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REKONSTRUKCE JAROVSKEHO ZELEZNICNIHO TUNELU
RECONSTRUCTION OF THE JAROV RAIL TUNNEL

OTAKAR HASIK, MIROSLAY CHYBA

HISTORIE

Zeleznice na nasem tizemi mé dlouhou historii. Napf. v roce 1871 bylo
u nds za jediny rok postaveno 1200 km tratf, a to bez jakékoli mechaniza-
ce, jen s pouZitim ruéntho néfadi a povozil. Zelezni¢ni sit’byla v podstaté
vybudovina jiz kolem roku 1900.

Posidzavskd Zeleznice vznikala po etapich v rozmezi let 1881 aZ 1900.
Druhou etapou byl 39,6 kilometru dlouhy tsek Modfany-Dobff§. Trat
z Modran do Vranného n. Vitavou vede podél pravého biehu Vitavy vétsi-
nou poméme pifznivym terénem, jedinou prekédZku tvofil skalnaty masiv
u Jarova, kterym byl prora¥en 393 metri dlouhy tunel.

Stavba probihala od listopadu 1895 rychle, dobif3sk4 trat'byla pfedédna
do provozu 22. zaf{ 1897 a zpiistupnila tehdy zapomenuty kraj, coZ pod-
pofilo rozvoj mistntho pramyslu. Ten byl naopak zdrojem stédlého pifjmu
za piepravy pro Zeleznici.
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Obr. 1 Dobovd pohlednice
Fig. 1 Period picture postcard

KdyZ piSeme o historii, nemuZeme nezminit pithodu z 2. vétové vilky.
Na konci vilky, na jafe 1945, Gto€ily americké a sovétské letouny na es-
kém uzemi na pozemni cile, a tim ochromovaly vile¢nou maSinérii.
Lidové oznaCeni ,kotlafi* reflektovalo fakt, Ze jejich nejéastéj§im cilem
byly parni lokomotivy (resp. jejich kotle).

Podle vyprévéni ofitého svédka se jeden z ttokli odehrél privé pred
Jarovskym tunelem. ,.Kotldri* nalétli nad osobni vlak nejdiive bez stielby.
Tak upozomili cestujici a osadku, aby vlak zastavili a opustili, aby nedoilo
ke krveproliti. Pak znovu nalétli, aby znicili lokomotivu. NeZ se viak ten-
krit letadla ototila, strojvedouci vlak znovu rozjel a zajel do Jarovského
tunelu a vozy i parni stroj zachrénil.

V 50. a 60. letech slouZila trat' mimo jiné velkému po¢tu vikendovych
turistd, trampd, ktef{ vZdy zaplnili mistni nddraZi. Dnes ji¥ vlakem cestuje
lidi méné, ale romantickd trat’ vedouci malebnou krajinou povltavi
a posdzavi zvand ,,posdzavsky pacifik” je stdle populdrni a m4 jisté dalsi
budoucnost pred sebou, uvazuje se o elektrifikaci pro pfiméstskou dopravu.

GEOLOGIE A HYDROGEOLOGICKE POMERY

Jarovsky tunel je vyraZen na pravém biehu feky Vltavy v zépadnim
svahu skalniho hiebene katastru obce Zvole. Bezprostfedni okoli a nadlozi
tunelu tvoff sedimenty svrchnéproterozoické §téchovické skupiny, zastou-
pené prachovci a jilovei, pouze v okoli vjezdového portélu jsou zastoupe-
ny relativné mladsf série hrubozrnnéjsich drob. Rytmické stfidéni jednotli-
vych poloh s dklonem cca 20-40° k jihovychodu je dobfe opticky rozligi-
telné a je patrné i na fotografiich.

Z hlediska hydrogeologického tvoii horniny Stéchovické skupiny pukli-
novy kolektor se zvy¥enou propustnosti pfi povichové zvétralé z6né. Voda
se vyskytuje v poruchéch a otevienych puklindch a jeji vydatnost je vyraz-
né ovliviiovdna mnoZstvim sraZek, vykazuje mirnou agresivitu vii&i beto-
novym konstrukcim kvili vy§§imu obsahu siranovych iontli. V deftivych
obdobich pracovnici zaznamenali fadu v§ront a zavlhljch mist v tunelu,

HISTORY

The history of railway in the Czech Republic is long. For example, the
year 1871 saw 1200km of new tracks, which were built during a mere one
year, without any mechanical equipment, using only hand tools and carts.
The development of railway network was, in substance, finished as long
ago as about 1900.

