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RAZENE TUNELY OLBRAMOVICKY A TOMICKY 1.
NA TRATI VOTICE - BENESOV U PRAHY
OLBRAMOVICE AND TOMICE | MINED TUNNELS
ON THE VOTICE - BENESOV U PRAHY RAIL TRACK

LIBOR MARIK

Soucdsti modernizace trati Votice — BeneSov u Prahy je cel-
kem 5 tuneli. Kromé hloubeného tunelu Voticky projektuje
firma IKP Consulting Engineers i realiza¢ni dokumentaci tune-
I Olbramovicky a Tomicky I. Oba tunely se z hlediska tech-
nologie provadéni déli na dseky hloubené a tdseky razené
pomoci NRTM. Prispévek informuje o zkuSenostech
z vystavby, porovnava prognézu a skutecnost z hlediska geo-
technickych podminek a nasazeni technologickych tfid vyrubu,
dimenzovdni definitivniho osténi a obecné vyznamu geomoni-
toringu na optimalizaci technického feSeni prfi vystavbé. Oba
tunely jsou raZeny s nizkym nadloZim v tektonicky silné poru-
Seném masivu. Pfesto umoznily vysledky geomonitoringu
u Olbramovického tunelu pouZit na C¢dsti razeného useku
nevyztuzené definitivni osténi.

1. OLBRAMOVICKY TUNEL - ZAKLADNI INFORMACE

Olbramovicky tunel lezi na trati mezi tunely Zahradnickym
a Votickym, pric¢emz od Votického tunelu jej déli pouze zarez
traté délky cca 100 m. Celkové délka hloubenych tuneld dosa-
huje 120 m, raZeny udsek tunelu mé délku 360 m. Razba probi-
hd Novou rakouskou tunelovaci metodou a pro raZeny usek
délky pouhych 360 m je navrzeno celkem 5 technologickych
tfid vyrubu oznacovanych fimskymi ¢islicemi II. az VI. Do nej-
lepSich geotechnickych podminek je uréena tiida vyrubu II., do
nejhorsich pak tfida vyrubu VI. se spodni klenbou. Pro tak krat-
ky dsek nadstandardni pocet technologickych tiid vyrubu ma
za el moZnost optimdlniho nasazeni prvku zajisténi stability
vyrubu (tloustka stiikaného betonu primdrniho osténi, pocet
vyztuznych siti, délka, typ a pocet kotev, pocet jehel, délka
zabéru apod.) podle skuteéné zastizenych geotechnickych pod-
minek. Zvl4stni technické kvalitativni podminky a zpusob oce-
néni jednotlivych prvka navic umoZiuji upravovat tyto prvky
i v rdmci technologické tridy vyrubu, takze investor i zhotovitel
maji moZnost nasadit jen takovy zpusob zaji§téni, ktery odpo-
vidd potfebdm pro dosaZeni bezpedného postupu razby
a zdroven ekonomicky nutnému minimu investi¢nich nakladu
s ohledem na chovédni horninového masivu pfi razb€. Tunel
o podélném sklonu 10,5 %o lezi ve smérovém oblouku
o poloméru 1 200 m a je navrzen pro rychlost 160 km/h. Tvar
pri¢ného fezu tunelu odpovidd vzorovému listu dvoukolejného
tunelu s tim, Ze pro prevy$eni 122 mm bylo nutné odsunout osu
tunelu od osy koleji o 200 mm.

2. GEOTECHNICKE POMERY OLBRAMOVICKEHO
TUNELU - PROGNOZA A SKUTECNOST

2.1 Hloubené tseky tunelu

Geotechnické poméry se podél trasy tunelu méni, a to jednak
s ohledem na vySku nadloZi, jednak s ohledem na kvalitu hor-
ninového masivu. Vyska nadloZi nepfesahuje 27 m. Z hlediska
kvality horninového masivu byla v oblasti vjezdového portdlu
oekdvédna hlubokd zvétrald zéna rul, kterd byla pruzkumem
avizovana az do oblasti po¢vy tunelu. Z toho davodu byl cely
hloubeny tsek navrzen se spodni klenbou a i prvni étyfi bloky

A total of 5 tunnels is part of the modernisation of the Votice
— BeneSov u Prahy railway track. In addition to the Votice cut-
and-cover tunnel, IKP Consulting Engineers, s. r. 0. carries out
the detailed design for the Olbramovice and Tomice I tunnels.
Both tunnels are divided from the technological point of view
into cut-and-cover sections with sections mined using the
NATM. This paper informs about experience from the con-
struction work, compares the prediction with the reality in
terms of geotechnical conditions and determination of excava-
tion support classes, designing of the final lining and the
importance of geotechnical monitoring for the optimisation of
the technical solution during the construction in general. Both
tunnels are driven through a tectonically heavily disturbed mas-
sif, under a shallow cover. Despite this fact, owing to the
Olbramovice tunnel geomonitoring results, it was possible to
design an non-reinforced final lining for a part of the mined
section.

1. THE OLBRAMOVICE TUNNEL - BASIC INFORMATION

The Olbramovice tunnel is located on the rail track between
the Zahradnice tunnel and Votice tunnel, with a mere 100 m
long open cut section separating it from the Votice tunnel. The
total length of the cut-and-cover sections amounts to 120 m,
whilst the mined tunnel section is 360 m long. The excavation
proceeded using the New Austrian Tunnelling Method, the
NATM. A total of 5 excavation support classes, denoted by
Roman numerals II through VI, were determined for the mined
section. Excavation support class II was designed for the best
geotechnical conditions, whilst class VI employing an invert
was for the worst conditions. The purpose of the above-stan-
dard number of excavation support classes designed for such
a short section was to allow optimal application of elements
ensuring the stability of the excavation (the thickness of the
shotcrete primary lining, the number of welded mesh layers,
the length, type and number of anchors, the number of dowels,
the length of excavation rounds etc.) with respect to the geo-
technical conditions encountered. In addition, Special
Technical Specifications and the method of estimating indivi-
dual elements made it possible to adjust these elements even
within the framework of a particular excavation support class.
Therefore, both the project owner and the contractor could
apply only such the excavation support which was adequate to
the needs of reaching safe progressing of the excavation and, at
the same time, to the minimum of investment costs economi-
cally necessary with respect to the behaviour of the excavated
opening during the course of the excavation. The tunnel longi-
tudinal gradient is 10.5 %o. It lies on a horizontal curve with the
radius of 1200 m; the design speed is 160 km/h. The tunnel
cross-section geometry corresponds to the standard sheet for
a double-track tunnel, with the tunnel centre line set off from
the centre line of rails by 200 mm because of the superelevati-
on of 122 mm.
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Obr. 1 Pricny rez tunelu se spodni klenbou
Fig. I Cross-section through the tunnel with an inverted arch

