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SPECIFIKA NAVRHOVANI HLOUBENYCH TUNELU
A PRIKLADY Z REALIZACE
SPECIFICS OF DESIGNING CUT-AND-COVER / COVER-AND-CUT
TUNNELS; EXAMPLES OF IMPLEMENTATION
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Pohled na domécf i zahrani¢ni tuneldfskou scénu nabizi v piipadé publiko-
vanych ¢ldnku i piispévku na konferencich fadu témat z oblasti razenych
tiseku tunelii. Konven¢ni tunelovaci metody i razba pomoci $tita poskytuji
Sirokou paletu problému spojenych jak s technologif razby, tak s o¢ekdvanymi
¢i neoCekdvanymi geotechnickymi podminkami, které je nutno béhem razby
zvladnout. I u nds jiz zdomdcnélou NRTM stéle jesté half jemnd rouska tajem-
stvi a skrytych pochybnosti, jak to vlastné ve skutecnosti funguje. Diskuse
0 Zivotnosti a inosnosti primédrniho ostén{ nebo polemiky o vyznamu kotve-
ni jako podpurného opatfeni ke zvySeni samonosnosti horninového masivu
odsouvaji problematiku hloubenych tseku tunelt na vedlejsi kolej. Pfitom se
jednd o oblast, kterd je s vystavbou tunelll nerozlu¢né spjata a kterd vyZaduje
pri projektovani i provadéni minimélné stejnou pozornost, jaka je vénovéana
raZenym dsekim tunelt. Vzhledem k charakteru konstrukce, jejimu uloZen{
do okolniho prostredi i pusobicimu zatiZenf lze fici, Ze hloubené tunely rea-
guji mnohem citlivéji na pripadnd pochybeni nebo odchylky od prognézova-
ného stavu. Zatimco v pripadé raZenych dseku tuneli maZeme jesté spoléhat
na mnohdy milosrdny horninovy masiv a doufat v jeho vetsi ¢i mensi samo-
nosnost, u hloubenych tseku tunelt se projektant ani zhotovitel na obdobnou
pomoc spoléhat nemuZe a nesmi. V nasledujicim textu se na prikladech
z realizovanych nebo pro realizaci piipravenych tunelt zabyvame nékterymi
oblastmi, které mohou dspé$ny ndvrh a ndslednou realizaci hloubenych tiseka
tuneld vyznamné ovlivnit.

NAVRH DIMENZ[ OSTENI - ZATIZENI ZNAME, €I NEZNAME?

Pfi navrhovédn{ primdrniho i definitivniho osténi raZenych dseku tuneld
byvi zpravidla velkou nezndmou zatiZeni horninovym, pripadné hydrostatic-
kym tlakem. P¥i jeho uréeni sahd projektant ve vétSiné pripada ke slozitym
vypoctum pomoci matematickych modelu. Presné vypocty zatézuje fada
nepresnych nebo obtizné zjistitelnych vstupnich hodnot a okrajovych pod-
minek. Interpretace vysledka vyZaduje znaéné zkuSenosti a ur¢ity nadhled,
nebot postizeni geotechnickych pomérl v trase tunelu pomoci matematické-
ho modelu znamend vzdy urcité zjednoduseni redlného stavu. S velkou tle-
vou se proto projektant uchyluje k vypoctim hloubenych tseku tuneld, kde
sice musi Fesit otdzku okrajovych podminek v oblasti zdkladovych konstruk-
ci nebo s ohledem na stanoven{ tuhosti zdsypového materidlu. Uréenf zatiZe-
ni zdsypem vSak na prvni pohled nepredstavuje Zadny problém. Urcité kom-
plikace pii dimenzovéni osténi hloubenych tseku tunelt predstavuje nesy-
metrické zatizeni. Nesymetrie zatiZzen{ muZe byt zpusobena jednak kone¢nou
podobou reliéfu terénu nad zasypanym tunelem, jednak obtiZné dosazitelny-
mi pozadavky na hutnéni pfi pouZiti mechanizace ve stisnénych pomérech
stavebn{ jamy. Ob¢ pri¢iny se mohou navic scitat.

K typickym piikladim nesymetricky zatizenych tseku hloubenych tunel
vlivem reliéfu terénu patii dvoukolejny Zelezni¢ni tunel Veprek na prvnim
Zelezni¢nim koridoru Praha-Dé¢in-Drazdany. Smérové poméry stvajici
trati vedené podél brehu feky Vltavy neumoZiiovaly dosaZeni vySSi tratové
rychlosti. Uprava smérovych poméri vyvolala nutnost vedeni trati
v ibo¢nim tunelu s velmi nepfiznivym tGhlem zaraZeni tunelu v oblasti obou
portdli. Tomu odpovidal tvar stavebnich jam hloubenych dseku tuneld
idroven zpétného zdsypu (viz obr. 1). Hloubka svahovanych stavebnich jam
dosahovala v mist¢ rozhrani hloubené a razené ¢dsti 30 m. Kone¢ny piicny
sklon terénu, provadény v poméru 1:2 az 1:3, vyvoldval kvuli nesymetrii
vysky zdsypu v osténi tunelu nesymerické naméhéni, které mélo rozhodujici
vliv na ndvrh vyztuZeni. Pfi tloustce osténi min. 600 mm se vyztuZeni na stra-
né privracené ke svahu markantné lisilo od strany priléhajici k Vltavé. Na
zékladé statického posouzeni postupnych fazi zasypdvéani konstrukce
i kone¢né drovné zdsypu navrhl projektant pracovni postup provadéni zdsy-
pu, ktery zhotovitel velmi disledné dodrzoval. Principem bylo zahajen{ zasy-
pu na strané tunelu privracené k fece, dusledné hutnéni zdsypového materia-
lu na predepsané parametry a dodrZovéani rozdilu drovné zdsypu vlevo