The railway line along the Sdzava River was being developed in stages
between 1881 and 1900. The second stage was the 39.6km long Modiany-
Dobri¥ section. The rail line from Modfany to Vranné n. Vltavou leads
along the left bank of the Vitava River, mostly through relatively favou-
rable terrain, with the only obstacle formed by a rock massif near to the vil-
lage of Jarov. The massif was overcome by means of a 393m long tunnel.

The progress of the construction, which started in November 1895, was
fast. The rail line to Dobii§ was inaugurated on 22nd September 1897 and
opened up the, at that time forgotten, region, and, consequently, promoted
the development of local industry. Conversely, the industry was a source of
permanent income for the railway.

While writing about the history, we must not fail to mention a story from
the second world war. At the end of the war, American and Soviet airpla-
nes attacked ground targets in Bohemia to paralyse the war machinery. The
Czech colloquial expression “kotlar” (“boilermaker”™) for the pilots reflec-
ted the fact that the most frequent target of the fighters were steam loco-
motives (or rather their boilers).

According to an eye witness's narration, on of the attacks took place just
before the Jarov tunnel. First, the “boilmakers” used to fly above a train
without firing so that passengers and locomotive operators were warned,
stopped the train and left it, thus bloodshed was avoided. Then they made
a loop and returned to destroy the engine. In this particular case, before the
fighters managed to return, the locomotive driver restarted the engine and
hid the train in the tunnel to save the carriages and steam engine.

In the 1950s and 1960s, the rail line was used, apart from other users, by
weekend tourists, who used to fill the local station. Today, the numbers of
passengers are smaller, but the romantic track, passing through the pictu-
resque landscape along the Vltava and Sizava Rivers, which has been
nicknamed “the Sdzava Pacific”, is still popular and certainly has a bright
future ahead; the electrification of the track for suburban services is under
consideration.

GEOLOGY, WATER

The Jarov tunnel was driven on the right bank of the Vitava River, through
the western slope of a rock crest, in the Zvole village cadastre. The immedi-
ate surroundings and overburden of the tunnel consists of Upper Proterozoic
sediments of the Stéchovice Member, represented by siltstone and claystone;
relatively younger series of coarse-grained greywacke are found only in the
vicinity of the entry portal. Rhytmic alternation of individual SE trending
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Obr. 2 Hlavni édst tunelu je ponechdna bez osténi
Fig. 2 The main part of the rock excavation is left unlined




Obr. 3 Portdl! a prvnich 40 m s provizornim zajisténim
Fig. 3 The portal and initial 40m with a temporary support

ponejvice pravé v dseku do 10 m od Vranského portélu, kde je minimélni
nadloZf (pak jiZ skalni svah stoupd pfikfe vzhiiru). V obdobi rekonstrukce
byly ale sraZky minimélni, nepfedpoklddaly se tedy pritoky do vyrubu.

PUVODNI STAV TUNELU A PROJEKT REKONSTRUKCE

Tunel dlouhy 393 m je obezdén jen v priportilovych usecich v délkdch
cca 70 m, hlavni st tunelu je ponechdna jen ve skalnim vyrubu (obr, 2).
Obezdivka portdlu k Vranému n. Vltavou byla v havarijnim stavu, prvnich
40 m bylo podskruZeno ocelovymi oblouky a dfevénymi paZnicemi
a rychlost prijezdu vlaki zde byla omezena na 10 kmv/h.

Projekt rekonstrukce tohoto tiseku zpracovany firmou SEDOS v &ervnu
2007 vychézel z koncepee rekonstrukei jednokolejnych Zelezni¢nich tune-
10 v osmdesitych letech dvacétého stoleti, provadénych zpravidla za ome-
zeného vlakového provozu na trati v nékolikahodinovych vylukich bez
nasazen{ modernich vykonnych mechanizm®. PouZival se pracovni vlak
s vagony naloZenymi leh&imi mechanizmy (vrtaci soupravy, sbijeci sou-
pravy/impaktory, zdvihaci pracovni plodiny, jefdb, stifkaci souprava)
a s vagony pro zachyceni a odvoz vybouraného zdiva, rubaniny
a materidlu. Projekt pfedepsal vybourdni horni &4sti kamenné obezdivky,
tedy klenby, zvétSeni vyrubu klenby (zvySeni tunelu pro budouci elektrifi-
kovany provoz) a provedeni izolace a definitivniho osténi klenby
s ukonéenim nad opérami. Opéry mély byt pouze zpevnény sparovénim
a injektdZ{ a drend? svedena k zakladim.