betondze razeného tunelu byly navrzeny v technologické tfidé
vyrubu VI. se spodni klenbou (obr. 1). V dal$ich dsecich tune-
lu jiz umoznovaly geotechnické podminky pouZit osténi uloze-
né na patkdch (obr. 2). V oblasti vyjezdového portdlu méla
zvétrald zona zasahovat do kaloty tunelu a kromé rul byla
pfimo na rozhrani hloubené a razené Cdsti tunelu oekdvdna
poloha granitu. Stfiddni poloh granitu, biotitickych rul
a grafitickych bfidlic o rGzném stupni zvétran{ i tektonického
poruseni bylo charakteristické pro celou razbu tunelu. Stavbu
zahdjilo 1. 11. 2009 hloubeni stavebni jamy vyjezdového por-
talu. Svahy stavebni jamy zajiStuji pouze tycové kotvy délky
4 m a 6 m provadéné do cementové zélivky. Pohled do staveb-
ni jamy vyjezdového portdlu, kde je pfipraven vuz pro osazo-
véani hydroizolaéni félie a za nim bednici vuz, ukazuje obr. 3.
Zemni prace probihaly bez problému a po zajisténi navrZeném
v projektové dokumentaci byly svahy jamy stabilni, i kdyz
z6na zvétrani zasahovala do vétSi hloubky a poloha granitu
nebyla pfi hloubeni, ani po zahdjenf{ razby zastiZzena. V dolnich
partiich stavebni jdmy a na portdlovém svahu je proveden
kromé kotveni i stabiliza¢ni nastrik stfikaného betonu se sit{
KARI. Souddsti stavebni jamy je i zdrodek kaloty. Jednd se
o konstrukci provedenou z vyztuznych rdma, siti a stifkaného
betonu, kterd je pevné zaloZena na Zelezobetonovych patkach.
Tvarové odpovidd primarnimu osténi v navazujicim raZeném
useku. Jeji tlohou je stabilizovat portdlovy svah a chranit osad-
ku pred pripadnym padem predmétd z portidlového svahu do
jamy. Ddle tvori rubové bednéni bloku betondZe, ktery z razené
¢asti tunelu ¢dsteéné zasahuje do stavebni jamy. V neposledni
fadé tvori podporu destniku z jehel z betonarské oceli @32 mm
délky 6 m, které zajiStuji pristropi tunelu pri zahdjeni razby.
Slavnostni okamzik zahdjeni razby tunelu pod zarodkem kalo-
ty ukazuje obr. 4.

2.2 Razené useky tunelu

Firma IKP Consulting Engineers neni priznivcem zahdjeni
razby pod mikropilotovym deStnikem, nebot’ tuto technologii
povaZzuje za prili§ finan¢né i ¢asové narofnou. Vysledny efekt
zpravidla neodpovidd z hlediska provadéni ofekdvanému pfi-
nosu. Nepfesné vrtani mikropilot na del§i vzdilenosti vede bud
k nadvyrubum, nebo ke komplikacim pfi odfezdvéani mikropi-
lot, pokud zasahuji do profilu tunelu. Pfi délce zdbéru pri zahd-
jeni razby do 1 m zpravidla dostate¢né stabilizuji obvod vyru-
bu ocelové jehly. Stabilitu celby je pak mozné zajistit celbo-
vym klinem a pripadné lokdlnim kotvenim pomoci celozdvito-
vych ty¢i osazovanych do cementové zdlivky.

Obr. 2 PFi¢ny ez tunelu na patkdch
Fig. 2 Cross-section through the tunnel on footings

2. THE OLBRAMOVICE TUNNEL GEOTECHNICAL
CONDITIONS — PROGNOSIS AND REALITY

2.1 Cut-and-cover tunnel sections

Geotechnical conditions of the Olbramovice tunnel vary
along the tunnel route in terms of the height of the overbur-
den and the ground mass quality. The height of the overbur-
den does not exceed 27 m. As far as the quality of the ground
mass is concerned, a thick weathered gneiss zone was expec-
ted in the area of the entrance portal. Its depth was predicted
by the geological survey to reach the tunnel bottom. This was
why an invert was designed for the entire cut-and-cover tun-
nel section and excavation support class IV with an invert
(see Fig. 1) was proposed for the initial 4 casting blocks of
the mined tunnel. Geotechnical conditions existing in the
other tunnel sections allowed the lining to be supported by
footings (see Fig. 2). In the exit portal area, the weathered
zone was expected to reach the tunnel top heading level.
A granite layer was expected to be encountered directly at the
interface between the cut-and-cover and mined parts of the
tunnel, in addition to the gneiss. Alternating layers of grani-
te, biotitic gneiss and graphitic shales in various degrees of
weathering was characteristic for the whole tunnel excavati-
on. The construction started on 1st November 2009 by exca-
vating the construction pit for the exit portal. Slopes of the
construction pit wee stabilised only by 4 m to 6 m long rod
anchors, which were pushed into cementitious grout. A view
down the construction pit at the exit portal, where a travelling
scaffold is prepared for installing the waterproofing membra-
ne and the travelling formwork is behind it, is shown in Fig.
3. Earthmoving operations proceeded without problems and,
after the installation of the support required by the design,
slopes of the pit were stable, despite the fact that the weathe-
ring zone extended to a greater depth and the granite layer
was not encountered either during the pit excavation or after
the commencement of the tunnel excavation. A stabilisation
layer of shotcrete with KARI mesh was added to the ancho-
ring system in the lower parts of the construction pit and on
the portal slope. Part of the construction pit was a starting top
heading stub. It was a structure consisting of lattice girders,
mesh and shotcrete, which was firmly founded on reinforced
concrete footings. Its cross-section corresponded to the lining
in the subsequent mined section. Its task was to stabilise the
portal slope and provide protection against contingent falling
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Obr. 3 Svahovand stavebni jama vyjezdového portdlu
Fig. 3 Sloped construction pit for the exit portal