INTRODUCTION

Alook at the domestic and foreign tunnelling stage offers, as far as articles
and contributions published at conferences are concerned, a wide range of
topics from the field of mined tunnels. Both the conventional underground
excavation methods and the shield driving method offer lots of problems
associated with both the excavation technique and the expected or unexpec-
ted geotechnical conditions which had to be coped with during the excavati-
on. Even the NATM, which has become established in the Czech Republic,
is still shrouded in secrecy and hidden doubts as to how it works in reality.
Discussions about durability and load-bearing capacity of a primary lining or
polemics on the importance of anchoring as a supporting measure designed
to increase the self-supporting capacity of ground mass put the problems of
cut-and-cover / cover-and-cut tunnels off the track, without respect to the fact
that this area is inseparably connected with tunnel construction and the work
on designs and construction requires at least the same level of attention as the
work on mined tunnel sections. It is possible to say that, with respect to the
character of the structure, its placement into the surrounding environment and
the loads acting on it, cut-and-cover / cover-and-cut tunnels respond much
more sensitively in the case of mistakes or deviations from the predicted con-
dition. While in the case of mined tunnel sections we can still rely on the
often merciful ground mass and hope for higher or lower self-supporting
capacity of the mass, there is not and must not be any similar help for the
designer or contractor to rely on in the case of cut-and-cover / cover-and-cut
tunnels. In the following text, we deal with some areas which can signifi-
cantly affect a successful design and the subsequent implementation of cut-
and-cover / cover —and-cut tunnels, using previously completed tunnels or
tunnels which are prepared for construction as examples.

DESIGNING DIMENSIONS OF A LINING - ARE THE LOADS
KNOWN OR UNKNOWN?

When a primary or final lining of mined tunnel sections is being designed,
the confining pressure or hydrostatic pressure is usually a great unknown.
When determining it, the designer mostly falls back upon complicated cal-
culations using mathematical models. Exact calculations are burdened by
a range of inaccurate of hard to determine input values and boundary condi-
tions. Interpreting the results requires significant experience and a certain
detached attitude because expressing geological conditions along a tunnel
alignment by means of a mathematical model always means certain simplifi-
cation of the real state. This is why the designers have, with great relief,
recourse to calculations for cut-and-cover tunnels, where, on the one hand,
they must deal with the issue of boundary conditions in the area of foundati-
on structures or take into consideration the determination of the backfill

Obr. 1 Asymetrickd stavebni jama tunelu Vepiek
Fig. I Asymmetric construction trench — the Veprek tunnel
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Obr. 2 Postupné obsypdvdni tunelu podle rysek na geotextilii
Fig. 2 Gradual backfilling of the tunnel according to marks on the geotextile

a vpravo konstrukce do max. 1 m. Zdrojem fatdlni chyby mohla byt ziména
vyztuZe na levé a pravé strané osténi. Vykresy vyztuZe proto projektant dopl-
nil o popis ,.k hofe“ a ,k fece®, které jednoznacné urfovaly, kam md byt
vyztuz v konstrukci umisténa. Zhotovitel pristoupil k navrzenému technolo-
gickému postupu velmi zodpovédné a vystavba probéhla bez komplikaci.
Technologicky postup hutnéni usnadnovalo znaceni jednotlivych drovni hut-
néni, které zhotovitel vyznacil na geotextilii, kterd slouZila jako ochrana hyd-
roizolacni folie (viz obr. 2).

Hloubené tunely v oblasti portdlu Komorany stavby 513 silni¢niho okru-
hu kolem Prahy (SOKP) predstavuji priklad, ktery se zpocitku jevil
z hlediska zatiZen{ jako zcela bezproblémovy. Dva paralelni tubusy hloube-
nych tunelt délky 170 m, provddénych v paZené stavebni jamé $itky 50 m
a hloubky téméf 30 m, prekryvala v nejhlub$im misté jamy vrstva az 15 m
horizontdlné uloZeného zdsypového materidlu. Zatimco volny prostor mezi
obéma tunely dosahoval u portdlu $itky jen 4 m, mezi bokem tunelu
a paZenim stavebni jamy volnd $itka neptekracovala 1,5 m. Do tohoto jiz tak
velmi tzkého prostoru zasahovaly jednak prevdzky a hlavy lanovych kotev
stabilizujicich paZenf stavebni jamy, jednak vyklenky pro kabiny SOS, které
se zadni sténou opiraly o paZeni a uzaviraly tak prachod do dal$iho tdseku
jamy (viz obr. 3). Celou situaci komplikovaly i zdkladové poméry. I kdyZ se
podle progndzy stanovené na zdkladé IG prizkumu mély mélce pod masiv-
ni zékladovou klenbou jiz nachdzet jilovité bridlice, zastihl zhotovitel pri
hloubeni stavebni jdmy mohutnou vrstvu piski. Na tuto skuteCnost bylo
nutné rychle reagovat a na zpusob provadéni a ochrdnéni zdkladové spéry
nepanoval jednotny ndzor. Zaznivaly hlasy prosazujici prehutnéni nebo
dokonce vyménu podloZi. Vzhledem k jemnozrnnosti a mocnosti vrstvy
piskl nakonec prevazil ndzor na ponechéni ochranné vrstvy rostlého mate-
ridlu tloustky min. 1 m a tvarovéni zdkladové spéry s Gstupem tak, aby neby-
la pojizdéna mechanizmy. Po vytvarovani spary do tvaru klenby ndsledoval
ochranny ndstfik betonu, betondZ podkladniho betonu a montdZ vyztuZe.
Pokud doglo z jakéhokoli duvodu k nakypreni zdkladové spary, byl materi-
al vyménén za vrstvu monolitického betonu. Prace probihaly za ptisného
dozoru investora i zhotovitele a po Uspé$ném zaloZeni probéhla stejné