MODERNI ZPUSOB REKONSTRUKCE

Investor SZDC po vybérovém fizeni povéfil firmu Subterra a. 5. — divi-
zi 1 rekonstrukei. Prace v tunelu se provddély v obdobf{ tiplné vyluky traté
od 5. 11. 2007 do 20. 12. 2007 podle realizaéniho projektu Metroprojektu
Praha a. s.

ProtoZe bylo zadédno, Ze hlavni prace rekonstrukce tunelu probéhnou za
Gplné vyluky traté, bylo navrZeno alternativni feSeni rekonstrukce, které
pii zachovdviéni koncepce piivodniho projektu pfinasf moderni spolehlivé
feSen izolace a konstrukce osténi a vychdzi ze soucasného strojniho vyba-
veni a zkuSenosti firmy Subterra a. s. Uprava spo¢ivd zejména v tom, Ze
opéry jsou rekonstruovény stejné jako klenba.

PRIPRAVA, BOURANI A DOBIRANI PRUREZU A PRIMARNI ZANSTEN(

Ochrana kolejového svrSku se provedia panely, dfevénym zaklopem,
Stérkem a geotextilif tak, aby se vytvofila stavebni cesta pro mechanizmy
v celé ¥ifi dna tunelu. Datovy kabel vyvéSeny na obezdivce byl vymeénén
za novy a ulozen do nové chrani¢ky poloZené v kolejovém loZi. Pak byly
zahdjeny vlastni price.

Smérem zevniti tunelu k portdlu se po zdbérech odstraniovaly ocelové
oblouky a dievéné paZiny provizorntho zajidténi, vybourala se stdvajici
obezdivka v klenbé a ndsledné i v opérich, vyrubal se zvétSeny prurez
v klenbé do poZadovaného tvaru. Nésledovalo dotasné zajistén{ primérnim
osténim jako pii postupu podle NRTM tvofené kotvami a stiikanym beto-
nem C 20/25 v tloustte cca 50-100 mm s jednou vyztuZnou siti.

ROZPOJOVANI, PREDPOKLAD A SKUTECNOST VLASTNOST] HORNIN
Bourdni osténi a rozpojovani skalni horniny (dobirdni) se zdsadné pred-
poklédalo a provddélo mechanickym zpisobem, tj. pomoci impaktoru
a tunelového rypadla.
Z fyzikdlnich a mechanickych vlastnosti hornin byla vzhledem ke zna¢-
né homogenité masivu a z divodu navrzeného rozpojovdni bez pouZitf
trhacich praci dileZitym parametrem pevnost v prostém tlaku. Udaje

layers, dipping about 20-40°, is well optically recognisable and is visible
even in photographs.

From the hydrological point of view, the Stéchovice Member rocks form
a fissure aquifer, with increased permeability of the surface, weathered
zone. Water, which is found in faults and open fissures, with the yield sig-
nificantly depending on precipitation, displays a slightly corrosive effect
on concrete structures due to a higher content of sulphate ions. Workers
recorded many leaks and wet points in the tunnel in rainy periods, most of
all within the above-mentioned section up to 10m from the Vranné portal,
where the overburden is the shallowest (then the rock slope rises steeply
up). Because minimum rain precipitation was recorded during the recon-
struction, no flows into the tunnel were expected.

ORIGINAL CONDITION OF THE TUNNEL AND THE DESIGN
FOR THE RECONSTRUCTION

The 393m long tunnel is provided with a lining only in about 70m long
portal sections, whilst the rock surface in the main part of the tunnel is bare
(see Fig. 2). The lining of the portal on the side toward the village of
Vranné n. Vitavou was in an emergency condition; the initial 40m long
section of the tunnel was supported by steel frames and wooden lagging.
The speed of passing trains was restricted to 10 km/h.