Razba tunelu byla zahdjena 10. 12. 2009 od vyjezdového
portédlu ve tfidé vyrubu V., kterd odpovidala projektem defino-
vanym predpokladim. Vyrub stabilizovalo systémové kotveni
z kotev SN v poétu 7/8 ks (Sachovnicové) délky 4 m. Primarni
ostén{ tloustky 250 mm vyztuzovaly prihradové ramy a ocelové
sit¢ KARI Q188 pii obou povrsich osténi. Stabilitu pristropi
zajistovaly ocelové jehly. Razbu provdzela méfeni geotechnic-
kého monitoringu, ktery na stavbé zajiStuje firma Arcadis. Ta
provddi i geotechnicky dozor investora a zatfidovani hornino-
vého masivu do technologickych tfid vyrubu. I kdyz byl horni-
novy masiv tektonicky porusSen a razba probihala pouze stroj-
nim rozpojovanim bez pouziti trhacich praci, celkova stabilita
vyrubu byla dobrd. Pfi plose vyrubu kaloty 60 m? se deforma-
ce vyrubu pohybovaly do 10 mm, vyjimeéné dosdhly 15 mm.
Projektem stanovend hodnota varovného stavu 50 mm pro tfidu
vyrubu V. nebyla pfi razbé nikdy dosazena, stejné jako varov-
né stavy definované pro ostatni tfidy vyrubu. Graf na obr. 5
zndzorfiiuje modrou kiivkou prabéh maximélnich ustdlenych
deformaci primarniho osténi po délce tunelu a ¢ervenou Carou
ocekavané deformace podle projektu. Po cca 15 m od vyjezdo-
vého portdlu méla podle projektu prejit technologickd tfida
vyrubu V. ve tfidu vyrubu I'V. Tim mélo dojit ke sniZeni tloust-
ky primarniho osténi na 200 mm, zmensSeni pocétu Kotev
a prodlouZeni délky zdbéru na 1,5 m. Zastupci geotechnického
dozoru vSak vyhodnotili podminky pro zménu tfidy vyrubu
jako nepfiznivé a razba pokracovala v tfidé vyrubu V. celkem
85 m od vyjezdového portdlu. To uz se celba nachdzela
v mistech, kde méla razba podle projektu probihat ve tridé
vyrubu II. s tlouStkou osténi pouze 150 mm, lehkymi vyztuz-
nymi rdmy, pouze jednou sitf Q188 a jen 3 ks hydraulicky

el

Obr. 4 Zahdjeni razby pod zdrodkem kaloty
Fig. 4 Commencement of excavation under the top heading stub
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of objects from the portal slope to the pit. In addition, this
structure formed the outer formwork for the tunnel casting
block, which partially extended from the mined part into the
construction pit. At last but not least, it provided support for
a protective umbrella consisting of 6 m long concrete rein-
forcement bars ¥32 mm, which supported the tunnel top hea-
ding when the tunnel excavation was starting. The ceremoni-
al commencement of the tunnel excavation under the top hea-
ding stub structure is shown in Fig. 4.

2.2 Mined sections

IKP Consulting Engineers, s. r. 0. is not a fan of commen-
cing excavation under canopy tube pre-support because it
considers this technology to be excessively demanding in
terms of costs and time. The resultant effect is usually inade-
quate in terms of the work execution compared with the
expected benefit. Inaccurate drilling for the tubes to longer
distances leads either to overbreaks or to complications when
the tubes have to be cut off when they extend into the tunnel
cross-section. Steel dowels usually sufficiently stabilise the
circumference of the excavated opening if the excavation
round length does not exceed 1 m. The stability of the face
can be ensured by a rock wedge or local anchoring using all-
thread bars inserted in cement grout.

The tunnel excavation commenced on 10th December
20009. It started from the exit portal. The excavation support
class V, which was determined for the work, corresponded to
the design assumptions. The excavation was stabilised by an
anchoring system consisting of 7/8 pieces of 4 m long SN
anchors installed in a staggered pattern. The 250 mm thick
primary lining was reinforced with lattice girders and KARI
Q188 welded mesh at both surfaces of the lining. The stabili-
ty of the top heading was provided by steel dowels.
Geotechnical monitoring measurements were carried out
during the excavation by Arcadis. This firm in addition per-
formed geotechnical supervision for the project owner and
the categorisation of the rock mass in terms of the excavati-
on support classes. Despite the fact that the rock massif was
tectonically disturbed and the tunnel was driven with the rock
disintegration performed solely mechanically, without blas-
ting, the overall stability of the excavation was good. At the
excavated cross-sectional area of the top heading deformati-
ons did not exceed 10 mm, exceeding 15 mm only exceptio-
nally. The alert level of 50 mm which was set for excavation
support class V by the design was never reached during the
tunnel excavation. The same applies to the alert levels defi-
ned for the other excavation support classes. The blue curve
in the chart in Fig. 5 illustrates the course of maximum stabi-
lised deformations of the primary lining along the tunnel
route, whilst the red curve represents deformations anticipa-
ted in the design. After driving about 15 m from the exit por-
tal, the design expected that excavation support class
V would change to class IV. As a result, the thickness of the
primary lining was expected to be reduced to 200 mm, the
number of anchors to be reduced and the length of the exca-
vation round to increase to 1.5 m. Nevertheless, representati-
ves of the geotechnical monitoring assessed the conditions
for switching the excavation support class as unfavourable
and the excavation support class V was applied further, cove-
ring the total distance of 85 m from the exit portal.
Unfortunately, the excavation support class II was expected
by the design to be applied to the excavation at that distance,
requiring an only 150 mm thick lining, light-weight lattice
girders, only one layer of Q 188 mesh and only 3 pieces of
3 m long hydraulically expanded rock bolts per one running
metre of the tunnel. This fact meant that significant dispro-
portions originated in comparison with the design assumpti-
ons. The contractor performed about 2 — 3 excavation rounds
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Obr. 5 Prubéh namérenych a predpokladanych deformaci vyrubu
Fig. 5 Curves for measured and anticipated deformations of the excavation

