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1. INTRODUCTION

A multitude of railway tunnels in the Sovak Republic on the one hand and total absence of
road-tunnels on the other hand is a paradox which is a result of politicd and economic
development in the post-war period. A comeback to the market economy in the last decenium
of 20" century has been connected not only with economic and political changes but aso with
the decison to diminate the retardetion of traffic infrastructure development. The maximum
elevation of the number of persond car are achieved in years 1985-92, which connection are
the traffic intengity over come more then 22% on the highways and first class routes.

2. STRUCTURE OF THE TRAFFIC NETWORK IN SLOVAKIA

In connection with the above fact the necessity has arisen to anadlyse of the present time traffic
dructure and therr basis redise the update the nationd traffic routes. The Sovak Road
Adminigration has eaborated the “Concept of the Traffic Network Development in the
Sovak Republic” which re-eva uates the used network classfication as wdl as the importance
of individua routes and their classification under new conditions.

The new conception was daborated in the frame of results and conclusons of the
2" Pan Europe Traffic Conference’. Parald to this concept the most important traffic routes
are included to the network of Trans Europe routes, in avolume of 852,8 km. Particular part
of the conception are as follows. evauation of the road network capacity reached, evauation
of traffic safety as wel as of ecologicd conditions and aproposa for the gradud
modernisation, including highway congtruction.

Design and congruction of highways are in the last years connected to the more demanding
parts of the routes D1 and D18. The various geologica and morphologica conditions of the
Karpaty Mountains can be not overcome without tunnels. To determination of the number of
tunnels and their Stuaion on the highway, are very important the results of the multicriteria
evaduation of the region. In connection with this evduation are desgned 17 tunnds, with
common longitude of 39 km, on anew highway parts (Tab.1).

The common budget for the routes they congtruction are started in years 1997 and later is
about 400 mil. EURO. The possbility of Sovakiato finance this project is a the present time
given by 15-20 mil. EURO per year (Mikolg, 1998). For the acquisition of missing finances
were new sources searched. In the frame of the projects PHARE and TINA were



internationa finances (about 100 mil. EURO) acquiesced for the period 1998-1999. To finish

these projectsis the primary goa of the period 2000-2005.

Table1
Tunné
No. Highway Tunnd longitude
(m)
D1 | Sverepec - VrtiZer Ondrgova 1600
D1 |Hric.Podhradie - Vighové Ovciarsko 2185
D1 |Hric.Podhradie - Vignové Zilina 730
D1 |Visnové—Martin Visnové 7400
D1 Martin - Lubochna Korbelka 5700
D1 |Lubochna- Ivachnova Havran 2670
D1 |Lubochna- Ivachnova Cebrat 2071
D1 |VaZec - MenguSovce Ludvna 300
D1 | MenguSovce - Poprad Borik 910
D1 |Behérovce- Branisko Branisko 4800
D1 |Fricovce— PreSov PreSov 2520
D1 |Bidovce - Dargov Dargov 3250
D2 |BraidavalLamac—Staré Grunty | Stina 1285
D18 | Hric.Podhradie— Kys.N.Mesto Pov.Chimec 2000
D18 |KysN.mesto - Skalité Horelica 570
D18 |KysN.mesto - Skdité Svrcinovec 420
D18 |KysN.mesto - Skdité Polana 980

0 tunnes present time in congtruction

3. DRIVING METHODSUSED FOR TUNNEL CONSTRUCTION IN
SLOVAKIA

Each tunndlling method can be understand as time and space harmonised technology of tunnel
cutting and congtruction of primary cheek of the tunnel, which support the rock sability. At the
present time exist two different groups of methods for the driving of transport tunnels. The first
of them is conventiond tunndling on the lines of the principles of the new Audrian tunndling
method (NATM) and the second group is tunnel excavation with using tunnd boring machines
(TBM).

The NATM use for the hard rock cutting conventiona mining explosve materias. For the soft
rock cutting are used boring machines with cutting head or excavators. The NATM aswell as
another tunndlling methods will maximum to active the rock for the supporting of the future
tube. This can be attained in interactivity of the tunnel primary cheek and the knowledge of
rock deformations.