The design for the reconstruction of this section, which was carried out
by SEDOC in June 2007, was based on the concept of reconstructions of
single-rail tunnels which had been applied in the 1980s, i e. reconstructions
which were performed usually under restricted traffic and during several
one-hour closings of traffic, without modem, high performance equipment.
They used a construction train, with carriages loaded with lighter mecha-
nical equipment (drilling sets, impactors, hoisting platforms, a crane,
spraying machine) and carriages holding and carrying away masonry
debris, muck and materials. The design prescribed that the upper part of the
masonry lining, i.e. the vault, be removed, the excavated cross section be
increased in the vault (to increase the height clearance for the future elect-
rification of the rail line), a waterproofing system be installed and the final
lining of the vault ending on the top of side walls be erected. The sidewalls
were to be only strengthened by pointing and grouting and drains were to
be extended to reach the footings.

MODERN RECONSTRUCTION BY SUBTERRA A.S.

The client, the Railway Infrastructure Administration, awarded the con-
tract for the reconstruction to Subterra a.s, the winner of the tender.
Division 1 of Subtemra a.s. worked in the tunnel according to a detailed
design supplied by Metroprojekt Praha a.s., in the period from 5.11.2007
to 20.12.2007, when the line was completely closed to traffic.

Because the tender conditions allowed the contractor to carry out the
principal items of the works during a complete closure of the line to traf-
fic, an alternative design for the reconstruction was approved which, while
maintaining the concept of the original design, provides a modem and reli-
able solution to the waterproofing and lining structure and, in addition, is
based on the existing mechanical equipment and Subterra’s experience.
The main item of the design modification is that the sidewalls are recon-
structed concurrently with the vault.

Obr. 4 PFicny rez ptivodniho a rekonstruovaného tunelu
Fig. 4 A cross section of the original tunnel and reconstructed tunnel



Obr. 5 Detail pobirdni skalniho masivu a pitvodni obezdivky
Fig. 5 A detail of the breaking of the rock and the original masonry lining

z prazkumu hovofily o hodnotach 50 az 70 MPa. Navic se predpoklddalo
podle zkuSenosti z obdobnych rekonstrukei, Ze horninovy masiv bude za
osténim rozvolnény do vzdalenosti pfiblizné 1 m a rovnéZ stivajici kamen-
néd obezdivka Ze bude narusend. Toto se k prekvapeni viech zicastnénych
nestalo a skuteénd tvrdost horniny znamenala jeden z nejvétiich problémi
pii rekonstrukei. Hned za obezdivkou byla méfena pevnost v tlaku, prii-
mérnd hodnota byla 137 MPa. Rovné vlastni obezdivka byla velmi pevna.
Cas potiebny k rozpojovani horniny a sneseni obezdivky byl nedmémé
velky a ohroZoval harmonogram praci a termin znovu uvedeni Zeleznice
do provozu.

IZOLACE, DRENAZE A DEFINITIVNI OSTEN(

KdyZ bylo dokonéeno primérni osténi jednoho pasu, instaloval se po
obvodu klenby a opér standardn{ izolagnf systém deStnikového typu, stej-
né jako u novostaveb se svedenim prosakujici vody k drendZ{m v paté opér.
Céstecné perforované trubky Raudril DN150 s roviym dnem byly uloZe-
ny v mezerovitém (drendZnim) betonu a vyvedeny do odvodiiovacich
Sachti¢ek pred portdlem.

PFi zpracovéni realizaénfho projektu bylo vybirdno ze dvou systémi izo-
lace, féliové izolace a stifkané izolace. Porovnédn{ systémd a ceny je nésle-
dujict:

Klady strikané izolace:

© jednoduS¥i a rychlejdi aplikace bez sloZitych mechanizml (nejsou

nutné plodiny, vrtani kotev, svarovéni atd.),

@ jednodud3{ detaily napojovén{ a ukon¢ovdni,

o jednoduchd a spolehlivéj3i aplikace ve sloZitych tvarech (vyklenek,

Zlab),

e prusak se projevi v misté poruchy izolace (nenf drendni vrstva mezi

primdmim a sekundédrnim osténim).

