sewage and Public Utilities (water supply, sewage and 
cables)cables)
City Centre RevitalisationCity Centre Revitalisation
Storage (car parking, flood control, goods)Storage (car parking, flood control, goods)
Public Buildings (leisure, cultural activities)Public Buildings (leisure, cultural activities)



112000020000China (next 20 years)China (next 20 years)
25002500JapanJapan
500500South AmericaSouth America
650650North AmericaNorth America
100100Netherlands + BelgiumNetherlands + Belgium
250250UKUK
500500Norway + Sweden + FinlandNorway + Sweden + Finland
500500Spain + PortugalSpain + Portugal
350350France + ItalyFrance + Italy
800800Austria + Switzerland + GermanyAustria + Switzerland + Germany

TotalTotalTunnels for TransportTunnels for Transport
(next 10 years)(next 10 years)
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Mass Transit Systems

More than 100 cities More than 100 cities 
predominantly undergroundpredominantly underground

CaracasCaracasVenezuelaVenezuela
MontevideoMontevideoUruguayUruguay
ArequipaArequipa, Lima, LimaPeruPeru
Guadalajara, Mexico, MonterreyGuadalajara, Mexico, MonterreyMexicoMexico
BogotaBogota, , MedellinMedellinColombiaColombia
SantiagoSantiagoChileChile

Belo Belo HorizonteHorizonte, Brasilia, , Brasilia, CuritibaCuritiba, , FortalezaFortaleza, , GoianiaGoiania, , 
Porto Porto AlegreAlegre, , RecifeRecife, Rio, Salvador, Sao Paulo, Rio, Salvador, Sao PauloBrazilBrazil

Buenos AiresBuenos AiresArgentinaArgentina
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Public Utilities
Water supplyWater supply
Flood controlFlood control
SewageSewage
CablesCables
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Water Supply and Sewage

Water supplyWater supply
PaijannePaijanne tunnel, Helsinki, Finland (120 km)tunnel, Helsinki, Finland (120 km)
Sao Paulo: 1/3 lost by leakageSao Paulo: 1/3 lost by leakage

SewageSewage
Tokyo: 15,000 km completed in 1995 (100%)Tokyo: 15,000 km completed in 1995 (100%)
Sao Paulo: 1,500 km by 2005 (80%) Sao Paulo: 1,500 km by 2005 (80%) –– 120 km 120 km 
per year (25 pipe jacking machines)per year (25 pipe jacking machines)
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City Centre 
Revitalisation

Elevated Elevated 
structuresstructures

Rails and depotsRails and depots

Car parkingCar parking
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Car Parking &
Public Building
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Sensibilities of Underground 
Structures

Construction CostsConstruction Costs
PrePre--conception that cost is too highconception that cost is too high

Work ScheduleWork Schedule
PrePre--conception that work schedule is conception that work schedule is 
too long and delaystoo long and delays

Safety and SecuritySafety and Security
Accidents during constructionAccidents during construction
OperationOperation
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Sensibilities During Construction:
Most Are Related to Geology

Cost DifficultiesCost Difficulties
Estimation of support needsEstimation of support needs

Work ScheduleWork Schedule

SafetySafety
Accidents during constructionAccidents during construction
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Underground Structures:
Favourable Factors 

Improvements of tunnel engineeringImprovements of tunnel engineering
Tunnelling knowledgeTunnelling knowledge
Tunnelling technologyTunnelling technology

High costs of the surface spaceHigh costs of the surface space
Difficulties, impacts and disturbances of Difficulties, impacts and disturbances of 
surface workssurface works
Devaluation of regions surrounding Devaluation of regions surrounding 
surface infrasurface infra--structurestructure
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Tunnelling 
Engineering and 

Technology 
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Disturbances During Construction 
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Surface Construction Costs and 
Neighbourhood  Devaluation
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Indirect Benefits of 
Urban Underground 
Infrastructure

Time SavingsTime Savings
Time is moneyTime is money

Energy SavingsEnergy Savings
Less Environmental ImpactsLess Environmental Impacts

Lower LongLower Long--Term Maintenance CostsTerm Maintenance Costs
Reliability (safety, comfort and time table)Reliability (safety, comfort and time table)
Priority of the Surface Space Use for more Priority of the Surface Space Use for more 
Noble PurposesNoble Purposes
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Global Cost Assessment

Construction versus Global cost Construction versus Global cost 
analysesanalyses

Indirect benefitsIndirect benefits
Urban reorganisation, revitalisation Urban reorganisation, revitalisation 
and revaluation of surroundingsand revaluation of surroundings

Need of a feasibility model Need of a feasibility model Best Best 
costcost--benefit investmentbenefit investment
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City Centre Revitalisation
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Sensibilities 
During 

Operation: 
Safety for 

Users
ArchitectureArchitecture
PsychologyPsychology
IlluminationIllumination
FinishingFinishing
SignallingSignalling
TrainingTraining
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Increasing demandIncreasing demand
Feasibility depends on global cost analysesFeasibility depends on global cost analyses
Construction methods and technology vary Construction methods and technology vary 
depending on geology, tunnel location, length depending on geology, tunnel location, length 
and geometry, local tradition etc.and geometry, local tradition etc.
Tunnel engineering and technology allow Tunnel engineering and technology allow 
construction in any kind of environmentconstruction in any kind of environment
Safety and security concerns during operationSafety and security concerns during operation

Final Remarks on 
Urban Underground 

Infrastructure
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