The NATM prefer the technology of shared cutting — calote, middle part and sole (Fig.1).
Each of these sequences can be once more shared. The profile can be given by arcs with



continuous curvature. The primary cheek is build by sprayed concrete, stedl grating and stedl
arc's which are completed with rock anchors. To dimensioning of the primary cheek will be
given not only by the thickness of the sprayed concrete especidly by using of different number
and type of the anchors. The right dimensioning of the primary cheek is controlled by group of
geotechnic and geodetic measurements.
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Fig.1 Shared tunnd profile by usang of the NATM

Usng the full profile excavation accderates the tunnel condruction. From the viewpoint of
geodetic measurements demanding this procedure higher accuracy of excavation. The geodetic
measurements that are needed by using of TBM are different from the measurements redlised
by the NATM. From the operating persona of the TBM is required the continuous control of
the pogition and orientation of the TBM. The higher accuracy of lay-out is required especidly
in cases if the tunnd is driven without prospect drift. Geodetic measurement redised by tunnel
excavation with TBM is

- lay-out of axes of the TBM during their ingtalation,

- lay-out and stabilisation of control points on the TBM,

- the control of the position and orientation of the TBM during their trandation,

- the determination of the new TBM position and orientation.

Tunnd driving by TBM is more impapable to the rock and the surrounding of the tube is
fewer affected. The both of driving methods are know in Sovakia, but the usng of TBM for
excavetion of tunnels with large profiles (highway tunndls) are to this time not used. TBM are
used for driving of prospect drifts only (Frankovsky, Kapusta, 1998).

4. MANAGEMENT OF GEODETIC WORKS CONNECTED TO THE TUNNEL
CONSTRUCTION

The condruction of large tunnels needs the very active participation of surveyors. The surveyor

participates on the dl of tunne congtruction phases — geologicd investigation and preparation,

design and redlisation. The volume of geodetic works is generaly appropriate to the function,

size and structure of the object. The construction of the structura object required:

- mapsfor desgn and the basic documents for land property,

- design of the locd network, the redisation of network points and their acceptance,
determination of network parameters,



- desgn of lay-out and control measurements,

- thelay-out and control of 3-D position of congtructions and technology equipment’s on the
surface and underground,

- quality control (geodetic measurements),

- deformation measurements, monitoring of over breeks, surface depressions and porta
dopes.

In the case of tunnd constructions a great amount of design of the loca network, the lay-out

and control measurements, especialy with regard to the required accuracy characterigtics, they

by technical norm STN 73 0422, must be given.

The desgn of tunnd required  ortophotomaps, conventiond maps  or
3-D modédis of terrain in the surrounding of the designed tunnel portals. Very important is the
preparation of the documents for the land property.

4.1 Tunnd control network

The basc assumption of successful redisation of the surveying tasks during the tunne
congtruction, is the existence of areiable control network. The configuration and type of
network are dependent on the required accuracy of measurements, terrain requirements and
lay-out methods, which are used. The extraordinarily of these networks accentuates that their
parts are Stuated separately and build sequentialy by heterogeneous geometric forms.

The tunnd network is shared once more to pat on the surface and underground. The
underground part of a tunnd network is build sequentidly from the portals by two polygons.
The network part on the surface is build before the start of the tunnel congtruction. This part
conggts of triangles and quadrangles, usualy formed around portals and ventilation shafts. The
parts of the tunne network on the surface are very distant from one another and separated by
many terrain obstacles.

The connection of these parts to one homogenous network can be solved very effectively
usng the saelite sysem NAVSTAR GPS (Navigdaions Timing and Ranging - Globd
Pogitioning System). The use of GPS enables the connection of the network parts, without
direct vighility among points. The network configuration must assure the appropriate
conditions for the GPS observation (vishility of the observed satellites, appropriate eevation
angle, etc.). All control points cannot be positioned optimaly for the GPS measurement. The
parameters of these points must be improved by terrestria measurements (distance and angle
measurements). The gpplication of GPS gives higher accuracy to extensive networks used for
congruction of tunnels with length of more than 5 km.