Klady féliové izolace:

e geotextilie za izolaci zajistf odvod vody (drendZni Géinek) do pated-

nich drendzi,

e nevyZaduje tak hladky, jemny povrch primdmiho osténi,

e jednodule prokazatelnd (instalovand) tloustka izolace (u stfikané izo-

lace zdvis{ tloustka na zkuSenosti obsluhy),

e instalaci neprovézi prainost,

e cena je niZii.

Vzhledem k technicky vhodnéj§im vlastnostem féliové izolace (zejmé-
na drenéZni G¢inek ochranné geotextilie a prokazatelné spolehlivé tloustky
folie) a dile vzhledem k niZ&i cené a dlouhodobym zkuSenostem s timto
materidlem byla vybrdna féliov4 izolace. Na podkladn vrstvun z geotextilie
500 g/m® wpevnénou na primédrni osténi pfiSla izolaéni félie PE
Carbofol®*Tunnel Liner tl. 2 mm se signdlni vrstvou 0,2 mm se zesilenfm
pésy félie v pracovnich spérach.

Definitivni (sekundérni) osténi o celkové tloustte 250 mm je ze stfika-
ného betonu C 25/30 XF1 vyztuZeného dvéma polohami svafovanych siti
pripojenych na vyztuZné oblouky. Osténf se nastifkdvalo po jednotlivych
pasech délky cca 10 m. Prvni pracovni spdra po 10 m za portdlem je dila-
tacni. Jeden vyklenek byl vybudovédn 25 m od portdlu napravo, na strané
do hory, resp. na stejné strané jako je stivajici vyklenek cca 50 m od
portalu.

GEOMONITORING

Pro ovéfeni chovéni skalniho prostfedi pfi odstranéni obezdivky
a dobirdn{ prifezu byly osazeny dva pétibodové méfici profily. Naméfené
deformace byly jen nékolik mm, v§rub byl stabilni, a proto definitivni
ostén{ jiZz nebylo méfeno. Geologické poméry byly sledoviny béné na
kazdé celbe.

PLANNING, BREAKING AND ENLARGEMENT OF
THE EXCAVATED CROSS SECTION AND PRIMARY SUPPORT

Trackwork was protected by means of panels, timber decking, gravel
and geotextile. This is how a construction-purpose pavement for equip-
ment, covering the whole width of the tunnel floor, was built. The data
cable which was suspended on the lining was replaced by a new cable,
which was embedded in the ballast, in a new duct. Then the reconstructi-
on work itself started.

The steel frames and wooden lagging forming the temporary support
were removed stepwise, in individual advances proceeding from the tun-
nel interior toward the tunnel portal, the existing masonry lining was remo-
ved first in the vault and then on the sides and the excavated cross section
was enlarged in the crown to the required shape. The installation of the
temporary support followed. It consisted of the surrounding rock mass
which was reinforced by anchors and a 50 — 100mm thick layer of C 20/25
sprayed concrete with one layer of steel mesh.

ROCK DISINTEGRATION, ASSUMED AND ACTUAL ROCK
PROPERTIES

The breaking of the lining and disintegration of the rock mass (cutting
back) was, in principle, assumed to be carried out and was carried out
mechanically, using an impactor and tunnel excavator.

Of the physical and mechanical properties of the rock, unconfined com-
pression strength was of great importance with respect to the high homo-
geneity of the massif and the proposed excavation technique, avoiding the
use of explosives. The data obtained by the exploration showed values of
50 to 70 MPa. In addition, it was expected according to the general expe-
rience of similar reconstruction jobs that the rock mass behind the lining
would be loosened up to a depth of about 1.0m and the existing masonry
lining would also be eroded. To general surprise of all parties, the expecta-
tion turned out to be incomrect. The actual hardness of the rock posed one
of the biggest problems during the reconstruction. The average rock
strength which was measured just behind the lining reached 137 MPa.
Even the lining itself was very hard. The time required for the rock brea-
king and removal of the lining was excessive and threatened the works
schedule and the term for the reopening of the track to traffic.

WATERPROOFING, DRAINAGE AND FINAL LINING

‘When the primary lining of one round had been completed, a standard
umbrella-type waterproofing system was installed around the circumferen-
ce of the vault and side walls, in the same way as at newly built tunnels,
with the seeping water being taken down to the drains running along the
footings. Partly perforated, flat-bottom pipes Raudril DN 150 were embed-
ded in porous (drainage) concrete and connected to drainage shafts in front
of the portal.

