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hi i l d i ihi i l d i ia historical depictiona historical depiction

THE ECONOMY OF UTILITYTUNNELSTHE ECONOMY OF UTILITYTUNNELSTHE ECONOMY OF UTILITYTUNNELSTHE ECONOMY OF UTILITYTUNNELS
understanding the LCunderstanding the LC costs of urban developmentcosts of urban development

PERFORMANCE OF UTILITYTUNNELSPERFORMANCE OF UTILITYTUNNELS
methods and materialsmethods and materials

& how they hold up over time& how they hold up over time

ATTACHMENT:ATTACHMENT: COMPREHENDING DIVERSITYCOMPREHENDING DIVERSITY
l i d f l i f ld f kl i d f l i f ld f ka multitude of solutions for world of tasksa multitude of solutions for world of tasks

INTRODUCTIONINTRODUCTION22

Re-Mixing the City
14-16 May 2012    Schwechat, Austria

UTILITYUTILITY TUNNELSTUNNELS
PROVENPROVEN SUSTAINABILITYSUSTAINABILITY ABOVEABOVE ANDAND BELOWBELOW GROUNDGROUND

uutilitytility tunnels & their sustainable application !tunnels & their sustainable application !



Climate ChangeClimate Change
International Panel on Climate ChangeInternational Panel on Climate Change

(IPCC) Report 2007(IPCC) Report 2007(IPCC) Report 2007(IPCC) Report 2007
Climate Change is HERE!
So how is our future going to be?
News Last Week:
1. GlobalTemperature = +21. GlobalTemperature = +2°° in 2050in 20501. GlobalTemperature +21. GlobalTemperature +2 in 2050in 2050
now expectednow expected –– not in 2100not in 2100 –– reactreact
now immediately or accept thenow immediately or accept the
consequences.consequences. ("2052 A Forecast for the
Next Forty Years" byJorgen Randers Club of
Rome)

N A t ti I Sh lf M ltiN A t ti I Sh lf M lti2. New Antarctic Ice Shelf Melting2. New Antarctic Ice Shelf Melting
Mechanism discoveredMechanism discovered –– much fastermuch faster
melting processes and glaciers speedsmelting processes and glaciers speeds
sliding off Antarctica are nowsliding off Antarctica are now
expectedexpected (Alfred Wegener Institute for Polar
and Ocean Science – Bremerhafen / Germany)

G8 commitment as given in 2007
now no longer achievable ?!and Ocean Science – Bremerhafen / Germany)

Source:
International Panel on Climate Change(IPCC) – WMO /
UNEP; “Climate Change 2007”;
ISBNs: 978 0521 88009 1; 70596 7; 88010 7; 70597 4;
88011 4; 70598 1 http://www.ipcc.ch
(last access 21.09.2009)
h // l b f d / k ll h l (l

now no longer achievable ?!

http://www.clubofrome.de/aktuelles.html (last access
15.05.2012)
“Klimawissenschaftler entdecken neue
Schwachstelle des antarktischen Eisschildes“
http://www.awi.de/de/aktuelles_und_presse/pressemit
teilungen/detail/item/climate_scientists_discover_new
_weak_point_of_the_antarctic_ice_sheet/?cHash=c392
d d f b bb l6d4358d21e4cf4b63315ac3761bb (last access

15.05.2012)
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Climate ChangeClimate Change
International Panel on ClimateInternational Panel on Climate

Change (IPCC) Report 2007Change (IPCC) Report 2007
Climate Change is HERE!
A closer look at the consequences
to our lives!to our lives!
Any temperature change above
(maybe at) 2°C has likely serious
consequences on a SPECIES level !
And this meansAnd this means

If we continue toIf we continue to
think this is just athink this is just aAnd this meansAnd this means

the HUMAN SPECIES !!the HUMAN SPECIES !!
think this is just athink this is just a

politicalpolitical mindgamemindgame
and continue toand continue to

squander our timesquander our time

S

squander our timesquander our time

Source:
International Panel on Climate Change(IPCC) –
WMO / UNEP; “Climate Change 2007”;
ISBNs: 978 0521 88009 1; 70596 7; 88010 7;
70597 4; 88011 4; 70598 1 http://www.ipcc.ch
(last access 21.09.2009)
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Climate ChangeClimate Change
International Panel on ClimateInternational Panel on Climate

Change (IPCC) Report 2007Change (IPCC) Report 2007
Climate Change is HERE!
A closer look at the consequences
to our lives!to our lives!
Any temperature change above
(maybe at) 2°C has likely serious
local consequences on a SPECIES
level !level !

Effects and
Politics:

Plus for the
HAVES

Source:
International Panel on Climate Change(IPCC) –
WMO / UNEP; “Climate Change 2007”;
ISBNs: 978 0521 88009 1; 70596 7; 88010 7;

G8 commitment

Minus for the
HAVENOTS

70597 4; 88011 4; 70598 1 http://www.ipcc.ch
(last access 21.09.2009)
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Climate ChangeClimate Change
International Panel on ClimateInternational Panel on Climate

Change (IPCC) Report 2007Change (IPCC) Report 2007
Climate Change is HERE!
The Models are very well verified
to observationsto observations

Source:
International Panel on Climate Change(IPCC) –
WMO / UNEP; “Climate Change 2007”;
ISBNs: 978 0521 88009 1; 70596 7; 88010 7;
70597 4; 88011 4; 70598 1 http://www.ipcc.ch
(last access 21.09.2009)
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The Squandering of OurThe Squandering of Our
InheritanceInheritance

Energy Use of the WorldEnergy Use of the World
climate relevant energy sources:

91.2% (81.4%)
l b f t i lloss by energy use of raw material
resources each year:
~ 14 non energy use materiel
supply years
loss by burning of total non
renewable petro chemical raw
material resources each year:
~ 18 non energy use materiel
supply years

Source: see diagram
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The Squandering of OurThe Squandering of Our
InheritanceInheritance

Energy Use of the WorldEnergy Use of the World
climate relevant energy sources:

91.2% (81.4%)
l b f t i lloss by energy use of raw material
resources each year:
~ 14 non energy use materiel
supply years
loss by burning of total non
renewable petro chemical raw
material resources each year:
~ 18 non energy use materiel
supply years

total world energytotal world energy
system losses:system losses:system losses:system losses:
estimated 62%estimated 62%

Source: see diagram
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WHAT IS A UTILITYTUNNEL ?WHAT IS A UTILITYTUNNEL ?WHAT IS A UTILITYTUNNEL ?WHAT IS A UTILITYTUNNEL ?
a historical depictiona historical depiction

UtilityTunnelsUtilityTunnels the 2012 Statusthe 2012 Status99
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uutilitytility ttunnelsunnels builtbuilt –– since 1866since 1866
The first Mega Cities reacting to social crisisHamburg 1892

Paris 19th cent.

