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BasicBasic TunnelTunnel ParametersParameters
HWHW D2 aD2 and nd thethe 3,3 km 3,3 km longlong part part ofof D2 LamaD2 Lamaččskskáá cesta cesta -- StarStaréé
Grunty Grunty in in thethe northennorthen part part ofof thethe capitolcapitol ofof SR Bratislava SR Bratislava 
ConstructionConstruction beginningbeginning 27.okt27.októóbra 2003 bra 2003 
End End ofof constructionconstruction 8.2.2005 resp.8.2.2005 resp. 3.5. 20053.5. 2005
In In operationoperation 24.6.200724.6.2007

22 tubestubes, , withwith HW HW parametersparameters

Western tubeWestern tube
lengthlength -- 1440 m, 1189 m (1440 m, 1189 m (NATMNATM) ) 
a 251 m (a 251 m (openopen pitpit))

EasternEastern tubetube
lengthlength -- 1415 m, 1159 m (1415 m, 1159 m (NATMNATM) ) 
a 220 m (a 220 m (openopen pitpit))



TunnelTunnel ConstructionConstruction
New New AustrianAustrian TunnelingTunneling
MethodMethod ((NNAATMTM)), , bothboth sideside

3 3 levellevel (part) (part) excavationexcavation

primprimaryary ceilingceiling
–– sspreedpreed concreteconcrete upup toto 250 250 
mm mm ticknesstickness,, withwith oneone oreore twotwo
steelsteel laeyrlaeyr

sesecocondndaryary ceilingceiling
–– monoliticmonolitic steelsteel--concreteconcrete withwith

300 300 -- 350 mm350 mm ticknesstickness

buildbuild in 10 m step (in 10 m step (blocksblocks))
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CunstructionCunstruction EffectsEffects
SettlingSettling ofof thethe objectsobjects over over thethe
tunneltunnel

Stability Stability disturbtiondisturbtion inin geologicgeologicalal
surroundingsurrounding

ChangesChanges in in hhydrologicydrologicalal
conditionsconditions

TunnelTunnel operationoperation cancan effecteffect thethe
objectsobjects over over thethe tunneltunnel alsoalso

TheseThese changeschanges and and effectseffects
shouldshould bebe minimazedminimazed in in longlong
term term horizonthorizont
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DeformationDeformation MeasurementMeasurement Project Project 
STN 730405 STN 730405 DeformationDeformation measurementmeasurement ofof civil civil engineeringengineering

structuresstructures: : 

-- aimaim andand type type ofof meameasurementsurement, , 
-- ggeologiceologicalal, , geotechnicgeotechnic aandnd hydrogeologichydrogeologicalal conditionsconditions ((geologgeolog. . 

investmentinvestment),),
-- structurestructure basementbasement andand loadingloading,,
-- deformationdeformation valuesvalues ((expectedexpected)),,
-- accuracyaccuracy analysisanalysis (a priori) and (a priori) and requiredrequired accuracyaccuracy,,
-- measurementmeasurement technologytechnology ((methodmethod, , instrumentationinstrumentation, , etcetc.).),,
-- controlcontrol networknetwork, , controlcontrol pointspoints,, measuringmeasuring pointspoints
-- mapsmaps, , drawingsdrawings, , orthophotoorthophoto productsproducts,,
-- timetime sheduleshedule ofof point point buildingbuilding,,
-- tme tme sheduleshedule ofof measurementsmeasurements,,
-- datadata analysisanalysis,, methodologymethodology, , presentationpresentation,,
-- technicaltechnical report report timingtiming, , structurestructure and and form.form.

HydrogeologicHydrogeologicalal aandnd geologicgeologicalal
investmentinvestment

BBratislavratislavaa part part ofof thethe CarpatianCarpatian MassiveMassive ((granitgranitss))

TerainTerain -- antropogantropogenen wastwast ofof 0,5 m0,5 m ticknesstickness

GeologyGeology::
–– ccryrysstalintalinicumicum
–– ccvartvarterer ((wastwast))
–– neogneogeenn ((sandsand aand nd clayclay) ) 

BreackBreack ((shiftshift) ) sonessones

UndergoundUndergound waterwater conditionsconditions -- normalnormal
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ExpectedExpected deformationdeformation valuesvalues

expectedexpected relativerelative deformationdeformation in in controlcontrol profilesprofiles upup toto
2.2.0 mm0 mm

relatrelativeive deformationdeformation twotwo neighbouringneighbouring controlcontrol profilesprofiles
upup to 5.0to 5.0 mmmm

RequiredRequired relativerelative deformationdeformation determinationdetermination 0.5 mm0.5 mm
RequiredRequired absolabsoluutete deformationdeformation determinationdetermination
2.0 mm2.0 mm

mmmhrb 5,04,0 −=



MeasuringMeasuring methodsmethods, , instrumentsinstruments
PrecisePrecise levelingleveling