Two waterproofing systems, i.e. a membrane and a spray-on system,
were under consideration during the work on the detailed design. The com-
parison and costs of the two systems are as follows:

Positives of spray-on waterproofing:

e simpler and faster application, without complicated equipment (there

is no need for hoisting platforms, drilling for anchors, welding etc.)

o simpler details of joints and ends

e simple and more reliable application in the cases of more complex sha-
pes (niches, troughs)

e any seepage is visible directly in the location where the waterproofing
is actually defective (there is no drainage layer between the primary
and secondary liners

Positives of membrane-based waterproofing:

e the geotextile behind the membrane acts as a drain, ending in the foo-
ting drainage

® it does not require so smooth, fine surface of the primary lining

e the thickness of the installed waterproofing layer is easy to prove (the
thickness of a spray-on waterproofing layer depends on operator’s
experience)

e the installation is not accompanied by an increased rate of airborn dust

o the cost is lower

With respect to the technically more suitable properties of membrane
waterproofing (above all the drainage effect of the protective felt and reli-
ably provable thickness of the membrane) and further, considering the
lower cost and long-term experience of the application of this material, the
membrane waterproofing system won. The system consisted of a 500g/m?
geotextile sub-base, which was fixed to the primary lining, 2. 0mm thick PE
Carbofol®Tunnel Liner waterproofing membrane with a 2mm thick signal-
ling layer and strengthening bands of the membrane installed in day joints.

The final (secondary) 250mm thick lining consists of C 25/30 XF1
shotcrete, support frames and two layers of welded mesh, which are fixed
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Obr. 6 Rekonstruovany tunel
Fig. 6. The tunnel after reconstruction

ORGANIZACE VYSTAVBY

Zatizenf staveni§té bylo pfimo pfed portdlem na pruhu podél koleji
v délee cca 150 m a v zélivu podél silnice u Vltavy. V3echna média byla
zaji§tovdna z mobilnich zdroji. Rozebirdni obezdivky a dov§rub postupo-
valy zevnitf tunelu k portdlu. Stifkany beton primarntho i sekundédmiho
osténi byl ze suché smési. Betondrka byla umisténa v ZS na trovni komu-
nikace a Cerpala se do vy8ky cca 10 m do tunelu.

Pro vystavbu byly pouZity dva malé bagry Takeuchi 153 a 183
s impaktory, univerzélni jefdb a zdvihaci plo§ina Manitou, univerzalni
dvoucestny bagr Liebherr 900 (s moZnosti jizdy po kolejich), souprava pro
stiikdni suché betonové smési Aliva, kompresor, éerpadlo na vodu (voda
byla dovéZena v cisterndch) a mobilni elektrocentrila.

Dopravu a ulozeni rubaniny zaji§toval dvoucestny bagr s nakladkou na
drézni ,mufku® osazenou kontejnerem ,,striiger vanou™. Rubanina byla
uloZena doCasné na plose pfed portdlem a potom prevezena a uloZena na
sklddku. Po dokondenf osténi a jeho proméfeni byla ochrana koleje odkli-
zena a kolej smérove i vyikové vyrovndna,

ZMENY V PRUBEHU REALIZACE

Vzhledem k tomu, Ze se jednalo o rekonstrukei, byly nékteré skutednos-
ti zjitovany teprve béhem vystavby a podle zji§téného stavn a zaméfeni
bylo nutno upravit postup praci a &dsti stavby.

Stavajici zédklad opéfi byl pevnéj§l neZ nové navrZen§ (vice neZ
50 MPa), proto se neboural.

Uprava drendiniho systému byla vyvoland krdtkou vylukou, pii které
musela byt ponechédna kolej (pouze ochrdnéna). DrendZ v hioubce 1,2 m
pod TXK. se nedala provést. Proto byla pateni drendz vyvedena aZ
pred portal.