The first Mega Cities reacting to social crisis
cholera, typhoid and the beginning of modern sanitation
technology
Reacting to nature
Japan searches forParis 19th cent.

London 
1866

19th cent.

Japan searches for
earthquake proof
solutions

Collective
Moscow 1935

Kiev 1948 Zürich
1992

Ulm

Speyer 2004
vaulted fiber

reinforced

Collective
technology
in collective

societies
the East goes

Seattle
20th cent.

Madrid 1941

Bratislava 1994

Ulm
1985

reinforced
Lauchheim concrete

1995
PEHD

Fahrland 1994
corrugated steel

the East goes
precast with

varied success,
the West goes to

universities and overboard

Tokyo 1963

Suhl 
1967

corrugated steel
(zinc galvanized)

Wachau 1993
in complexity?

Refurbishing cities
keeping inner cities alive through redevelopment

DevelopingTechnologies

WHAT IS A UTILITYTUNNEL ?WHAT IS A UTILITYTUNNEL ?1010

Moscow 1970 DevelopingTechnologies
seizing creative oportunities in difficult times
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THE ECONOMY OF UTILITYTUNNELSTHE ECONOMY OF UTILITYTUNNELSTHE ECONOMY OF UTILITYTUNNELSTHE ECONOMY OF UTILITYTUNNELS
understanding the LCunderstanding the LC costs of urban developmentcosts of urban development

UtilityTunnelsUtilityTunnels for how much ?for how much ?1111
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For Example:
In year 40 of a road lifeIn year 40 of a road life
it will have 2 pipe damages
and repair construction
points per km.p p

Overall it will have
accumulated ~ 30 to 34 repair
or refurbishing works tog
rectify damages or make
changes along each road km
during these
40 years

THE ECONOMY OF UTILITYTUNNELSTHE ECONOMY OF UTILITYTUNNELS1212
Sources: pictures © & data: alc UG(hb) – POET GmbH
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For Example:
In year 40 of a road lifeIn year 40 of a road life
it will have 2 pipe damages
and repair construction
points per km.p p

Overall it will have
accumulated ~ 30 to 34 repair
or refurbishing works tog
rectify damages or make
changes along each road km
during these
40 years

THE ECONOMY OF UTILITYTUNNELSTHE ECONOMY OF UTILITYTUNNELS1313
Sources: pictures © & data: alc UG(hb) – POET GmbH

Re-Mixing the City
14-16 May 2012    Schwechat, Austria

UTILITYUTILITY TUNNELSTUNNELS
PROVENPROVEN SUSTAINABILITYSUSTAINABILITY ABOVEABOVE ANDAND BELOWBELOW GROUNDGROUND

understanding the performance of buried linesunderstanding the performance of buried lines
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Developing Concepts forDeveloping Concepts for
Humane CitiesHumane Cities

Understanding our currentUnderstanding our current
systems performancesystems performanceHumane CitiesHumane Cities systems performancesystems performance

1414 THE ECONOMY OF UTILITYTUNNELSTHE ECONOMY OF UTILITYTUNNELS
Sources: pictures © & data: alc UG(hb) – POET GmbH
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THE ECONOMY OF UTILITYTUNNELSTHE ECONOMY OF UTILITYTUNNELS1515
Sources: pictures © & data: alc UG(hb) – POET GmbH
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THE ECONOMY OF UTILITYTUNNELSTHE ECONOMY OF UTILITYTUNNELS1616
Sources: pictures © & data: alc UG(hb) – POET GmbH
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utility tunnels in the legal network

client
land owner

old new
land user

l t t lli d i t

identity or
rental, leasing, or sales
contracts

connection construction contract

connection & supply contracts

sales contracts, parcelling and zoning acts,
rehabilitation acts, development cost sharing

co-operation contracts on
ownership construction and/or operation

development cost balancing

private investorcommunity utility companies & operators
without client connect.:

street lighting
traffic management

with client connection:

electricity 110V- 20kV
telecommunication

utility suppliers & operators

ownership, construction and/or operation traffic management
police / fire brigade
electricity > 20kV
industrial lines & pipes

telecommunication
potable & industr. water
sewage & runoff water
district heating, gas
computer networksUTILITY TUNNEL

owner
utilization maintenance construction contracts

supply route
consulting contract

insurance brooker

insurance contracts

external services

builder operator

trustee licence operation licence

transfer
contract

constructionconsulting

bank

credit & financing contracts

contracts

specialists

contracts

mainte-
nance
contractsconsulting

legende:
contracts

 - mandatorry

 - optional

legal or natural person

subject
of
contract

description of personconstruction
contracts

pipelines & cables

utility tunnel

earth works

construction corp.consulting

marketing

financing

planning &
construction

pipeline installation

electric installation

safety technology

consulting
contract

engineering contract

or
group od persons

functional grouping

description of person

description of group

functional

person person

THE ECONOMY OF UTILITYTUNNELSTHE ECONOMY OF UTILITYTUNNELS1717

pipelines & cablesconstruction external material services description

Sources: pictures © & data: alc UG(hb) – POET GmbH
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Summary on sustainable urban construction:Summary on sustainable urban construction:
O t b i d t f l bl dO t b i d t f l bl d1.1.Our current buried systems are far more vulnerable andOur current buried systems are far more vulnerable and
less dependable than is assumedless dependable than is assumed

2.2.Construction at utilities & utility down times have aConstruction at utilities & utility down times have a2.2.Construction at utilities & utility down times have aConstruction at utilities & utility down times have a
significant economic ripple effect in the productive urbansignificant economic ripple effect in the productive urban
economyeconomy –– and can KILL businesses !and can KILL businesses !