The present-day technologies of geodetic measurement (electronic theodolites and total
gations, GPS) enable us to obtain the network accuracy higher than the accuracy of the land
network (the required values are given by sy, ,=5-7 mm). The control networks of tunnels are
therefore built as local networks. The connection of these networks to the land network has
only a secondary sgnificance and is redised especidly for design structurd objects of the
tunnel. The definition of the control network as a loca network required the design of the



tunnd in the local co-ordinate system. The transformation from WGS-84 to the locd system is
given by sx parameters (3 rotation and 3 trandation parameters, without scae factor). It is
very important to define the limits of relevance of the locd network and the co-ordinate
system. The objects Stuated outside this area will be designed in the land co-ordinate system.

The highs of control points are determined by precise nivellement with connection to the land
nivelement network. Closed nivelement polygons determined by two independent
measurements are usudly used. The required accuracy of high points are given by spy=1-2
mm. The points are postioned in the surroundings of the tunnd portals and ventilation shafts.

The control network is the basis of dl geodetic measurements realised before, during and after
the tunnd congruction. Therefore points require specia stabilisation and protection. The so-
caled deep stabilisation is used, realised borehole completed by concrete (Fig.2). The heads
of these points are equipped with universal compound, used for forced centration of
instruments, marks, prismas and GPS receivers.
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Fig.2 Control point stabilisation

4.2 Geodetic measurements during the tunnel construction

Geodetic measurement during the tunnel congtruction can be shared in the measurements and
lay-out redised on the surface and measurements and lay-out redised in underground. Both
groups of these measurements are suitably connected to each other and build indivisible part of



tunnd congruction. Before the start of geodetic measurements it is necessary to consder

which methods are chosen for the measurements realised on the surface and underground,

how many times the redlisation of geodetic works is necessary and what is the accuracy

required for these measurements. The underground congtructional works can be shared in

three technologica phases.

- driving of the prospect drift or heading (not always redlised),

- driving of the tunnd profile (usualy shared in the driving of the calote, the middle part and
the sole of tunnd)),

- redisgtion of tunnd lining.

These operating procedures must be respected by lay-out redised in underground. For the

measurement and lay-out redised by tunnd driving are used the tunnel surveying systems

(CATS from Angermeier Ingenieure, GTS from Geotronics, ITMS from Leica eta). In

addition to the know systems, are used self-programmed systems in Sovakia

For the lay-out of the tunnel axis the polygons are usudly used. For the building of longer
tunnels two polygons are used - the basic and the auxiliary or working polygon. At present
timeis the method of free station used, which enables the more efficient measurement and lay-
out. The points of the basic polygon are regularly controlled (monthly, quarterly). Each of the
control measurements includes the observations of dl polygon points, including the connection
of the tunnel control network on the surface part. The results of the control measurements are
the new co-ordinates of these points, compared to the source values. Using error andysis and
datistical tests can be decided, if the difference between the source and the new values is
detidically sgnificant. In the case of proved sgnificance of these differences the new co-
ordinates are accepted. It is very important to take care of the uniform and precise
actudisstion of the list of
co-ordinates.

4.3 Control measurements

The tunnd congruction effects the environment and causes the settling of the surface layers.
The cause can be the rocking of subsurface layers or the tunnel congtruction. The beginning of
the transportation can affect the pogition of the tunnel and the congtructions on the surface.
These changes will be consecutively stabilised, but can indicate in certain phase the risk
requiring the necessary arrangements. The control measurements are planned aready within
the tunnel design. Redisation of these measurements enables the regidration of assumed
trandations of the tunndl, the tunndl over layers and the buildings on the surface.

The am of geodetic control measurements is the determination of deformations of the tunnd,
the surface and the buildings over the tunndl. By these measurements the horizontal and vertica
deformations of these objects are determined. The accuracy of control measurements is
determined by design of the tunnel or by norm STN 73 0405.

The devdopment of tunnd condructions in the last years lay higher clams to the
measurements. Besides the higher accuracy the relation of al measurements to the control
network is required. A discharge of this requirement would be possble only with the



connection of geotechnical and geodetic measurements by the common system of 3-D co-
ordinates.