upinatelnych kotev délky 3 m na 1 béZny metr tunelu. Tim
doslo oproti predpokladim projektu ke znacnym disproporcim.
Zhotovitel provddél v tomto useku cca 2 az 3 zabéry za 24
hodin, ¢emuz odpovidala rychlost razby kaloty max. 3 m/den.
1 kdyz byla ndsledné razba preklasifikovdna do tiidy vyrubu I'V.
a III., prognézovand tfida vyrubu II. nebyla po celou dobu
razby pouzita. Za razbou kaloty nasledovala razba opéfi a do-
birdn{ dna, pfi¢emZ maximdlni vzdélenost eleb dil¢ich vyrubu
urcovala projektovd dokumentace a potvrzoval geotechnik
stavby podle skutedné zastizenych podminek. Clenéni vyrubu
na kalotu a opéfi ukazuje obr. 6, kde je v levé &asti vidét rampa
umoznujici pristup do kaloty tunelu. Jak se razba bliZila
k vjezdovému portdlu, zacaly se zhorSovat geotechnické pomé-
ry, coZ bylo v souladu s ocekdvanym vyvojem. Za takovych
podminek nebylo vhodné provadét prorazku do stavebni jamy
vjezdového portalu. V takovém pripadé je mnohem bezpecncj-
§1 provadét prorazku v hote v dostate¢né vzdélenosti od porté-
lu. V pripadé Olbramovického tunelu byla po dohodé projek-
tanta a zhotovitele dne 23. 4. 2010 ukoncena razba 47 m od

a geotechnician in situ,
according to actually encountered conditions. The excavation
sequence consisting of the top heading and the bench is
shown in Fig. 6, in which, pictured left, there is a ramp pro-
viding access to the tunnel top heading. With the excavation
face approaching the entrance portal, the geotechnical condi-
tions started to deteriorate, in agreement with the design.
Under such conditions it was not advisable for the tunnel to
break through into the construction pit at the entrance portal.
It was much safer if the breakthrough was performed inside
the mountain, at a sufficient distance from the portal. In the
case of the Olbramovice tunnel, based on an agreement bet-
ween the designer and the contractor, the excavation was ter-
minated on 23 April 2010 at the distance of 47 m from the
entrance portal; the excavation face was stabilised by anchors
and shotcrete and the tunnelling equipment was moved to the
entrance portal. A day later, on 23rd April 2010, the night
shift crew started to drive the tunnel in the opposite directi-
on, from the entrance portal (see Fig. 7). It was as early as
during the excavation of the construction pit that the concerns
regarding the depth of the rock mass weathering in the area
of the entrance portal were confirmed. The eluvium at the top
heading bottom level could be disintegrated nearly by hand.

Obr. 6 Clenéni vyrubu na kalotu a opéii
Fig. 6 Excavation sequence consisting of top heading and bench




Obr. 7 Silné zvétralé eluvium na &elbé na vjezdovém portile
Fig. 7 Heavily weathered eluvium at the heading at the entry portal

vjezdového portdlu, Celba byla zajiSténa kotvami a stiikanym
betonem a mechanismy byly presunuty k vjezdovému portdlu.
O den pozdéji 23. 4. 2010 zahdjila no¢ni sména protirazbu od
vjezdového portélu (obr. 7). Jiz pfi hloubeni stavebni jamy se
potvrdily obavy z hloubky zvétrdni horninového masivu
v oblasti vjezdového portalu. Eluvium v drovni dna kaloty bylo
mozné témér rozpojovat rukou a zhotovitel si vymohl do reali-
zaéni dokumentace doplnit alternativni zajiSt€ni portdlu
a zahdjeni razby mikropilotovym deStnikem. Nakonec vSak
nebyl op€t pouzit a obrys pristropi zajiStoval opét jen deStnik
z betonarské oceli @32 mm délky 6 m, tentokrat navrtany ve
dvou fadach nad sebou. Razi¢i firmy Subterra pristupovali
k zahdjeni razby velmi zodpovédné a s patfi¢nym respektem.
Vyrub kaloty o plose 60 m2 s nadlozim 5 m az 8 m probihal bez
problému a nadvyrubu a zdhy zhotovitel zjistil, Ze se nejednd
o nic nebezpecného a Ze jehly poskytuji dostateCnou bezpec-
nost pro razbu i staveniStni komunikaci v nadlozi. Po dobu
razby pod komunikaci byl vSak na ni pferuSen provoz.
Vzhledem k hloubce zvétrani byla na rozdil od vyjezdového
portdlu nasazena technologickd tfida vyrubu VI. se spodni
klenbou. Rozsah tseku se spodni klenbou ur¢oval na zdkladé
skute¢né zastizenych podminek geotechnik stavby s tim, Ze
s ohledem na betondZ definitivniho osténi musela délka tdseku
odpovidat ndsobkum délky bloku betondZe, tj. 12 m. V tomto
pripadé se skutecnd délka dseku ve tiidé vyrubu VI. shodovala
s prognézou uréenou v zadavaci dokumentaci.