3.3.Conventional utility lines are MURDER on road surfacesConventional utility lines are MURDER on road surfaces
4.4.The higher CAPEX of Utility Tunnels is in many casesThe higher CAPEX of Utility Tunnels is in many cases

recovered already by the higher construction speed andrecovered already by the higher construction speed andrecovered already by the higher construction speed andrecovered already by the higher construction speed and
the faster area marketing or minimized business impactthe faster area marketing or minimized business impact

5.5.Utility Tunnels are operational assetsUtility Tunnels are operational assets –– their OPEX istheir OPEX is5.5.Utility Tunnels are operational assetsUtility Tunnels are operational assets their OPEX istheir OPEX is
chargeable to both service providers and the connectedchargeable to both service providers and the connected

6.6.Utility Tunnels must be managed both in their creationUtility Tunnels must be managed both in their creation
and in their maintenanceand in their maintenance –– they require joint coordinationthey require joint coordination

ECONOMIC URBAN DEVELOPMENTECONOMIC URBAN DEVELOPMENT1818
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PERFORMANCE OFPERFORMANCE OF UTILITYTUNNELSUTILITYTUNNELS
methods and materialsmethods and materialsmethods and materialsmethods and materials

& how they hold up over time& how they hold up over time

The how to why & what of UTsThe how to why & what of UTs1919
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Understanding theUnderstanding the
Utility Tunnel hull systemUtility Tunnel hull system

Building a “Hole in theBuilding a “Hole in the
Ground” called UtilityTunnelGround” called UtilityTunnel Utility Tunnel hull systemUtility Tunnel hull system

Compile the capacity requirements &Compile the capacity requirements &
develop optimized dimensionsdevelop optimized dimensions

Ground called UtilityTunnelGround called UtilityTunnel

p pp p

Understand the geometric situationUnderstand the geometric situation
above and below groundabove and below ground

Define the loads and performanceDefine the loads and performance
characteristics of the structurecharacteristics of the structure

Consider your construction time targetConsider your construction time targetConsider your construction time targetConsider your construction time target

2020
Sources: pictures ©: POET GmbH
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Building a “Hole in theBuilding a “Hole in the
Ground” called UtilityTunnelGround” called UtilityTunnel

Understanding theUnderstanding the
Utility TunnelUtility Tunnel steel hullsteel hullGround called UtilityTunnelGround called UtilityTunnel Utility TunnelUtility Tunnel steel hullsteel hull

A puzzle with thousands of parts:A puzzle with thousands of parts:
Gives amazingGives amazing flexibilityflexibility in shape andin shape andgg yy pp

situation adaptationsituation adaptation
Has a medium to high constructionHas a medium to high construction speedspeed
Is cost dependant on the world steelIs cost dependant on the world steel priceprice

marketmarketmarketmarket
Performance and lifetimePerformance and lifetime dependant ondependant on

the production qualitythe production quality of theof the
galvanization or paint and the propergalvanization or paint and the proper
b kfill ib kfill ibackfill compactionbackfill compaction

light weight & easy transportablelight weight & easy transportable
HasHas many jointsmany joints and requires highand requires high

quality joint manufacture and sealingquality joint manufacture and sealingquality joint manufacture and sealingquality joint manufacture and sealing
Needs a highNeeds a high quality of designquality of design, pre, pre

planning and preplanning and pre manufacturingmanufacturing
Good heat & electricityGood heat & electricity ConducterConducter

PERFORMANCE OF UTILITYTUNNELSPERFORMANCE OF UTILITYTUNNELS2121
Sources: pictures © & data: alc UG(hb)

Builds an electricalBuilds an electrical Faradays’ cageFaradays’ cage
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Building a “Hole in theBuilding a “Hole in the
Ground” called UtilityTunnelGround” called UtilityTunnel

Understanding theUnderstanding the
Utility Tunnel PEHD hullUtility Tunnel PEHD hullGround called UtilityTunnelGround called UtilityTunnel Utility Tunnel PEHD hullUtility Tunnel PEHD hull

A puzzle with hundreds of parts:A puzzle with hundreds of parts:
Gives amazingGives amazing flexibilityflexibility in shape andin shape andgg yy pp

situation adaptationsituation adaptation
Has a very high constructionHas a very high construction speedspeed
Is cost dependant on the world oilIs cost dependant on the world oil priceprice

marketmarketmarketmarket
Performance and lifetime dependant on thePerformance and lifetime dependant on the

quality of the backfill compactionquality of the backfill compaction
and shouldn’t be stored long in openand shouldn’t be stored long in open
didi li htli ht d hd hdirectdirect sunlightsunlight and heatand heat

light weightlight weight high transport volumehigh transport volume
Has only welded joints and isHas only welded joints and is fully sealedfully sealed
N d hi hN d hi h quality of designquality of designNeeds a highNeeds a high quality of designquality of design, pre, pre

planning and preplanning and pre manufacturingmanufacturing
Poor heat & electricityPoor heat & electricity conducterconducter
BuildsBuilds no Faradays’ cageno Faradays’ cage electricallyelectrically

PERFORMANCE OF UTILITYTUNNELSPERFORMANCE OF UTILITYTUNNELS2222
Sources: pictures © & data: alc UG(hb)
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Building a “Hole in theBuilding a “Hole in the
Ground” called UtilityTunnelGround” called UtilityTunnel

Understanding the UtilityUnderstanding the Utility
TunnelTunnel fibrefibre concrete hullconcrete hullGround called UtilityTunnelGround called UtilityTunnel TunnelTunnel fibrefibre concrete hullconcrete hull

Creating preCreating pre cast quality incast quality in situ:situ:
Has aHas a machine determined crossmachine determined cross

sectionsection and requiresand requires extraextra
structuresstructures at bends and cross sectionsat bends and cross sections

Has a medium constructionHas a medium construction speedspeed
I d d h ld ilI d d h ld ilIs cost not dependant on the world oil orIs cost not dependant on the world oil or

steelsteel priceprice marketsmarkets
Is performance and lifetime dependant onIs performance and lifetime dependant on

thethe quality of the concretequality of the concrete, fiber, fiberq yq y ,,
additives and curing processadditives and curing process

Very heavyVery heavy
Has test sealHas test seal band joints and is fullyband joints and is fully

sealedsealedsealedsealed
Needs a lowNeeds a low quality of designquality of design and preand pre

planningplanning no preno pre manufacturingmanufacturing
Poor heat & electricityPoor heat & electricity conducterconducter

PERFORMANCE OF UTILITYTUNNELSPERFORMANCE OF UTILITYTUNNELS2323
Sources: pictures ©: POET GmbH, Carl Dupré GmbH

yy
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Building a “Hole in theBuilding a “Hole in the
Ground” called UtilityTunnelGround” called UtilityTunnel

Understanding the UtilityUnderstanding the Utility
Tunnel end user connectionsTunnel end user connectionsGround called UtilityTunnelGround called UtilityTunnel Tunnel end user connectionsTunnel end user connections