Obr. 3 Omezeny prostor ve stavebni jamé Komorany tuneli stavby 513
Fig. 3 Constricted space in the Komorany construction trench for the PCCR
513 tunnels

material toughness, on the other hand, determining the load exerted by the
backfill does not pose, at first glance, any problem. Certain complications are
posed by asymmetric loading when dimensions of the lining of cut-and-cover
tunnels are being calculated. The asymmetry can be caused either by the final
shape of the surface relief above the backfilled tunnel or by hard to meet requ-
irements for compaction using machines in constricted construction trench
conditions. In addition, the two causes may take place simultaneously.

The double-rail Veprek tunnel on the first rail corridor between Prague —
Décin — Dresden is one of typical examples of sections of cut-and-cover tun-
nels loaded asymmetrically due to the surface relief. The horizontal align-
ment of the existing track, running along the Vltava River, did not allow inc-
reasing the speed limit over the track. A change in the horizontal alignment
brought about the necessity of leading the track through a hillside tunnel with
a very unfavourable angles of the tunnel entering the hill at both portals. The
shape of the construction trenches for the cut-and-cover tunnels and the level
of the backfill corresponded to this situation (see Fig. 1). The depth of slo-
ped excavation trenches at the interface between the cut-and-cover and mined
sections reached 30m. The final transverse slope of the terrain, which was
carried out at a ratio of 1:2 to 1:3, induced, owing to the asymmetry of the
backfill height, asymmetric stresses in the lining, which had the deciding
effect on the reinforcement design. With the minimum thickness of the lining
of 600mm, the reinforcement content on the side facing the slope markedly
differed from the side adjacent to the Vltava River. The designer proposed
a working procedure for the backfilling on the basis of a structural assessment
of consecutive phases of backfilling of the structure and the final level of the
backfill. The procedure was thoroughly adhered to by the contractor. The
principle was that backfilling started on the tunnel side facing the river, the
backfill material was consistently compacted to reach prescribed parameters
and the maximum difference between the backfill levels on the left side and
right side of the structure was held at 1m. Confusion in the installation of
concrete reinforcement on the left side and right side of the lining structure
could have become a source of a fatal error. For that reason the designer
added a legend ‘toward the mountain’ or ‘toward the river’ in reinforcement

Obr. 4 Postup vystavby ve stavebni jimeé Komorany
Fig. 4 Construction procedure in the Komorany construction trench
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Obr. 5 Deformace hloubenych tunelu vlivem zasypdvdani
Fig. 5 Deformations of cut-and-cover tunnels due to backfilling

lispésné i betondz osténi hloubenych tseku obou tunelt. Jednotlivé fize
postupu vystavby viz obr. 4, na kterém je patrnd tprava zdkladové spary
podkladnim betonem, montdz vyztuze a v pozadi probihajici betondz spod-
ni klenby tunelu. Provadéni zpétnych zdsypu provézely komplikace spojené
s nedostatenym prostorem mezi tunely a paZenim stavebni jamy. Ze static-
kych divodi bylo nutné u prvnich 2 blokl betondZe pred raZenymi tunely
s nejvyS§i vrstvou zdsypu provést vyplnéni prostoru mezi tunely a sténou
jamy i mezi obéma tubusy tunelil hubenym betonem, coZ zajistilo dostate¢-
nou tuhost podepreni boku tuneli. Bez tohoto opatfeni by nebylo mozné
konstrukei bez vétSich tprav nadimenzovat, i kdy? tloustka osténi dosaho-
vala ve vrcholu klenby 1 m a do boku se rozsifovala aZ na 2 m. Ve zbyvaji-
cim tseku s niz§im nadloZim byl pro zdsyp stavebni jdmy pouZit na bocich
tunelu pisek a ve vy$Sich partiich jdmy predrcend rubanina z tunelu.
Vzhledem k prostorovym moznostem probihalo hutnéni mezi tunely a podél
paZeni stavebni jdmy riznymi mechanizmy. Pies veSkerou snahu se ziejmé
nepodarilo dosdhnout stejné tuhosti zdsypu po obou strandch konstrukce
a ndsledkem toho doslo k nesymetrickému zatiZeni konstrukce, prestoze
troven definitivniho terénu po provedeni zasypu je v piicném fezu vodo-
rovnd. Nesymetrii zatiZen{ vlivem nerovnomérného hutnéni ukdzala aZ geo-
detickd méfen{ deformace osténi, provddénd v méfickém profilu, obdobné
jako tomu je pri méfeni deformaci primérniho osténi. Pootoceni a posun
tunelu nezpusobila v tomto pripadé netinosnost podloZi, ale zpusob prova-
déni zésypu, kdy dochdzelo k deformaci osténi smérem do obtizné zhutni-
telného zdsypu na bocich tunelu. Tomu odpovida na obr. 5 vektorové znd-
zornéni deformace osténi obou tunelovych trub.