Obr. 8 Bednici vuz ve stavebni jamé
Fig. 8 Traveller formwork in a construction pit

20. rocnik - €. 4/201

The contractor enforced an addition to the detailed design,
solving an alternative portal stabilisation system and starting
the tunnel excavation by installing canopy tube pre-support.
Eventually, the pre-support was not installed and the top hea-
ding contour was again stabilised only by the umbrella con-
sisting of 6 m long concrete reinforcement bars #32 mm,
which were in this case installed in two tiers. The attitude of
Subterra a. s. miners to the commencement of the excavation
was very responsible and respectful from the very beginning.
The top heading excavation with the cross-sectional area of
60 m2 and the overburden 5 — 8 m high proceeded without
problems and overbreaks. The contractor soon found out that
this procedure was not at all dangerous and the dowels pro-
vided sufficient safety for the excavation as well as the site
road above the tunnel. Nevertheless, traffic on the road was
suspended during the course of the excavation under the road.
Taking into consideration the depth of weathering, excavati-
on support class VI with invert was applied, in contrast with
the exit portal. The extent of the section with the invert was
determined by the geotechnician on the basis of actually
encountered conditions, taking into consideration the fact
that the length of the section had to agree with the casting of
the final lining. It had to be multiples of the length of casting
blocks, i.e. 12 m. In this case, the actual length of the section
passing through excavation support class VI was identical
with the prediction contained in tender documents.

3. FINAL TUNNEL LINING AND SECURING ITS
WATERTIGHTNESS

3.1 Cut-and-cover tunnel sections

Clearing of the tunnel bottom excavation from the exit por-
tal and casting of blinding concrete under footings of the
final lining had already started when the bench excavation
was being completed. The casting of the final lining started in
the cut-and-cover section of the tunnel. In contrast with the
mined section, the reinforcement of footings and the tunnel
vault is in this case interconnected. The minimum thickness
of the lining in the crown is 600 mm and it increases toward
the side walls up to more than 1 m. The inner surface of the
tunnel is identical in the cut-and-cover and mined sections.
Owing to this fact only one travelling form was used, making
the casting of 12 m long blocks possible (see Fig. 8). It has
become a tradition that seepage resistant concrete is used for
cut-and-cover sections of a tunnel. Because no waterproofing
membrane was placed on the lining, the joints had to be sea-
led using 320 mm wide inner waterstops. To this purpose it
was necessary to equip the end of the travelling form with
a special piece of formwork making the insertion of the inner
waterstop possible (see Fig. 9). As an insurance, a bentonite
gasket was inserted into the joint before the waterstop, which
swells and seals the joint in the case of water seepage.
Seepage resistant concrete was designed even for the first and
last block of the final lining in the mined tunnel section.
These blocks were in addition provided with a waterproofing
membrane, the same as all blocks of the mined section of the
tunnel. The waterproofing membrane was terminated by an
outer waterstop on the block cast using seepage resistant
concrete. The advantage of this solution is, on the one hand,
that it secures overlapping of the section sealed by means of
the waterproofing membrane and seepage resistant concrete;
on the other hand, the sensitive detail of joining the waterp-
roofing membrane between the mined and cut-and-cover
parts of the tunnel, which is usually solved by means of
a reverse joint, is avoided.
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Obr. 9 Specidlni iiprava &ela bednéni pro tésnici pds
Fig. 9 Special design for the end of the formwork for the insertion of a waterstop

3. DEFINITIVNI OSTENI TUNELU A ZAJISTENI JEHO
VODONEPROPUSTNOSTI

3.1 Hloubené tseky tunelu

Jiz pri dotézovani opéfi probihalo od vyjezdového portdlu
docistovani pocvy tunelu a betondZ podkladnich betont pod
patky definitivntho osténi. Betonaz definitivniho osténi byla
zahdjena na hloubeném useku tunelu. Na rozdil od raZeného
useku je vyztuz osténi patek a klenby tunelu v tomto pripadé
propojena. Minimdlni tlou$tka osténi v klenbé je 600 mm
a smérem k op€fi tunelu se zvétSuje az na vice nez 1 m. Vnitin{
lic tunelu je v hloubeném i razeném tseku stejny, a proto se
pouZivé jeden bednici viz, umoZiujici betonaZ bloku osténi
v délce 12 m (obr. 8). Jiz tradi¢né jsou hloubené tseky tunelu
provadény z betonu odolného proti prisaku vody. ProtoZe na
osténi neni poloZena hydroizola¢ni félie, musi byt spary mezi
bloky betondZe té€snény vnitinim tésnicim pédsem Sitky
320 mm. K tomu udcelu je nutné celo bedniciho vozu vybavit
specidlnim bednénim, které umozni vsazeni vnitrniho té€sniciho
pasu (obr. 9). Jako pojistka je pred tento pds do spary vlozen
i bentonitovy pasek, ktery v pfipadé prisaku vody nabobtnd
a spéaru utésni. Z betonu odolného proti prasakim je navrzen
i prvni a posledni blok definitivniho osténi v raZeném tseku
tunelu. Tyto bloky jsou zdroven izolovdny hydroizolaéni f6lii,
jako vSechny bloky razené césti tunelu. Hydroizolaéni félie je
ukondena vnéj$im tésnicim pdsem na bloku betondZe z betonu
odolného proti prisakum. Vyhoda tohoto fesen{ je v tom, Ze je
jednak zaji$tén presah tseku t€snéného pomoci hydroizolaéni
félie a betonem odolnym proti prasakim, jednak odpada citli-
vy detail napojeni hydroizola¢ni félie mezi hloubenou
a razenou Cdsti tunelu, ktery se zpravidla fesi zpétnym spojem.
3.2 Razené useky tunelu