ZKUSENOSTI A PROBLEMY Z VYSTAVBY Z POHLEDU
ZHOTOVITELE

Problém znamenala mald vyska pracovniho prostoru, bylo moZno nasa-
dit jen malé stroje. Bourdni osténi pod vroven $térkového loZe pfi pone-
chéni kolejového svriku bylo znagné zdlouhavé a problematické.
Rozsdhlejsi rekonstrukci by bylo lepsi providdét po demontdZi koleje
a s pouZitim trhacich praci. DodrZeni projektovaného tvaru primamiho
ostén{ bez v§ztuZnych rdma &inilo znacné obtiZe, proto bylo nutno rémy
provizomé stavét jako $ablonu. i
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to the frames. The lining was sprayed stepwise, in about 10m long blocks.
The first day joint, which is 10m behind the portal, is of the expansion type.
One safety recess was provided at a distance of 25m from the portal, on the
site toward the rock massif (on the same side where there is an existing
recess — about 50m from the portal).

GEOMONITORING

Two 5-point measurement stations were installed for the purpose of
monitoring of the behaviour of the rock environment during the work on
the removal of the lining and the cutting back of the profile. The measured
deformations were only several millimetres; the excavation was stable,
therefore other measurements on the final lining were not necessary.
Geological conditions were commonly monitored at each heading.

CONSTRUCTION ORGANISATION

The site facility was erected just in front of the portal, within an about
150m long belt along the track, and in a lay-by along a road near the
Vitava. All media were provided from mobile sources.

The dismantling of the lining and the enlargement of the excavated pro-
file proceeded from the tunnel interior toward the portal.

Shotcrete for the primary and secondary liners was applied using a dry
mix. The batching plant was located at the site facility, at the road level,
and concrete mix was pumped to the tunnel, to the level of about 10m.

The list of equipment: two small excavators Takeuchi 153 and 183 with
impactors, a universal crane and a Manitou hoisting platform, a Liebherr
rail-roader excavator, an Aliva dry mix spraying set, a compressor, water
pump (water was brought in tanks) and a mobile generator.

The transport and deposition of the muck was provided by the rail-roa-
der excavator, which loaded the muck on a Diesel railcar carrying
a dumpster. The muck was temporarily deposited in the area in front of the
portal and subsequently moved and deposited to a permanent dump.

When the lining structure and the survey of the lining had been comple-
ted, the protective decking of the track was removed and the track was reli-
ned both horizontally and vertically.

CHANGES DURING THE COURSE OF THE WORKS

Because of the fact that the job was a reconstruction, some facts were
found only during the course of the works. The work procedures or parts
of the construction had to be modified in accordance with the identified
conditions.

The existing footings of the side walls were stronger than the newly
designed footings (over 50 MPa), therefore it was not demolished.

A modification of the drainage system was necessary because of the
short time of the track possession, during which the rail had to remain
untouched (only provided with protection). The drainage could not be
installed at the depth of 1.2m under the top of rail. For that reason the
drains running along the footings were brought as far as the front of the
portal.

EXPERIENCE AND PROBLEMS OF THE RECONSTRUCTION
FROM CONTRACTOR'S VIEWPOINT

The small height of the working space posed a problem: only small equ-
ipment could be used.

The breaking of the lining under the ballast bottom level, with the track-
work left in place, was very time consuming and problematic. A more
extensive reconstruction would be easier to carry out with the track remo-
ved and using the blasting.

The task to keep to the designed shape of the primary lining without sup-
port frames was very difficult. It was necessary to erect the frames tempo-
rarily, as templates. i
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Omluva autoru ¢lanku ,,Metodika zkouSeni poZiru v tunelech pozemnich komunikaci*

Clinek ,,Metodika zkoueni poZ4ri v tunelech pozemnich komunikaci® (Tunel &. 1/2008) popisuje zdvéry védeckého projektu OPTUN zabyvaji-
ciho se na vyzkumné tirovni mimo jiné i pfistupem k riznym typim zkougek poZ4rni bezpe€nosti.

Z ¢ldnku by mohlo vyplynout, Ze metodika zkou3enf je schvédlena, éemuZ tak neni. Jednd se o prvni navrh, ktery bude dél projedndvin. Platf oviem,
Ze dopracovéni metodiky bude mit velky vyznam, nebot'uvede celou problematiku zkoudeni poZiry do redlné a ekonomicky akceptovatelné podoby.

Prof. Ing. Pavel PFibyl, CSc., Ing. Milan Kostil, Ph.D.