Zatimco na zdpadnim portdle tunelu nebylo nutné ménit tvar konstrukce
a navrzend spodni klenba po dpravdch odpovidala zastiZenym geotechnic-
kym podminkdm, na opaéném portéle navrhl projektant RDS po otevrenf sta-
vebni jamy tpravu zpusobu zaloZeni hloubenych tunelu. I kdyZ z6na zvétra-
ni zasahovala do zna¢né hloubky, v drovni zdkladové spdry jiZ geotechnické
parametry umoztiovaly prechod z plosného zaloZeni tuneli na spodni klenbé
na zaloZeni na patkdch. Projektant se tim sice dostal pfi zméné projektové
dokumentace do Casovych problému, ale zmenSeni objemu zemnich
i betondiskych praci, zjednoduSeni provadéni i dspora investi¢nich ndkladi
v fadu desitek miliont korun za to stdla.

Nejmarkantnéj§im piikladem asymetrického zatiZeni hloubenych tunelt je
portalovy tiseku tunelu Libouchec na ddlnici D8 v tiseku z Usti nad Labem
na statnf hranici CR/SRN. V pifpadé jizniho portdlu tunelu Libouchec muse-
la byt vychodni tunelové trouba s ohledem na provadéni zdsypu a sklony
nésypovych téles prodlouZena v prubéhu vystavby a7 o0 24 m. Z prostorovych
divodu nebylo mozné zdsadné ménit dispozi¢ni usporadani v oblasti portalu
a posouvat provozné technologicky objekt tunelu. Zasyp byl proto ukoncen
v trovni vrcholu klenby tunelu a jeho vychodni bok priléhajici k provozné-
technologickému objektu byl zcela obnazen. Estetické pojeti obkladu obna-
Zeného boku tunelu v krajiné Krusnych hor ukazuje obr. 6. Osténi pod Cedi-
¢ovym obkladem je z vodonepropustného betonu.

VYZNAM OPTIMALIZACE TVARU VYKLENKU

Zatimco v pripadé razenych dseku tunell je rubové bednéni tvoreno pri-
mérnim osténim, u hloubenych tunelt je nutné vybavit bednici vuz kontra-
bednénim. Souldsti bezpenostniho vybaveni silni¢nich tuneld jsou
vyklenky skifni SOS, vyklenky poZdrnich hydranti nebo vyklenky Sachet
Cisteni boc¢ni tunelové drendze, které zpravidla z osténi vystupuji
a komplikuji provadéni. U Zelezni¢nich tunelu je situace obdobnd, nebot
k bezpenostnim prvkum patif zdchranné vyklenky, jejich vzdalenost dosa-
huje max. 25 m. Vyhodou u Zelezni¢nich tunelt je moZnost umisténi Sachet

drawings, unambiguously marking the location for reinforcement bars where
they were to be placed. The contractor’s attitude to the proposed technologi-
cal procedure was highly responsible; the construction was carried out wit-
hout complications. The technological procedure for the compaction work
was facilitated by marking of individual levels of the compacted backfill on
either side. Marks were made on the geotextile protecting the waterproofing
membrane (see Fig. 2).

The cut-and-cover tunnels in the area of the Komorany portal of the con-
struction lot 513 of the Prague City Circle Road (PCCR) are an example of
a construction which appeared in the beginning as absolutely trouble free as
far as the loading was concerned. Two parallel 170m long tubes of the cut-
and-cover tunnels, which were constructed in a 50m wide and nearly 30m
deep construction trench, were covered in the deepest point of the trench by
an up to 15m thick horizontally deposited backfill material. While the width
of the free space between the two tubes reached a mere 4m at the portal, the
free width of the gap between the tunnel side and the excavation bracing did
not exceed 1.5m. In addition, walers and heads of cable anchors stabilising
the construction trench bracing extended into this, anyhow very natrow,
space. Recesses for SOS cabins also clogged this space. Rear walls of the
cabins leaned against the bracing, thus hampering the passage along, to the
neighbouring section of the construction trench (see Fig. 3). The whole
situation was further complicated by the foundation conditions. Despite the
fact that, according to the EG survey, clayey shales were to be found already
at a shallow depth under a massive invert, the contractor encountered a huge
layer of sand during the excavation of the construction trench. This fact had
to be quickly responded to, but the opinion on the method of executing the
work and protecting the foundation base was not unified. Voices were heard
pushing through overcompaction or even replacement of the foundation bed.
Taking into consideration the fineness of the sand and thickness of the sand
layer, the opinion finally prevailed that an at least 1m thick protective layer
of native material should be left untouched, and the foundation base be unco-
vered step by step to avoid driving of construction equipment on it. When the
shaping of the foundation base into the shape of the inverted arch had been
completed, a protective layer of shotcrete was applied, then blinding concre-
te was placed and reinforcement installed. If, for any reason, the foundation
base got loosened, the loose material was replaced by a layer of cast-in-place
concrete. The work proceeded under strict supervision by the owner and the
contractor. When the foundation had been successfully completed, the lining
of the cut-and-cover tunnel sections was cast with the same success.
Individual phases of the construction procedure are presented in Fig. 4, sho-
wing the foundation base covered with blinding concrete, the installation of
reinforcement and, in the background, the casting of the tunnel invert. The
work on the backfill was accompanied by complications associated with the
insufficient space between the tunnels and the bracing of the construction
trench. For structural reasons, it was necessary at the two casting blocks adja-
cent to the mined tunnels to fill the space between the tunnels and the con-
struction trench wall and between the two tunnel tubes with lean concrete.
This action ensured sufficient rigidness of the support of tunnel sides.
Without this measure, it would have been impossible to design dimensions of
the structure without substantial measures, despite the fact that the thickness
of the lining in the crown reached 1m and gradually increased on the sides up
to 2m. In the remaining section where the overburden was higher, the back-
fill of the construction trench consisted of sand (on the tunnel sides) or crus-
hed muck from the tunnel (in higher parts of the trench). Various types of
compaction equipment were used, depending on the space available between
the tunnel tubes and along the construction trench bracing. Despite all efforts,
it is obvious that the attempt to achieve uniform rigidness of the backfill on