RaZena c¢ast tunelu je izolovana hydroizolacni félii, kterd je
podélné svarena dvoustopym, kandlkovym svarem s moZnosti
zkouSeni natlakovdnim. Pro napojeni klenby a patky je pouZit
jiz standardni detail bez propojeni vyztuZe a se zataZzenim hyd-
roizolaéni félie az do drovné boc¢nich drendzi (obr. 10). Ty jsou
uloZeny pod trovni spary mezi klenbou a patkou, takZe hydro-
izola¢ni f6lie izoluje i tento citlivy detail s vodorovnou sparou.
Kromé poskozeni hydroizolaéni félie pfi montazi vyztuze je
nutno peclivé sledovat i provadéni zdvojeni félie v misté spary
mezi bloky betondZze a ukonéeni félie v misté patky.
Nedostate¢né utésnéni félie k patce osténi zpusobilo
v minulosti fadu problému, kdy pfi doinjektovdvani vrchliku
definitivniho osténi doSlo k zateCeni injektdZni smesi do dre-
ndzniho systému a zabetonovani potrubi. Sanace je Casove
i finan¢né velmi ndkladnd a zpravidla se neobejde bez trvalého
poskozeni drendZniho systému. Stejnym zpusobem muZe byt
drendzni systém poSkozen, pokud neni béhem provozovini

Obr. 10 Koncovd tiprava hydroizolaéni félie v misté patky osténi
Fig. 10 Final design for the waterproofing membrane at the foot of the lining

3.2 Mined tunnel sections

The mined part of the tunnel was provided with
a waterproofing membrane, which was longitudinally welded
up by a double-seam channel weld allowing the pressurisati-
on of the seam. The connection between the vault and foo-
tings is solved using a traditional detail without connecting
the reinforcement and with pulling the waterproofing mem-
brane down, up to the level of the side drains (see Fig. 10).
The drains are placed under the level of the joint between the
vault and the footing; therefore the waterproofing membrane
even protects this sensitive detail containing a horizontal
joint. Apart from damaging the waterproofing membrane
during its installation, it was necessary to carefully follow the
installation of the double-layer membrane covering joints
between casting blocks and the termination of the membrane
at the footing. The insufficiently sealed connection of the
membrane to the footing caused many problems in the past.
Grout injected behind the final lining crown during the final
grouting operation flew into the drainage system and filled
the pipes. Repairs are very demanding in terms of time and
costs and usually are not carried out without permanent dama-
ge to the drainage system. In the same way, a drainage system
can be damaged if regular clearing is not carried out during the
tunnel operation. For that reason there are manholes installed
every 48 m in safety recesses, allowing the clearing of side
drains. Drainage is threatened not only by fine sand washed
away from the ground mass, but first of all by sediments from
extracts from shotcrete. A drain shoe is installed in each man-
hole, which closes the pipeline in a standard way. In this way
the access of air to the drainage system is limited. Results of
surveys have shown that leaching is significantly retarded and
the process of filling of drains is diminished if the access of air
is limited. The drain shoe makes opening and clearing of dra-
ins with high-pressure water possible. Even the drainage
piping material (in this case supplied by Rehau) is adjusted to
this system.

The final lining for the mined tunnel section was designed in
C20/25 concrete. Its dimensions were determined on the basis
of results of deformational measurements conducted within the
framework of the geotechnical monitoring. Owing to the use of
the 200 mm to 250 mm thick primary lining and the high sta-
bility of the ground environment, the deformations during the
excavation were minimised. Geotechnical parameters of the
ground mass and loading on the lining, which were derived
using a back analysis based on deformations, are very close to
real conditions. In the case of a non-linear calculation of the
concrete lining it was possible to use the cross-section to the
maximum. The large part of the mined tunnel could be con-
structed without concrete reinforcement. For that reason only




Obr. 11 Usek tunelu s nevyztuienym osténim
Fig. 11 Tunnel section with non-reinforced concrete lining

tunelu provddéno jeho pravidelné &isténi. Proto jsou po 48 m
v zéchrannych vyklencich umistény Sachty na ¢isténi bo¢ni tune-
lové drendze. Ta je ohroZena nejen jemnymi ¢dsticemi vyplavo-
vanymi z horninového masivu, ale zejména usazeninami vyluhu
ze stifkaného betonu. V Sachté je osazen Cistici kus, kterym je
potrubi standardné uzavfeno. Tim je omezen pristup vzduchu do
drendzniho systému. Vysledky vyzkumu ukazuji, Ze pii omeze-
ném pristupu vzduchu se zpomaluje vyluhovani a sniZuje se pro-
ces zanaseni drenazi. Cistici kus umoZiiuje po otevieni &istit dre-
nédZe vysokotlakou vodou. Tomu je prizpusoben i materidl dre-
nazniho potrubi — v tomto pripadé od firmy Rehau.

V raZzené &ésti tunelu je definitivni osténi navrzeno z betonu
C20/25. Dimenzovédni probihd na zdkladé vysledku deformad-
nich méfeni provadénych v rdmci geomonitoringu. PouZzitim
primarniho osténi tloustky 200 mm az 250 mm a diky vysoké
stabilit¢ horninového prostredi doslo béhem razby jen
k minimélnim deformacim. Zpétnou analyzou byly na zdklade
deformaci odvozeny geotechnické parametry horninového
masivu a ndsledné zatiZeni osténi, které se bliZ{ redlnym pod-
minkdm. Pfi nelinedrnim vypoétu betonového osténi, kdy je
zohlednén vznik trhlin a tfm i maximdlni vyuZiti prufezu, lze
veétsi Cdst razeného tunelu provadét bez vyztuZe. Proto jsou
vyztuZzeny pouze bloky betondZe v priportdlovych dsecich
a v nevyztuzenych blocich betonaZe jsou vyztuZeny jen nouzo-
vé vyklenky v kazdém druhém bloku (obr. 11). Diky moznosti

20. rocnik - €. 47201

the casting blocks in the portal sections were reinforced. In the
unreinforced blocks, only the emergency recesses in every
other block were reinforced (see Fig. 11). Thanks to the possi-
bility to close the portals and the travelling formwork with
geotextile, concrete could be cast even during the winter sea-
son. During the preparation of this paper, the final lining had
been completed throughout the tunnel length and the work on
the inner equipment of the tunnel was in progress.