These measurements are redlised by the group of control points Situated at each cross profile,
symmetricaly to the vertica tunnd axis (Fig.3). There are Situated 3 or 5 points in the calotte,
2 points in the sole. The distance of two cross profilesis given by geologica conditions of the
rock and generdly is chosen by 25 m. In the wrong surroundings can be this given by 5 to 10
m.
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The number of redlised control measurements has a downward tendency. One or two
measurements are redised in afirst day, afterwards two or three measurementsin aweek. The
measurements are redlised to the time, whom the points can be seen as stabilised. The profile
will be active after opening the sole and new control measurements must be realised.

The divergent accuracy requirements, the necessity of measurements redized in a common
system of coordinates and their explicit connection to the tunnel construction, resultsin using of
new integrated technology of the control measurements. This new technology uses the modern
geodetic measurement systems (lasers, eectronic theodolites and tota stations) and classical
geodetic methods (polygona method, polar method, free stations, €tc.).

The indivisble part of this conception is the automated storage, transfer and processing of
data. To thisaim loca computer networks on the Site, connected by modems, are builds. It is
advantageous the using of the centrd server, that enables the Smultaneous access of data for
al users. The necessary hardware gives not specific requirements at the future users. The use
of computers with rapid high-resolution video cards is advanced. The computers used in the
surroundings of the direct building activity must be protected againg the dust, humidity and
vibrations. It would be the industry computers or different notebooks used. The used software
enables the immediate data processing and design of necessary documentation:

- timeandysesof data,

- &ability analyses of control paints,

- time and object oriented andyses of control points of the arbitrary tunnd profile,

- time and object oriented analyses of the building phases,

- the generd analyses of data and comparison of results to the design,



- thegraphical presentation of results on the display, printer or plotter.

The measurements for the determination of volume of the over bresks are introduced to the
group of control measurements redlised by geodetic methods. The basic assumption of the
volume determination is the measurement of the offit in the tube That is very important
determinate, which of over breaks are geologicaly required and which are effected using the
wrong driving technology. The over breaks are filled by concrete, because volume of over
breaks effects the divergence of secondary costs. The control and determination of quaity and
safety of tunnd congtruction need the measurement of thickness of the concrete, too. Both of
these measurements results to the determination of the volume of used materias (concrete).

The number of profiles used for convergence measurements and deformation determination is
too smdl for the volume determination. The using of more profilesis aso expengve. With this
am are search methods, these use the natura mark of measured points only. There are two
ways for solution of this problem; the photogrammetric method and the using of laser distance
meters.

The disadvantage of the classca photogrammetric method is the between the measurement
and requirement of results needed time (can be one or two days too). This time is needed for
the processng of andogue pictures and their photogrammetric interpretation. This
disadvantage fully diminates the red-time photogrammetric syslems working on the base of
CCD cameras. The pictures are digposed in the digital form and instantaneous. With regard to
the high price of the red-time photogrammetric systems, the combined andyticd systems are
more used. The pictures are executed by analogue cameras (metric or non-metric cameras)
and after the scanning are processed by andytica softwares. This method enables to attain the
high accuracy and performance.

With coming of efficient laser digtance meters, there measure without prismas, the polar
method for the volume determination and profile measurement can be used. The sysems
based on the laser distance meters are more advantage as well as arbitrary photogrammetric
system. When these systems are equipped with appropriate software, the results can be
atained immediately in the fidd. The disadvantage of these systems is that the mgor part of
the work must be redlised under demanding conditions of the direct building activity.

5 CONCLUSION

The base of the successful redisation of tunnd is the high qudlity of tunnd lay-out and control
measurements. The qudity of geodetic works is given by the qudity of the control network,
the measurement technology used and the professondly of the geodetic personnel.

The divergent accuracy requirements, the necessity of measurements redlised in acommon
system of co-ordinates and their explicit connection to the tunne congtruction results in using
of new integrated technology of control measurement. Important part of this conception is the
automated storage, transfer and processing of data. To this am local computer networks on
the ste, connected by modems, are builds. Important part of control measurement is the group
of measurement they are oriented to the tunnd surface determination. The am of these



measurements is the determination of the 3-D mode of the tunnel surface, which is for volume
determination of the over breaks, of the used materids, etc., used. The modd can be the base
of the tunnd information system, after their completion by data from another systems
(sgndisation, cameras, phone, ventilation, etc) and implementation in anappropriate
software. The existence of that system would be the first step to the efficient daily service and
the high safety of the future tunndl.
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