Obr. 6 Obklad jednostranné obnaZeného portdlového bloku tunelu Libouchec
Fig. 6 Cladding of the exposed side of the Libouchec tunnel portal block

Cisténi bocni drendZe a napojovacich mist pozdrntho suchovodu do
zdchrannych vyklenkl, ¢imz se celkovy pocet vyklenkd zmenSuje.
Z hlediska statické funkce osténi, bednéni konstrukce i poklddky hydroizo-
la¢ni flie je optimélni, pokud tvar vyklenku nezasahuje za rub osténi
a cely vyklenek lze zakomponovat do tloustky osténi, kterd v opéfi hlou-
benych tunelt dosahuje znainych rozméru. Zatimco vyklenky SOS nebo
zdchranné vyklenky nelze vzhledem k jejich rozméram do osténi integro-
vat, v pripadé vyklenku poZdrnich hydrantu a vyklenku Sachet ¢isténi bocn{
tunelové drenaZe toho lze u silni¢nich tuneld dosédhnout vhodnou optimali-
zaci jejich tvaru a uzplsobenim prubéhu drenaZi. Dalsi vyhodou ,,skryti*
vyklenku do osténi je, Ze zadni sténa vyklenku nezasahuje do stavebni
jamy, ¢imZ je zachovdna stejnd manipulaéni §itka podél tunelové trouby. To
hraje ve stisnénych pomérech stavebnich jam zdsadn{ roli jak pfi betondzi
osténf a provadéni hydroizolact, tak pfi provadéni zdsypu.

Jako piiklad optimalizace tvaru vyklenki lze uvést vyklenky ¢isténi dre-
néZe u tuneli Libouchec a Panenskd, které se oba nachézeji na délnici D8
pred hranici se SRN. S predstihem projektovany tunel Panenskd mél vyklen-
ky ¢isténi drendZe navrZené pro puvodni prumér Sachet podle zaddvaci doku-
mentace, a to zdsadnim zptisobem ovlivnilo hloubku vyklenku. Pfi projedna-
vani technického feseni tunelu Libouchec se podarilo diky pozitivnimu pri-
stupu investora zmenSit prumér Sachet na Cisténi bo¢ni tunelové drendze na
pouhych 500 mm pri hloubce Sachet 1,5 m. Vysledny efekt ukazuje obr. 7, na
kterém je vlevo bednéni vyklenku na tunelu Panenskd, vpravo optimalizova-
ny tvar pro tunel Libouchec. Pro betondz kratStho tunelu zhotovitel nevahal
nechat vyrobit nové bednici formy vyklenku.

Pii projektovéni realizadni dokumentace tuneli stavby 513 silni¢niho
okruhu kolem Prahy vyuZil zpracovatel realiza¢ni dokumentace zkuSenost{
z tunelu Libouchec a po ¢etnych jedndnich s investorem a budoucim provo-
zovatelem se mu podafilo prosadit zmenSeni pruméru Sachet ¢isténi bocni
drendZe z 800 mm na 600 mm. Vysledek optimalizace byl je§t¢ mnohem
markantnéjsi, neZ u tunelt na ddlnici D8. Hlavn{ obavou investora pfi zmen-
Seni pruméru Sachty je ndslednd ddrzba. ZkuSenosti z provozu ukazuji, Ze

Obr. 7 Bednéni puvodniho (vlevo) a optimalizovaného (vpravo) tvaru vyklen-
ku ¢isténi drendZe

Fig. 7 Formwork for the original shape (left) and optimised shape (right) of
the drainage cleaning recess

19. rocnik - €. 1/2010

both sides of the structure failed. As the result, asymmetric loads acting on
the structure developed, despite the fact that the final terrain level after the
backfilling is horizontal in the cross section. The asymmetry of the loading
due to non-uniform compaction was proved subsequently by surveying of the
lining, which was carried out at a measurement station, similar to the measu-
rements of deformations of the primary lining. The angular rotation and dis-
placements of the tunnel were not caused by instability of the sub-grade in
this particular case. They were caused by the backfilling technique, where
deformations of the lining occurred in the direction of the hard to compact
backfill along the tunnel sides. The vector representation of deformations of
both tunnel tubes shown in Fig. 5 corresponds to this opinion.