Connecting the users:Connecting the users:
Understand the realUnderstand the real end user demandend user demand

expectationexpectation
prepre planningplanning of preof pre fabricated utilityfabricated utility

tunnel elementstunnel elements
Provide for the futureProvide for the future dditi ldditi lProvide for the futureProvide for the future additionaladditional

services or demand changesservices or demand changes
Should provide forShould provide for connectionconnection

modification without diggingmodification without digging iningg ggg g
the public road space => hull pipes to thethe public road space => hull pipes to the
propertiesproperties

Can be inCan be in separate or combinedseparate or combined utilityutility
connectors to the propertiesconnectors to the propertiesco ecto s to t e p ope t esco ecto s to t e p ope t es

ShouldShould not connect buildingsnot connect buildings in anin an
unsecured walkunsecured walk able or crawlable or crawl able wayable way

Require coordinationRequire coordination in regard toin regard to
internal main line placing of ser icesinternal main line placing of ser ices

PERFORMANCE OF UTILITYTUNNELSPERFORMANCE OF UTILITYTUNNELS2424
Sources: pictures ©: alcUG(hb), POET GmbH, Carl Dupré GmbH
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Building a “Hole in theBuilding a “Hole in the
Ground” called UtilityTunnelGround” called UtilityTunnel

Understanding theUnderstanding the
Utility Tunnel access pointsUtility Tunnel access pointsGround called UtilityTunnelGround called UtilityTunnel Utility Tunnel access pointsUtility Tunnel access points

Getting people and material in and out:Getting people and material in and out:
There is a requirement forThere is a requirement for main accessmain accessqq

pointspoints and secondary andand secondary and emergencyemergency
escape pointsescape points

How does one getHow does one get standard pipestandard pipe
l thl th i ili l ?i ili l ?lengthslengths into a utility tunnel ?into a utility tunnel ?

There are utility tunnelsThere are utility tunnels withwith internal fireinternal fire
wallswalls and suchand such withoutwithout

Utility tunnelUtility tunnel access must beaccess must beUtility tunnelUtility tunnel access must beaccess must be
restricted and controlledrestricted and controlled

Consider theConsider the internal ventilationinternal ventilation ––
surface exhaust gases must not besurface exhaust gases must not be
allowed to enterallowed to enter

All openings need to beAll openings need to be rodentrodent
protectedprotected –– in certain cases alsoin certain cases also
barriers againstbarriers against snakes and insectssnakes and insects

PERFORMANCE OF UTILITYTUNNELSPERFORMANCE OF UTILITYTUNNELS2525
Sources: pictures ©: alcUG(hb), POET GmbH

barriers againstbarriers against snakes and insectssnakes and insects
are neededare needed
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Building a “Hole in theBuilding a “Hole in the
Ground” called UtilityTunnelGround” called UtilityTunnel

Understanding theUnderstanding the
Utility Tunnel outfittingUtility Tunnel outfittingGround called UtilityTunnelGround called UtilityTunnel Utility Tunnel outfittingUtility Tunnel outfitting

Installing the pipes and cables:Installing the pipes and cables:
TheThe easy part is the straighteasy part is the straight ununy p gy p g

interrupted stretchinterrupted stretch
But there areBut there are main connection pointsmain connection points

–– e.g. for 18 kV lines to transformere.g. for 18 kV lines to transformer
stationsstations

AndAnd utility tunnel intersectionsutility tunnel intersections ––
that need to be walkthat need to be walk ableable

And for real maintenance there areAnd for real maintenance there are
internal light and control systemsinternal light and control systemsinternal light and control systemsinternal light and control systems

So how do weSo how do we mount allmount all these elements ?these elements ?
And how doAnd how do they movethey move ??
And whatAnd what effectseffects can they havecan they have on eachon eachAnd whatAnd what effectseffects can they havecan they have on eachon each

otherother ??
So how do weSo how do we arrange themarrange them to create anto create an

efficientefficient use of the available space anduse of the available space and

PERFORMANCE OF UTILITYTUNNELSPERFORMANCE OF UTILITYTUNNELS2626
Sources: pictures ©: alcUG(hb), POET GmbH
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AddaptingAddapting a “Hole in thea “Hole in the
Ground” called UtilityTunnelGround” called UtilityTunnel

Understanding theUnderstanding the
Utility Tunnel applicationUtility Tunnel applicationGround called UtilityTunnelGround called UtilityTunnel Utility Tunnel applicationUtility Tunnel application

Installing the pipes and cables:Installing the pipes and cables:
Many situations = manyMany situations = many differentdifferenty yy y

solutionssolutions
UnderstandingUnderstanding the complexitythe complexity ofof

interactions, interference, safety,interactions, interference, safety,
it d ti l t bilitit d ti l t bilitsecurity and operational stabilitysecurity and operational stability

to achieve optimized supply and retainto achieve optimized supply and retain
maximum flexibility for change in themaximum flexibility for change in the
futurefuture
C ti t i blC ti t i blCreating a sustainableCreating a sustainable
technologytechnology

PERFORMANCE OF UTILITYTUNNELSPERFORMANCE OF UTILITYTUNNELS2727
Sources: pictures ©: alcUG(hb), POET GmbH, Carl Dupré GmbH
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Constructing a “Hole in theConstructing a “Hole in the
Ground” called UtilityTunnelGround” called UtilityTunnel

The Reality ofTime & Life:The Reality ofTime & Life:
>The Unexpected>The UnexpectedGround called UtilityTunnelGround called UtilityTunnel >The Unexpected>The Unexpected

UtilityTunnel on the move:UtilityTunnel on the move:
A sealed UT floats like a submarineA sealed UT floats like a submarine
Understand yourUnderstand your construction environmentconstruction environment

and its hazardsand its hazards and understand yourand understand your
constructionconstruction processprocess and their interdependenceand their interdependence

ThisThis UT under construction was movedUT under construction was moved upupThisThis UT under construction was movedUT under construction was moved upup
to 0.8 m sideways over a length of ~ 120 m by ato 0.8 m sideways over a length of ~ 120 m by a
differential water pressure of 0.1 bar (1 m water)differential water pressure of 0.1 bar (1 m water)
between both sides of the construction ditchbetween both sides of the construction ditch
during aduring a rain eventrain event
hhWhyWhy because it had a double folded segregationbecause it had a double folded segregation
plastic foil between it and the lean concrete base,plastic foil between it and the lean concrete base,
to ensure later earthquake movement flexibilityto ensure later earthquake movement flexibility
One plastic layer would have been enough butOne plastic layer would have been enough but
would have meant to cut the plastic lengthwisewould have meant to cut the plastic lengthwisep gp g