3D 3D coordinatecoordinate determinationdetermination
FreeFree stationstation and and polygonometricpolygonometric measurementmeasurement

GNSSGNSS
CombinationCombination ofof differentdifferent methodsmethods

ControlControl NetworkNetwork
BuildBuild beforebefore tunneltunnel constructionconstruction
-- undergoundundergound ((freefree stationstation, , polygonalpolygonal)  )  
-- outsideoutside (GNSS, (GNSS, trigonometrictrigonometric) ) 

lolocalcal systemsystem,, connectedconnected to to thethe
landsystemslandsystems (S(S--JTSK) aJTSK) and nd ((BpVBpV))
southernsouthern portportaall -- NoNo.7000,2066,998 .7000,2066,998 
7000A (7000A (designeddesigned))
northernnorthern portportaall –– NoNo.857,1003 .857,1003 
1003A (1003A (designeddesigned) ) 
New New highhigh pointspoints in in controlcontrol networknetwork: : 
VB1VB1--VB4 (VB4 (southsouth poporrttalal) ) 
VB5VB5--VB8 (VB8 (northnorth portportaall))
VB9 (VB9 (jointjoint markmark 1003A)  1003A)  



StabilizStabilizationation and and protectionprotection ofof
pointspoints

SteelSteel tubestubes, , concreteconcrete

UpperUpper part part –– centeringcentering device device 

identifiidentificationcation –– table table withwith point point 
No.No.

New New highhigh pointspoints –– in in thethe base base 
structuresstructures ofof largelarge traffictraffic singssings
Spot Spot markersmarkers
identificationidentification

ControlControl pointspoints
PositionPosition determineddetermined accordingaccording thethe geoloigacgeoloigac
investmentinvestment and and tunneltunnel designdesign

3 3 pointspoints in in eacheach profilprofilee
–– 2 2 pointspoints inin bothboth sideside (max. 1m (max. 1m over over thethe roadroad lev.lev.))
–– 1 1 point in point in thethe top top ofof thethe tunneltunnel arcarc

Profile Profile identificationidentification

NextNext pointspoints –– 2 new 2 new levellinglevelling pointspoints in in eacheach
emergencyemergency exitexit tubetube

stabilizstabilizationation usingusing rustlessrustless steelsteel structurestructure ((amchoramchor)), , 

3D 3D positionposition repeatingrepeating withwith accuracyaccuracy upup to 0.2 mm, to 0.2 mm, 

ProtectionProtection betweenbetween twotwo measurementmeasurement..



ControlControl pointspoints
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DeterminedDetermined valuesvalues

DeterminedDetermined valuesvalues :  :  

a) a) conrolconrol pointpoint parametersparameters outsideoutside thethe tunneltunnel
b) b) vertiverticalcal deformationdeformation ofof thethe controlcontrol
profile profile pointspoints and and pointspoints in in thethe emergencyemergency
exitexit tubestubes
c) c) absolabsoluutete aandnd relatrelatiiveve 3D3D deformationdeformation ofof
profile profile pointspoints

incloudinginclouding accuracyaccuracy parametersparameters........



TimeTime sheduleshedule
NotNot possiblepossible duringduring thethe operationoperation
OneOne measurementmeasurement inin 6 6 mmonthsonths,, in term in term ofof
33 yearsyears
MeasuringMeasuring timetime –– duringduring operationoperation breacksbreacks, , 
max. 6 max. 6 hourshours
MinimisationMinimisation ofof effectseffects otherother activitiesactivities duringduring thethe
breacksbreacks

DataData processingprocessing and and analysisanalysis

AimAim =>=> parametersparameters ofof measuringmeasuring pointspoints
((incloudinginclouding accuracyaccuracy characteristicscharacteristics))

LMNQUELMNQUE methodmethod (2.(2. linelineaarr modelmodel, 3. , 3. linearlinear
modelmodel))

TTestestinging ofof resultsresults –– confidenceconfidence levellevel αα=0.05=0.05

ConnectionConnection to to thethe officialofficial landland networksnetworks



ConclusionConclusion

New New pointspoints outsideoutside thethe tunneltunnel neededneeded -- 1003 A a 1003 A a 
7000A7000A, , VB1VB1--VB9VB9
SpecialSpecial stabilizationstabilization ofof measuringmeasuring pointspoints tunneltunnel insideinside
–– possibilitypossibility ofof thethe positionposition repeatabilityrepeatability upup to 0.2 mm to 0.2 mm 

6 6 mmonthonth intervalinterval in term in term ofof 3 3 yearsyears -- to to ensureensure thethe
safetysafety tunneltunnel operationoperation and and traffictraffic conditionsconditions

Main Main controlcontrol ––
DavidDavid CoulthardCoulthard ((McLarenMcLaren--MercedesMercedes))
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