While the shape of the structure at the western portal of the tunnel did not
have to be changed and the designed inverted arch, after some modifications,
was adequate to the geological conditions encountered, the designer for the
detailed design proposed, when the construction trench excavation on the
opposite portal side was finished, a change in the cut-and-cover tunnel foun-
dation system for this section. Even though the weathering zone reached rat-
her great depths, the geotechnical parameters found at the foundation base
level were already sufficient to allow transition from the flat foundation of the
tunnels on the inverted arch to foundation on footings. In doing so, the desig-
ner encountered time-related problems having to change the design, but the
reduced volume of earthmoving and concrete casting work, simplified work
and savings in investment costs in the order of tens of millions CZK were
worth the effort.

The most marked example of asymmetric loading on cut-and-cover tun-
nels is a portal section of the Libouchec tunnel on the D8 motorway in the
section between the city of Usti nad Labem and the border between the Czech
Republic and Germany. In the case of the southern portal of the Libouchec
tunnel, the eastern tunnel tube had to be extended during the course of the
construction by up to 24m with respect to the backfilling operations and the
gradients of slopes of the embankments. For space-related reasons, it was
impossible to substantially change the layout in the area of the portal and shift
the tunnel service building structure. For that reason, the backfill was termi-
nated at the level of the tunnel vault crown and the eastern side of the tunnel
adjacent to the service building was left completely exposed. The aesthetic
concept of the cladding of the exposed tunnel side in the Krusné Mountains
landscape is shown in Fig. 6. The lining under the basalt cladding is in water
retaining concrete.

IMPORTANCE OF THE OPTIMISATION
OF THE SHAPE OF RECESSES

While the external formwork for mined tunnels is provided by a primary
lining, it is necessary in the case of cut-and-cover tunnels to equip the travel-
ling formwork with an outside shutter. Part of the safety equipment of road
tunnels are recesses for SOS cabins, fire hydrant recesses or recesses for cle-
aning manholes on side drains, which usually protrude from the lining and
complicate the operations. In railway tunnels, the situation is similar becau-
se there are safety recesses installed at maximum 25m intervals among tun-
nel safety elements. An advantage of rail tunnels is the fact that installing the
side drainage cleaning manholes and connection points of the (dry) fire main
in safety recesses is allowed, thus the total number of recesses is reduced. As
far as the structural function of the lining is concerned, the work on the form
and the application of a waterproofing membrane are optimal if the shape of
recesses does nor extend beyond the outer side of the lining and the entire
recess can be incorporated into the lining wall thickness, which is quite great
at the side wall level of cut-and-cover tunnels. Whereas SOS recesses or safe-
ty recesses cannot be integrated into the lining because of their dimensions,
the incorporation is possible in the case of fire hydrant recesses and recesses
for cleaning manholes on side drains in road tunnels by optimising their
shape and adapting the routes of drains. Another advantage of “hiding”
a recess in the lining is the fact that the rear wall of the recess does not pro-
trude into the construction trench, therefore a uniform width of the handling
space along the tunnel tube is maintained. This feature plays a crucial role in
the constricted space in construction trenches, during casting of the lining and
installing of waterproofing layers, as well as during backfilling operations.

As an example of the optimisation of the shape of recesses, we can menti-
on the drainage cleaning recesses in the Libouchec and Panenskd tunnels,
which are both found on the D8 motorway, before the border with the FRG.
The drainage cleaning recesses for the Panenska tunnel, which was designed
in an advance, were designed for the original diameter of the manholes given
by the tender documents, which fact principally affected the depth of the
recess. When the technical solution for the Libouchec tunnel was being nego-
tiated, the side drainage cleaning manhole diameter was successfully reduced
to a mere S00mm at the manhole depth of 1.5m, thanks to the owner’s posi-
tive attitude. The resultant effect is shown in Fig. 7, in which the formwork
for the Panenskd tunnel is on the left side and the optimised formwork shape
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Tuel

Obr. 8 Optimalizace tvaru vyklenku u tunelu SOKP 513
Fig. 8 Optimisation of the recess shape in the PCCR 513 tunnels

pramér Sachty neini pii ¢isténi Z4dné problémy. Zdsadni roli hraje pravidel-
nd udrzba drendzniho systému, zejména v prvnich letech po uvedeni tunelu
do provozu, kdy dochdzi k vyluhovéni jemnych ¢astic z horninového masivu
i ze strikaného betonu primérniho osténi. Pri prvnim Cisténi po uvedenf tune-
lu do provozu se ukdzalo, Ze sedimenty v potrubi mohou dosahovat znaénych
tlousték. K rozptyleni obav investora prispélo zmenseni hloubky Sachet.
Tunely SOKP 513 se nachézeji ve dvou protismérnych obloucich s pricnym
sklonem vozovky 2,5 %. Na zdklad€ zahrani¢nich zkuSenosti navrhl projek-
tant natdCeni celého profilu tunelu podle pricného sklonu vozovky, ¢imz
uspofil na hloubce Sachty oproti ptivodnimu ndvrhu cca 15 cm a zejména
zjednodusil pristup k drendZzim, coZ hraje zasadni roli pfi jejich pravidelném
Cisténi. U nenatoCeného profilu pri $itce tiipruhového tunelu 14,5 m,
u Ctyipruhového dokonce 18 m, piicny sklon vyrazné ovliviiuje prostorové
usporadani na boku tunelu a tim i hloubku drendZi pod drovni chodniku.
Zmenseni pruméru Sachty a pouZiti zalomeni zadni stény vyklenku (opét dle
zahrani¢niho vzoru) vedlo k takovému zmenSeni vyklenku &istén{ drendZe,
Ze konstrukéné nezasahoval do rubu osténi hloubeného tunelu. Vyznam opti-
malizace tvaru vyklenku je zfejmy z obr. 8, kde je porovndn tvar konstrukce
podle zaddvaci a podle realizani dokumentace. Stejny tvar vyklenku ¢isté-
ni drenaZe byl pouzit i pro vyklenky poZzédrnich hydrantu, coz bylo umozné-
no navrhem modernich tunelovych hydrant s vyvody typu A a B nad sebou
kolmo k ose tunelu. To vedlo k dal§imu zjednoduseni bednicich prvka defi-
nitivnho osténi. Tento tvar vyklenku, vyvinuty z potfeby zjednoduseni bed-
néni hloubenych tunel, byl nakonec pouZit i v raZenych tisecich tunelu stav-
by 513.