ResultResult the outside water seals eitherthe outside water seals either
disconnected from the concrete or rippeddisconnected from the concrete or ripped
completely on more than 50% of the jointscompletely on more than 50% of the joints
between moved UT segments and needed to bebetween moved UT segments and needed to be
repaired and a permanent kink in the UTrepaired and a permanent kink in the UT

PERFORMANCE OF UTILITYTUNNELSPERFORMANCE OF UTILITYTUNNELS2828

repaired, and a permanent kink in the UTrepaired, and a permanent kink in the UT
remainedremained
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Maintaining a “Hole in theMaintaining a “Hole in the
Ground” called UtilityTunnelGround” called UtilityTunnel

The Reality ofTime & Life:The Reality ofTime & Life:
>The Expected>The ExpectedGround called UtilityTunnelGround called UtilityTunnel >The Expected>The Expected

Corrosion and Degradation:Corrosion and Degradation:
Revisiting the systems build between 1991Revisiting the systems build between 1991

d i dd i d l fl fand 1995 in 2007 and 2012and 1995 in 2007 and 2012 –– only fewonly few
points ofpoints of corrosioncorrosion could be found:could be found:
Cable trays on cement crossingCable trays on cement crossing crawlablecrawlable
side connectorsside connectors –– only directly in crossingonly directly in crossing
Emergency exit door hingeEmergency exit door hinge pinspins

Localized evidence ofLocalized evidence of water incursionwater incursion
was seen and found to be either stillwas seen and found to be either still fromfrom
constructionconstruction or due to faultyor due to faulty maintenancemaintenanceyy
proceduresprocedures, NOT due to pipe faults, NOT due to pipe faults

No general degradation of buildingNo general degradation of building
or installations could be foundor installations could be found

PERFORMANCE OF UTILITYTUNNELSPERFORMANCE OF UTILITYTUNNELS2929
Sources: pictures ©: alcUG(hb), POET GmbH, 2012 picture with the permission of EGW – Markkleeberg GmbH and Energie und Wasser Potsdam GmbH
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Maintaining a “Hole in theMaintaining a “Hole in the
Ground” called UtilityTunnelGround” called UtilityTunnel

The Reality ofTime & Life:The Reality ofTime & Life:
>The Expectable ?>The Expectable ?Ground called UtilityTunnelGround called UtilityTunnel >The Expectable ?>The Expectable ?

Vandalism and Access Protection:Vandalism and Access Protection:
Many UT have problems with casualMany UT have problems with casual

d li & i id li & i ivandalism & intrusionvandalism & intrusion
Unprotected or easily detectable elementsUnprotected or easily detectable elements

like theselike these Emergency ExitsEmergency Exits and theand the
outside drainage control shaft will andoutside drainage control shaft will andgg
have been abusedhave been abused –– need to beneed to be
hidden, secured & monitoredhidden, secured & monitored
2009 a lot of small rubbish dumped in2009 a lot of small rubbish dumped in ––
2012 additional longer wood pieces2012 additional longer wood pieces2012 additional longer wood pieces2012 additional longer wood pieces
thrown on topthrown on top –– virtuallyvirtually uncleanableuncleanable

GraphityGraphity is alsois also inside the UTinside the UT –– soso
unauthorized intrusion has taken placeunauthorized intrusion has taken place

PERFORMANCE OF UTILITYTUNNELSPERFORMANCE OF UTILITYTUNNELS3030
Sources: pictures ©: alcUG(hb), POET GmbH, 2012 pictures with the permission of Energie und Wasser Potsdam GmbH
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Maintaining a “Hole in theMaintaining a “Hole in the
Ground” called UtilityTunnelGround” called UtilityTunnel

The Reality ofTime & Life:The Reality ofTime & Life:
>The Unexpected>The UnexpectedGround called UtilityTunnelGround called UtilityTunnel >The Unexpected>The Unexpected

Water were non should be I:Water were non should be I:
When Information gets lostWhen Information gets lost betweenbetweengg

design & construction and operationsdesign & construction and operations ––
maintenance can’t happen and damagemaintenance can’t happen and damage
develops unnecessarilydevelops unnecessarily

As yet no damage to UT & systemsAs yet no damage to UT & systemsy g yy g y

UT buoyancy
safety volume &

dground water
protection

PERFORMANCE OF UTILITYTUNNELSPERFORMANCE OF UTILITYTUNNELS3131
Sources: pictures ©: alcUG(hb), POET GmbH, 2012 picture with the permission of Energie und Wasser Potsdam GmbH
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Maintaining a City above theMaintaining a City above the
“Hole in the Ground”“Hole in the Ground”

The Reality ofTime & Life:The Reality ofTime & Life:
>The Expected>The Expected

Pristine Surfaces after 18Years:Pristine Surfaces after 18Years:
Where Urban Coordination really savesWhere Urban Coordination really saves

NO DIGGING UP PIPESNO DIGGING UP PIPES

Hole in the GroundHole in the Ground >The Expected>The Expected

moneymoney –– NO DIGGING UP PIPESNO DIGGING UP PIPES

PERFORMANCE OF UTILITYTUNNELSPERFORMANCE OF UTILITYTUNNELS3232
Sources: pictures ©: alcUG(hb), POET GmbH

Re-Mixing the City
14-16 May 2012    Schwechat, Austria

UTILITYUTILITY TUNNELSTUNNELS
PROVENPROVEN SUSTAINABILITYSUSTAINABILITY ABOVEABOVE ANDAND BELOWBELOW GROUNDGROUND

how they hold up over timehow they hold up over time
33



Maintaining a City above theMaintaining a City above the
“Hole in the Ground”“Hole in the Ground”

The Reality ofTime & Life:The Reality ofTime & Life:
>The Unexpected>The UnexpectedHole in the GroundHole in the Ground >The Unexpected>The Unexpected

Water were non should be II:Water were non should be II:
When Urban Coordination looses the knowWhen Urban Coordination looses the know

l d b il d b iledge about its own systemsledge about its own systems strangestrange
things happen e.g.things happen e.g. a swimming poola swimming pool
and a sudden material accessand a sudden material access
problem over a utility tunnelproblem over a utility tunnelp yp y

As yet no damage to UT & systemsAs yet no damage to UT & systems

PERFORMANCE OF UTILITYTUNNELSPERFORMANCE OF UTILITYTUNNELS3333
Sources: pictures ©: alcUG(hb), POET GmbH

Re-Mixing the City
14-16 May 2012    Schwechat, Austria

UTILITYUTILITY TUNNELSTUNNELS
PROVENPROVEN SUSTAINABILITYSUSTAINABILITY ABOVEABOVE ANDAND BELOWBELOW GROUNDGROUND

how they hold up over timehow they hold up over time
3333



Between 1991 and 2008 A. & H. Laistner were involved in theBetween 1991 and 2008 A. & H. Laistner were involved in the
development and / or modification of 10 utility tunnel systemsdevelopment and / or modification of 10 utility tunnel systemsdevelopment and / or modification of 10 utility tunnel systemsdevelopment and / or modification of 10 utility tunnel systems

We were responsibly involved in the design of ~31 km of utilityWe were responsibly involved in the design of ~31 km of utility
tunnels and constructed ~ 13 5 km to datetunnels and constructed ~ 13 5 km to datetunnels and constructed 13.5 km to date.tunnels and constructed 13.5 km to date.