4. THE TOMICE | TUNNEL

With its length of 324 m, the Tomice I tunnel is the second
longest tunnel within the Votice — BeneSov u Prahy rail line
section. The tunnel excavation commenced in September
2010. The geotechnical conditions for excavation were simi-
lar as those in the case of the Olbramovice tunnel, despite the
fact that the overburden height reaches a mere 15 m. Of the
total tunnel length, a 108 m long section was constructed in
an open construction trench (see Fig. 12) and 218 m were dri-
ven using the NATM. The tunnel lies on a horizontal curve
with the diameter of 1282 m, inclining at the longitudinal
gradient of 10 %o. The track superelevation of 170 mm is
smaller than that in the Olbramovice tunnel; the necessary
offset of the centreline of the tracks from the tunnel centre
line is 170 mm. The tunnel geometry is identical for all tun-
nels on the route, corresponding to the standard sheet for
a double-track tunnel. The rock mass behaviour during the
tunnel excavation was similar to the behaviour experienced
in the case of the Olbramovice tunnel. Thus the contractor
could apply the experience gained during the excavation of
that tunnel. Deformations of the excavated opening varied up
to 15 mm as a standard, exceeding 20 mm only in isolated
cases. The value of 35 mm was not exceeded in any of the
measurement profiles. It can be concluded from this fact that
it also applies to the Tomice I tunnel that the rock mass is
stable and the support system depending on the excavation
support classes does not allow bigger increase in deformati-
ons. The excavation support classes were assigned following
the same principle as it was in the case of the Olbramovice
tunnel. It differed from the prediction contained in the tender
documents and the final design.

5. CONCLUSION

The excavation of both tunnels passed through the geology
consisting of granitic diorites in various degrees of weathering

Obr. 12 Stavba zdrodku kaloty v jamé Tomického tunelu I.

Fig. 12 Construction of the starting top heading stub in the construction pit for the Tomice tunnel I.
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and tectonic disturbance. From the
geotechnical point of view, the para-
meter crucial for the excavation stabili-
ty was the orientation of discontinuiti-
es in relation to the excavation face
plane and their spacing determining the
fragmentation of the rock. No larger
overbreaks beyond the excavation con-
tour occurred during the works. An
instable excavation face was experien-
ced in the Olbramovie tunnel at the
beginning of 2010. The instability cau-
sed falling of rock over the planned
length of the excavation round during

e VyuZiti deformace DZS/RDS
Use of deformation limits - Final design / Detailed design
——VyuZiti deformace dle pouzité tfidy vyrubu
Use of deformation limits according to excavation support classes prescribed
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mechanical disintegration. This insta-
bility was successfully removed by the
contractor in time, therefore uncontrol-
led spreading of the problem was pre-
vented. During the course of the subse-
quent excavation the rock mass beha-

Obr. 13 Graf vyuZiti pripustnych deformaci vyrubu
Fig. 13 Chart of exhausting of allowable excavation deformations

uzavieni portdld a bedniciho vozu geotextilii mohly probihat
betondZe i v zimnim obdobi. V dobé psani ¢lanku bylo jiz oste-
ni v celé délce tunelu vybetonované a probihaly prace na vniti-
nim vybaveni.

4. TUNEL TOMICKY 1.

Tunel Tomicky I. je s délkou 324 m druhym nejkratSim tunelem na
useku Votice — BeneSov u Prahy. RaZba tunelu byla zahdjena v zai{
2010 a geotechnické podminky pro razbu byly obdobné jako
v pripadé Olbramovického tunelu, i kdyZ vyska nadloZi dosahuje jen
max. 15 m. Z celkové délky tunelu je 108 m tunelu provadéno
v oteviené stavebni jamé (obr. 12) a 216 m razeno pomoci NRTM.
Tunel lezi ve smérovém oblouku o poloméru 1 282 m v podélném
sklonu 10 %o. Prevyseni koleje 170 mm je menSi nez v Olbra-
movickém tunelu a nutné odsazeni osy koleji od osy tunelu je
170 mm. Tvar tunelu je stejny pro vSechny tunely na trase a ridi se
rovnéZ vzorovym listem dvoukolejné-

ved in a stable manner and the defor-
mational measurements conducted within the framework of
the geotechnical monitoring confirmed that the rock mass was
stable as the whole. The alert levels were not registered at any
of the measurement profiles. The example of exploiting the
allowable deformations set in the design for the Olbramovice
tunnel is presented in Fig. 13. It is obvious from the chart that
the allowable deformations were not reached during the tun-
nel excavation and deformational manifestations of the exca-
vation lied deep under the values expected by the design and
tender documents.

The excavation support classes were determined in compli-
ance with the NATM principles, directly on site, after mutual
agreement of representatives of project owner’s site supervi-
sion (or the site geotechnician) and a representative of the
contractor responsible for the safety of the excavation work
(the mine manager). The situation which has developed
shows that correct determination of excavation support clas-
ses has a fundamental influence on the efficiency of invest-
ment costs incurred. The rules set according to the NATM

ho tunelu. Chovén{ horninového masi-
vu pri razbé bylo obdobné jako
v pripadé Olbramovického tunelu
a zhotovitel mohl uplatnit zkuSenosti
ziskané pri jeho razbé. Deformace
vyrubu se pohybovaly standardné do
15 mm, v ojedinélych pripadech pre-
kracovaly 20 mm a v Zddném z mé-
fenych profilu deformace nepresdhla
hodnotu 35 mm. Z toho Ize usuzovat,
7e i v piipadé tunelu Tomického I. je
horninovy masiv stabilni a zpusob
zajisténi podle technologickych tfid
vyrubu nepripousti vétsi ndrtst defor-
maci. Zatfidovani do technologickych
tiid vyrubu probihalo podle stejného
principu, jako v pripadé Olbramo-
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200

2

8

3
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vického tunelu a liSilo se od progndzy
stanovené v zaddvaci dokumentaci,

resp. realizani dokumentaci stavby.