Naopak negativni dopad do konstrukéniho feseni tunelového osténi mély
pozadavky na vedeni drendzi. Zatimco v razené Césti tunelu probihd tunelo-
vd drendz podél patky osténi primo, u hloubeného tunelu zabiha kvuli tvaru
rubu osténi tunelu do vyklenku na Ci§tén{ drendZe a ndsledné vybihd opét za
rub osténi. Uhel odbo&eni hraje v§znamnou roli z hlediska konstruk&nich
tiprav vyztuZe osténi. Zatimco na tunelu Libouchec probihalo odboceni pod
tihlem 30°, v piipadé tuneld stavby SOKP 513 poZadoval investor provést
odboceni pod tihlem pouhych 15° s ohledem na lep$i moZnost revize a ¢isténi
drendzniho potrubi. Zdanlivé idedln{ feSeni z hlediska vodarského se nega-
tivné promitlo do konstrukéntho feSeni z hlediska stavebniho. ProdlouZeni
tiseku, kde drendZni trubka prochdzi patou tunelu, i neptiznivy dhel drendZze
k osténi ovlivnily provadéni vyztuZe na tseku délky pres 3 m (viz obr. 9).
Piiklad ukazuje nutnost hledani kompromisu pii nalezeni optimalniho tech-
nického feSeni a posuzovéni konkrétnich detail z pohledu viech ziicastné-
nych profesi.

IZOLOVAT, €I NEIZOLOVAT?

V soucasné dobé je ve vétsiné piipadi v CR zajidténa vodonepropust-
nost osténi hloubenych tunelt hydroizolaéni f6lii. Standardné pouZzivana
signdlni vrstva plni svou funkci v piipadé raZenych tuneld, kdy lze pomo-
cf vrypa do signdlni vrstvy kontrolovat piipadnd poskozeni zpusobend
napr. pri instalaci vyztuze. U hloubenych tunell predstavuje nejvetsi
nebezpedi pro hydroizolaéni f6lii provddéni zdsypu a hutnéni v tésné bliz-
kosti konstrukce. V tomto pripadé signdlni vrstva jiz nemuZe pii identifi-
kaci poskozeni pomoci a vady se projevi zpravidla az po provedeni zasy-
pu nebo dokonce po uvedenti tunelu do provozu. Podzemni voda prosaku-
jici poskozenym mistem hydroizolaéni félie nepronikd do tunelu v misté
poruchy, ale v pracovni ¢i dilata¢n{ spare nebo v misté oslabeni betonu
osténi. Sanace takového problému je obtiZnd a finan¢né i ¢asové ndrocnd.
Snahou projektanta i zhotovitele proto je navrhnout ochrannou vrstvu hyd-
roizolacni félie tak, aby se riziko poskozeni minimalizovalo. MoZznosti je
nekolik. Pri vystavbeé Zelezni¢niho tunelu Veprek navrhl projektant po
dohodé se zhotovitelem a investorem ochranu hydroizola¢ni félie tl. 3 mm

Obr. 9 PreruSeni vyztuzZe pri prichodu drendZe osténim
Fig. 9 Cutting out of reinforcement bars for the passage of drainage through
the lining

for the Libouchec tunnel on the right side. The contractor did not hesitate to
order new forms for the recesses when casting the shorter tunnel.