We experienced utility tunnels in ground water & earthquakesWe experienced utility tunnels in ground water & earthquakes
We encountered unknown or unexpected hazardsWe encountered unknown or unexpected hazardsWe encountered unknown, or unexpected hazards.We encountered unknown, or unexpected hazards.

We’ve seen utility tunnels float in their construction ditches, andWe’ve seen utility tunnels float in their construction ditches, and
suffer from water incursion because the outside drainagesuffer from water incursion because the outside drainagesuffer from water incursion because the outside drainagesuffer from water incursion because the outside drainage

protection system had been forgottenprotection system had been forgotten
With all this experience through 20 years we can unequivocally state:With all this experience through 20 years we can unequivocally state:p g y q yp g y q y

There is no more effective, efficient, economic, safe, supplyThere is no more effective, efficient, economic, safe, supply
secure, environmental and sustainable urban supply andsecure, environmental and sustainable urban supply and

WhyWhy don‘tdon‘t wewe useuse moremore itit wewe wonderwonder ??3434

support systems technology than theUTILITYTUNNEL !support systems technology than theUTILITYTUNNEL !
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What’s holding us back ?What’s holding us back ?

A world wide lack of knowledgeA world wide lack of knowledge
and comprehension ofand comprehension of

t l itt l itsystem complexity assystem complexity as
synergy generator & driversynergy generator & driversynergy generator & driversynergy generator & driver

So listenSo listen up educators !up educators !pp
We need to teach what is neededWe need to teach what is needed ––

not what is comfortable !not what is comfortable !not what is comfortable !not what is comfortable !
SUSTAINABLE CITIES OFTHE FUTURESUSTAINABLE CITIES OFTHE FUTURE3535
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SPEAKERS DETAILSSPEAKERS DETAILS
f i l if i l i

ccontactontact details :details :

l l i t lti UG(hb)l l i t lti UG(hb) professional experienceprofessional experience
20 years20 years

bb d ld l

aaxel laistner consulting UG(hb)xel laistner consulting UG(hb)
Dipl.Dipl. IngIng. Dr.. Dr. techntechn. Axel. Axel LaistnerLaistner

RosenstrRosenstr. 6 / P.O. Box 02. 6 / P.O. Box 02
66 LAUCHHEIM66 LAUCHHEIM in urbanin urban developmentdevelopment

and airport projectsand airport projects
with a 100with a 100 %% proven trackproven track

73466 LAUCHHEIM73466 LAUCHHEIM
GermanyGermany

t: +49(7363)81658t: +49(7363)81658 00
f ( 6 )8 6 8f ( 6 )8 6 8 with a 100with a 100 %% proven trackproven track

record ofrecord of
–– ONTIMEONTIME –– INBUDGETINBUDGET ––

f: +49(7363)81658f: +49(7363)81658 55
m: +49(173)6631522m: +49(173)6631522

axel.laistner@laistnerconsult.deaxel.laistner@laistnerconsult.de
www. laistnerconsult.dewww. laistnerconsult.de

–– STATEOFTHEARTSTATEOFTHEART ––
educated ineducated in

mechanical & civilmechanical & civil
engineeringengineering ..

business administrationbusiness administrationbusiness administrationbusiness administration

ThankYou forYour Attention !ThankYou forYour Attention !3636
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COAUTHORS DETAILSCOAUTHORS DETAILS
f i l if i l i

ccontactontact details :details :

Di lDi l II (FH) Di l(FH) Di l II (FH)(FH) professional experienceprofessional experience
52 years52 years

bb d ld l

Dipl.Dipl. IngIng.(FH) Dipl..(FH) Dipl. IngIng.(FH).(FH)
Hermann LaistnerHermann Laistner

H dt t iH dt t i in urbanin urban developmentdevelopment
and civil engineering projectsand civil engineering projects

43 years43 years

HardtsteigeHardtsteige 2929
73466 LAUCHHEIM73466 LAUCHHEIM

GermanyGermany

t ( 6 ) 66t ( 6 ) 66 43 years43 years
as legal expert witnessas legal expert witness

for civil engineeringfor civil engineering

t: +49(7363)9669t: +49(7363)9669 00
f: +49(7363)9669f: +49(7363)9669 3939

poet.lauchheim@online.depoet.lauchheim@online.de

27 years27 years
as elected member of townas elected member of town

and regional councilsand regional councilsand regional councilsand regional councils
educated ineducated in

civil engineering &civil engineering & surveyingsurveyingcivil engineering &civil engineering & surveyingsurveying

ThankYou forYour Attention !ThankYou forYour Attention !3737
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WHAT IS A UTILITYTUNNEL ?WHAT IS A UTILITYTUNNEL ?
POET Ing GmbH / axel laistner consulting UG(hb):

otherwise. 1993 – 2012
– photos of the utility tunnel Wachau and experiences & event
discussion of 2012

with permission of EGW GmbHDr. Axel Laistner (POET/alcUG) – all graphics and texts unless
specifically referenced otherwise. 1993 – 2012

THE ECONOMY OF UTILITYTHE ECONOMY OF UTILITY

with permission of EGW GmbH
– photos of the utility tunnel Fahrland and experiences & event
discussion of 2012

with permission of Energie und Wasser Potsdam GmbH

Carl Dupré Bau GmbH & Co.KG Franz Kirmeier Str. 17, 67346
Spe erCO O O UCO O O U

TUNNELSTUNNELS
Dr. Axel Laistner – www.laistnerconsult.de :

Utility Tunnels long term investment or short term expense?
The new economic feasibility of an old idea

Speyer:
Pictures fibre concrete utility tunnel hull construction
Cross section Drawing of the fibre concrete utility tunnel