Vi. V.
[0 Projekt-Design 48 12 80 40 180
[ Skuteénost - Reality 48 a8 115 a9

5. ZAVER
Razba obou tuneli probéhla
v prostfed{ garnitoidi ruzného stup-

Trida vyrubu — Excavation support class

né zvétrani a tektonického poruseni.
Z geotechnického hlediska byla pro

Obr. 14 Progndéza a skutecnost technologickych trid vyrubu Olbramovického tunelu
Fig. 14 Prediction and reality in excavation support classes for the Olbramovice tunnel




TuoHel

20. rocnik - €. 4/201

stabilitu vyrubu zdsadnim parametrem orienta-
ce diskontinuit vzhledem k roviné Celby a dale
jejich vzdalenost urcujici fragmentaci horniny.
Béhem razby nedoslo k tvorbé vétsich nadvylo-
mu nad obrys tunelu. Zacdtkem roku 2010
doslo na Olbramovickém tunelu k nestabilité
Celby, kterd méla za nésledek vypadnuti horni-

Tunel Tomice I. = Tomice I. Tunnel

ny nad planovany rozsah zdbéru pfi strojnim 100

rozpojovani. Tuto nestabilitu se vSak podafilo 80

zhotoviteli vc€as zajistit tak, aby nedoSlo >'§,

k jejimu nekontrolovanému Sifeni. Pri dalsi g5 60

razbé se horninovy masiv choval stabilné ;é

a deformacni méfeni provddénd v rdmci geo- 3 S 40

technického monitoringu potvrzuji celkovou u‘>'<: 20

stabilitu horninového masivu. Ani na jednom

merickém profilu nebylo dosazeno varovného 0

stavu. Cerpani projektem stanovenych piipust- v v Ll I
nych deformaci ukazuje priklad Olbramo- [1 Projekt — Design 24 50 80 62
vického tunelu na obr. 13. Z grafu je zfejmé, ze = =

pri razb€ nebylo pripustnych deformaci zdaleka B Skutetnost - Reality 40 97 9 0

dosazeno a deformacni projevy razby leZely
hluboko pod projektem i zaddvaci dokumentaci
o¢ekdvanymi hodnotami.

Trida vyrubu - Excavation support class

Zattidovani do technologickych tiid vyru-
bu probihalo podle zdsad NRTM piimo na
stavbé po vzdjemné dohodé zdstupcu tech-
nického dozoru investora (resp. geotechnika stavby)
a zastupce zhotovitele odpovédného za bezpecnost razby
(zdvodniho). Vznikla situace ukazuje, Ze spravné zatridéni do
technologické tfidy vyrubu mé zdsadni vliv na efektivnost
vynaloZenych investi¢nich ndkladu. Nastavend pravidla
NRTM umoznuji zhotoviteli i investorovi pouZit jen takové
prostredky k zaji§téni stability vyrubu, které jsou nezbytné
nutné pro zajisténi bezpecnosti razby a pripustnych deforma-
ci vyrubu. Rozdily mezi prognézou a skuteCnosti v zatfi-
dovani do technologickych tfid vyrubu ukazuji grafy na
obrazcich 14 a 15.

PouZiti betona odolnych proti prasakim pro osténi hloube-
nych tunelt klade zvySené nédroky na provadéni betondze
i detaild tésnéni pracovnich spéar. Pfind$i vSak vyhody
v odstranéni rizika poSkozeni hydroizolaéni f6lie jako jediné-
ho prvku k zajisténi vodonepropustnosti osténi. V pripade
prusaku pres ostén{ Ize sanovat misto, kde k prusaku skute¢né
dochdzi a na rozdil od poSkozené hydroizolaéni félie presné
lokalizovat misto poruchy.

Dimenzovéni definitivniho osténi na zdkladé vysledku geo-
technickych méfeni v prubéhu raZeb je jasnym dukazem, Ze
observaéni metoda je u NRTM pouzZitelnd nejen pfi razbé
a navrhu zaji$téni stability vyrubu, ale i pfi provadeéni defini-
tivniho osténi. Oproti zadavaci dokumentaci do§lo v pripade
definitivniho osténi k dspore oceli, nebot’ vétsi ¢ast razeného
dseku tunelu je provedena z nevyztuzeného betonu. Pres
pocate¢ni neduvéru se pouZiti nevyztuzeného osténi zalind
u Ceskych silni¢nich i Zelezni¢nich tunelt pomalu pouZivat.

Investorem stavby je SZDC Stavebni sprava Praha, zhotovi-
telem geotechnického monitoringu a geotechnikem stavby je
firma Arcadis. Tunely provadi firma Subterra na zdklad¢ rea-
liza¢ni dokumentace zpracované firmou IKP Consulting
Engineers.
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Obr. 15 Progndza a skutecnost technologickych trid vyrubu Tomického tunelu I.
Fig. 15 Prediction and reality in excavation support classes for the Tomice tunnel I.

allow both the contractor and the project owner to use only
such means to provide the stability of the excavation which
are indispensable for the safety of excavation and for secu-
ring of permitted deformations. Differences between the pre-
diction and reality in the determination of excavation support
classes are shown in Figures 14 and 15.

The application of seepage resistant concrete to the lining
of cut-and-cover tunnels places increased demands on the
execution of casting of concrete and details of sealing of con-
struction joints. But it even brings advantages in terms of
removing the risk of damage to the waterproofing as a single
component securing the waterproofing capacity of the lining.
As opposed to a damaged membrane, it is possible in the
cases of seepage through the lining to exactly locate the
defective spot and repair only the spot where the seepage
really occurs.

The dimensioning of the final lining based on results of
geotechnical measurements during the course of excavation
is a clear proof that the observational method at the NATM is
applicable not only during the excavation and preparation of
a proposal for the excavation support, but also during the
erection of the final lining. Compared with the tender docu-
ments, savings in reinforcement were achieved in the case of
the final lining because the major part of the mined tunnel
section is lined with non-reinforced concrete. Despite the ini-
tial distrust, the use of a non-reinforced lining slowly begins
to be used in Czech road tunnels and railway tunnels.

The project owner is the Railway Infrastructure
Administration, state organisation, the Civil Engineering
Administration Prague; the contractor for geotechnical moni-
toring is ARCADIS. The tunnels are constructed by SUB-
TERRA a. s. on the basis of the detailed design carried out by
IKP Consulting Engineers s. r. 0.
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