ATTACHMENTATTACHMENTThe new economic feasibility of an old idea
1996 INFRA’96 Les Infrastructures Urbaines

Montreal
Einsatz begehbarer Leitungsgänge / Infrastrukturkanäle in der
öffentlichen Ver und Entsorgung
1996 Doktorarbeit an der Technischen Universität Wien

ATTACHMENT:ATTACHMENT:
COMPREHENSIVE DIVERSITY &COMPREHENSIVE DIVERSITY &
EXPERIENCEEXPERIENCE

99
Fakultät für Bauingenieurwesen Wien

Both source texts reappraised in 2012 and diagrams converted
to € values

POET Ing GmbH / axel laistner consulting UG(hb):
Dr. Axel Laistner (POET/alcUG) – all graphics and texts unless
specifically referenced otherwise. 1993 2012

Christian Lindecke:
http://de.wikipedia.org/w/index.php?title=Datei:Lichtraumprofil

PERFORMANCE OF UTILITYPERFORMANCE OF UTILITY
TUNNELSTUNNELS

POET Ing GmbH / axel laistner consulting UG(hb):
D A l L i t (POET/ l UG) H L i t (POET)

p // p g/ / p p p
_EBO.png&filetimestamp=20090521162803 – last accessed
24.03.2011 Lichtraumprofil_EBO.png

Dr. Axel Laistner (POET/alcUG) or Hermann Laistner (POET)
– all photos, graphics and texts unless specifically referenced

UTILITYTUNNELSUTILITYTUNNELS –– proven sustainabilityproven sustainability3838
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COMPREHENDING DIVERSITYCOMPREHENDING DIVERSITYCOMPREHENDING DIVERSITYCOMPREHENDING DIVERSITY
a multitude of solutions for world of tasksa multitude of solutions for world of tasks

UtilityTunnelsUtilityTunnels where else ?where else ?3939
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The 1800s’ – Utility Tunnels
a good idea gets started

Cholera in Europe how
calamity drives technologya good idea gets started

London
The Holburn Viaduct 1866 – 72
and other projects

calamity drives technology
London:
Together with the elevation of parts of the Holburn Street urban
utility tunnels were erected along both sides of the viaduct. The
d b ld d d l h l hand other projects

throughout the
century

adjacent buildings were connected directly to the tunnels. The
remaining space in between both tunnels was rented out to
commercial users. The Viaduct passes over two Streets, a double
railway track and the canalized Fleet River. Its total length
amounts to approximately 400m.

Paris
Sewage System from the mid

century onwards

Other utility tunnels were built with urban infrastructure
development at various places in London and surrounding
boroughs ever since.
Paris
Following the Cholera epidemic of 1832, construction on they g p 3 ,
Paris sewage system was begun. Its mains vary in diameter
between 5 x 6m and 2,5 x 1,5m. The system is additionally used
for the placement of telephone , telegraph , water and district
heating mains. The total net length amounts to approximately
2000 km.

Hamburg
Kaiser Wilhelm Strasse 1892

Hamburg
With the expansion of urban main roads a utility tunnel was
erected under the Kaiser Wilhelm Strasse as new main
thoroughfare to avoid future disturbances. Like London and
Paris Hamburg developed the sewage system following a

COMPREHENDING DIVERSITY & EXPERIENCECOMPREHENDING DIVERSITY & EXPERIENCE

Kaiser Wilhelm Strasse 1892 Paris, Hamburg developed the sewage system following a
devastating outbreak of the Cholora.

4040
Sources: pictures © & data: alc UG(hb) – POET GmbH
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The 1900s’ – Utility Tunnels
a good idea gets going

City Management – spurts,
starts and fits of technologya good idea gets going

Moscow 1935 / Kiev 1948
Madrid 1941

starts and fits of technology
Moscow / Kiev / Suhl / Leipzig / Halle
The main standardization efforts on utility tunnels were made in
the former eastern block states. The Academy on Civil
Engineering of the GDR completed the development of ag g p p
comprehensive technical standard on utility tunnels in 1976. Main
interest originated with the realization of the utility tunnels
positive effect on national economy as a whole.
Madrid
Utility tunnels were chosen to counter the problem of extensive
soil settlement in the Madrid region The security gained by the

Seattle UofW in the 20th century
Tokyo 1963

soil settlement in the Madrid region. The security gained by the
tunnel justified the higher investment expenses. The surface
streets above were stabilized and their lifespan extended two to
threefold.
Seattle
Utility tunnels are most frequently used to service the supply

d f l d U i i d i l l i
1960s the East goes
precast

needs of enclosed areas. Use in industrial plants is common, as
well as at public installations like this cross section of utility
tunnels at the University of Washington in Seattle. Utility tunnels
are standard construction elements at many industrial plants and
especially airports and civic centers.
Tokyo

Suhl 1967 /
Moscow 1970 /
Halle Neustadt 1970s

In 1963 utility tunnels were named the preferable construction
system for city utilities in Japanese law. The intention was to
reduce the surface construction sites along roads and the
minimization of so induced traffic problems. Researches had
shown, in 1962 Tokyo had 1713 construction sites along utility
lines of 1253 km total length in a street net of roughly 500 km;

COMPREHENDING DIVERSITY & EXPERIENCECOMPREHENDING DIVERSITY & EXPERIENCE

Leipzig Grünau 1980s
53 g g y 5 ;

amounting to ~ 3 each km.

4141
Sources: pictures © & data: alc UG(hb) – POET GmbH
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The 1980s’ – Utility Tunnels
a good idea gets ambitious

City & Facility Management
– discovering potentialsa good idea gets ambitious

Ulm University Medical Centre
Eselsberg 1985

h l d

discovering potentials
Ulm – the all rounder
Setting the most complete standard of subsurface supply
systems yet. All supplies needed for four hospitals, lots of
university institutes and two industrial research centers – all arethe most complete and

ambitious UT I know of

university institutes and two industrial research centers all are
transferred underground to insure a healthy environment for
recuperation and studies.
Three automated cargo transport systems distribute
pharmaceutical supplies, medical supplies, soiled and cleaned
utensils, food and mail to all hospitals from a central technical
complex. Two waste disposal systems collect clinical and normal
wastes to a central disposal station.
Zurich – city center renewal – Werkleitungsstollen Löwenstraße
In the heart of the city – in front of the main RR Station – this UT
had to be erected while maintaining the normal accessibility and

l it ti t ll dj t b ildi d hsupply situation to all adjacent buildings and shops.
High ground water and a shallow sewage line impacted the
design. The design is based on the SIA 205 Swiss standard.
At both ends connections to other UT exist. The tramway tracks
are placed on a floating bedding on top of the UT.
B ti l hi t i i it tilit ti

Zurich – Löwenstrasse 1992
a UT carries the tram!

Bratislava 1994

Bratislava – historic inner city utility reconnection
Utility tunnels were excavated as mine shafts and tunnels at ~
24m below ground level under the historic city center.
With minimal disturbance above ground and no ground
movement problems due to the depth all buildings were
connected by horizontal drilling from below

COMPREHENDING DIVERSITY & EXPERIENCECOMPREHENDING DIVERSITY & EXPERIENCE

a UT System 24 m underground connected by horizontal drilling from below.

4242
Sources: pictures © & data: alc UG(hb) – POET GmbH, Christian Lindecke wikipedia
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155 years – Utility Tunnels
a good idea gets experience

UT operational performance
– it runs & runs & runs ......a good idea gets experience

Other more out of the ordinary UT constructions:
White Sands – NY – 1967 70
UT l bl f

it runs & runs & runs ......
General operational performance history of Utility Tunnels
world wide (as researched and experienced by POET &
alcUG in own and others’ UTs) :

UT as nuclear blast proof
fall out shelters

More than 90% better performance of individual supply
pipe / cable life.
No more micro leakage in wet systems.
Full continuous corrosion and degradation control

Listing of military Installation UTs:

Possibility of preventive maintenance of utility systems
Possibility of using older systems for new purposes e.g.
London Embankment – using an old gas main as a cable
casing pipe for high performance IT backbone cables
8 % h i l l t tformer Base Hospital Ulm (now Uni Ulm Michelsberg)

Eielson Air Force Base Fort Wainwright
U.S. Air Force Academy
Listing of civic & admin center complexes with UTs:

80% cheaper expansion, renewal, replacement costs
99% avoidance of pipe / cable repair costs through
normal degradation
99% avoidance of pipe / cable repair costs through
external damaging influenceg p

Civic Center Area, Denver City & County Buildings,
Denver – Colorado State Capitol Buildings
NASA Johnson Space Flight Center – Houston
UT l d i t d th ld

external damaging influence
200% to 300% life extension of road surfaces above – no
excavations and other surface disturbances other than
traffic loads

COMPREHENDING DIVERSITY & EXPERIENCECOMPREHENDING DIVERSITY & EXPERIENCE

UTs are also used on many airports around the world –
but a listing is not given due to security considerations
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155 years – Utility Tunnels
a good idea gets experience

UT operational performance
– what if – it happened .....?a good idea gets experience

Other more out of the ordinary UT constructions:
Vienna – Reichsbrücke 1978 80
a bridge is a UT & carries the metro and 6 traffic

what if it happened .....?
Current list of known mishaps in Utility Tunnels in Germany
(as researched and experienced by POET & alcUG in own –
between 1993 to 2011 – and others’ UTs) :

L i i G ü i th 8 C bl Fia bridge is a UT & carries the metro and 6 traffic
lanes across the Danube

Leipzig Grünau in the 1980s – Cable Fire
– destroyed ca. 30m of all cabling before extinguishing
itself due to lack of oxygen. Piping of water supply and
district heating was not impacted.
Ruhr University Bochum in the 1980s – Water Main Break
(d )(d 300mm)

filled the whole 6.5km UT system completely with water
within 30 minutes. Effects: extensive cleaning of the UT
& repair of the water main, some secondary support
structure corrosion effects over the next year.
ISK W h i bl j i t l iListing of

University UTs:
Ruhr Universität Bochum J.Liebig Universität Gießen
Universität Stuttgart Vaihingen Universität Ulm

f l k f

ISK Wachau since 1993 – cable joint explosions
– 2 cable joint explosions in 20 years – due to faulty cable
joint manufacture – effect: cable joint repair – some
minor damage to the UT hull inside galvanization at the
lightning footpoint. Repairs both times fully effected
within hours of faultUniversity of Alaska University of Arizona

University of California Florida Atlantic University
Georgia Institute of Technology Purdue University
Michigan State University University of Minnesota
University of Missouri University of Oregon

within hours of fault.
NO OTHER MISHAPS HAVE BEEN REPORTED OR
FOUND IN PUBLICATIONS WORLD WIDE – IT IS LIKELY
THAT SOME OCCURRED, but not even in London during
the WW2 bombing much damage seems to have
occurred in UTs
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University of Missouri University of Oregon
University ofTexas University ofWashington

occurred in UTs.
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The 1990s’ – Utility Tunnels
a good idea gets cheaper

New materials & methods –
time = money = savingsa good idea gets cheaper

POET UBP & ISKPOET UBP & ISK ProjectProject WachauWachau 19911991 9494
assuring economic success by
being faster and cheaper in a

time money savings
POET Engineering Consultants
and DI(FH). DI(FH). Hermann Laistner:
DI(FH). DI(FH). Hermann Laistner had first “re invented” the ideabeing faster and cheaper in a

tight property market

POET UHP & ISKPOET UHP & ISK ProjectProject FahrlandFahrland 19931993 9595
proving that a

of utility tunnels on a napkin over a beer, while in conversation
with his professors during the completion of his second
engineering degree as civil engineer in 1968 – being at the same
time at the head of the college student body in a tumultuous
political situation.p g

steel hull UT
urban development
is exactly as expensive
as a conventional utility
construction

Back then already he combined the technical needs of the
engineer with the understanding of political and fiscal realities
and requirements of an urban environment – and came, like
others before and after him, to the logical conclusion:

The only thing that makes sense in the long run is aconstruction
– even in a high ground water table

POET RHP & ISKPOET RHP & ISK ProjectProject Lauchheim 1995Lauchheim 1995
setting a new speed record

The only thing that makes sense in the long run is a
UTILITYTUNNEL.

Throughout his professional and political life he kept on the front
end pushing new technical understanding and implementations –
while finally capping his personal political & technical
involvement by becoming the German delegation leader onsetting a new speed record

by using PEHD & section prefabrication

POET UHP & ISKPOET UHP & ISK ProjectProject Speyer 2004Speyer 2004
making concrete work without

involvement by becoming the German delegation leader on
urban development to the OECD.
Being well known and well respected as practical researcher on
the leading edge – he saw and took the chance of German
reunification – and designed and built a whole new generation
and technological leap of sustainable urban development areas
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g
steel and saving cost & time

and technological leap of sustainable urban development areas –
including under ground a new generation of utility tunnels
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