When working on the detailed design for tunnels on construction lot 513
of the Prague City Circle Road, the designer used the experience obtained on
the Libouchec tunnel and, after numerous discussions with the project owner
and future operator, he managed to push through the reduction of the diame-
ter of side drainage cleaning manholes from 800mm to 600mm. The result of
this optimisation was even more visible than that in the case of the tunnels on
the D8 motorway. The main concern of the owner was the future maintenan-
ce if the diameter is reduced. The experience gained during operation shows
that the diameter of a manhole causes no problems during the drainage clea-
ning. The crucial role is played by regular maintenance of the drainage sys-
tem, first of all during the first years after the tunnel commissioning, when
washing out of fines from the ground mass and the shotcrete primary lining
takes place. It turned out during the initial cleaning after the tunnel commis-
sioning that the thickness of sediments in the pipeline can be significant. The
reduction in the depth of manholes contributed to dispelling the owner’s con-
cerns. The PCCR 513 tunnels are found on two reverse curves with the trans-
verse incline of the roadway of 2.5%. The designer, using experience from
abroad, proposed that the entire tunnel profile be rotated proportionally to the
transverse incline of the roadway, thus he saved about 15cm of the manhole
depth compared to the original design and, first of all, simplified the access
to drains, which fact plays crucial role during regular cleaning of the drains.
In the case of a non-rotated profile, at the triple-lane tunnel width of 14.5m
and even 18m width in the case of the quadruple-lane tunnel, the transverse
incline significantly affects the geometric design on the tunnel side, thus also
the depth of drains under the pavement surface. Reducing the manhole dia-
meter and using a rebated rear wall of the recess (again according to a foreign
model) led to such reducing of the drainage cleaning recess dimensions that
the structure did not reach the external side of the cut-and-cover lining. The
importance of optimising the shape of the recess is obvious in Fig. 8, where

Obr. 10 Ochrana hydroizolace strikanym betonem
Fig. 10 Protection of the waterproofing with shotcrete




Obr. 11 Ochrana hydroizolace recykldtem pryie ELTEC
Fig. 11 Protection of the waterproofing with ELTEC recycled rubber plates

pouze pomoci geotextilie 800 g/m? a $térkopiskovym obsypem (viz obr.
2). Diky precizni a bezchybné préci zhotovitele Metrostav se podarilo
hloubené tseky dokonale zaizolovat a po 8 letech provozu lze konstatovat,
Ze hydroizolacni f6lie plni svou funkci.

Pii vystavbé tuneld stavby SOKP 513 navrhoval projektant zadavaci doku-
mentace ochranu hydroizolaéni félie pomoci stifkaného betonu. Jednd se
o spolehlivy zpusob, ktery byl pouZit napf. pfi vystavbé tunelu Sitina
v Bratislavé (viz obr. 10). Jeho pouZit{ v8ak v piipadé tuneld SOKP 513 nara-
zilo na prostorové poméry ve stavebni jomé. Omezeny prostor mezi sténou
jémy a osténim tunelu technicky neumoznoval néstiik betonu provést.
Zhotovite]l SKANSKA BS proto spole¢né s projektantem RDS hledali alter-
nativni feSeni, které by zohlednilo zvysené riziko poskozeni f6lie pfi mani-
pulaci mechanizma ve stisnénych pomérech jamy. Ochrana félie pouze geo-
textilif v tomto piipad€ nezaruCovala bezchybné provadéni praci. Pivodné
navrhovany strikany beton po fadé diskusi nahradily nakonec pésy recykld-
tu. Zhotovitel nejprve pouzil na krat§im 70 m dlouhém presypaném tunelu
pasy z recyklované pryZe ELTEC GR 850 FS tloustky 20 mm. Trvanlivost
i odolnost past proti mechanickému poskozeni dokladovaly atesty vyrobku
provadéné v souvislosti s jeho pouZitim pod prazci na Zeleznici. Instalace na
osténi tunelu probihala bez vétSich problémi a vyrobcem dokladované
mechanické vlastnosti materidlu ddvaly zdruku dobrého vysledku (viz obr.
11). Komplikace prisly v okamziku, kdy je nikdo necekal, a jak se pozd&ji
ukézalo, souvisely s klimatickymi podminkami. Paradoxné se jednalo
o0 poCasi pro provadéni izolaterskych praci optimalni. Pfi osvitu slune¢nimi
paprsky se diky Cerné barveé materidl zacal rychle zahiivat a ndsledné mék-
nout. Vlastni vahou tak doglo k protaZen{ a nezadoucimu zvInéni. Svou roli
hrdl i tvar tunelu, jehoZ boky byly svislé a péasy nebyly k osténi nijak upev-
nény. I pres uritou komplikaci pri provadéni se podarilo zpétné zasypy
zvladnout a v dne$ni dobé je jiZ tunel v celém rozsahu zasypan (viz obr. 12).
Ziskand zkuSenost byla pro ucastniky vystavby cennym poucenim a pro
ochranu izolace pres 170 m dlouhych dseka na portdlu Komorany a 85 m
dlouhych tseku na portdlu Cholupice jiZ zhotovitel pouZil recykldt S-FOAM,
ktery i pri zahrat{ své mechanické vlastnosti zdsadné nemenil.

Pouziti hydroizola¢ni félie neni jedinou moznosti, jak zajistit vodonepro-
pustnost osténi hloubeného tunelu. Dalii zpusob predstavuje pouZiti betonu
odolného proti prusakim s tésnénim pracovnich a dilatanich spar mezi bloky
betondZe sparovymi pasy. V mensim rozsahu doslo k dspéSnému nasazent této
alternativy jiz na hloubenych dsecich tunelt Veprek a Libouchec, i kdyZ délka
tisekt neprekrocila 40 m. Osténi hloubenych tunelt odolné proti prusakam
navrhl projektant i na Zelezni¢nich tunelech Mald Huba a Hnévkovsky 1., pri
realizaci se vSak nepodarilo zajistit poZadovanou kvalitu provadéni betonu
a konstrukce musela byt dodate¢né izolovdna pomoci félie. Vodonepropustny
beton se pouzil i na ¢dsti tuneld staveb Metro IVC1 a tunelového komplexu
Blanka.

Dalif rozsahlé pouziti osténi z betonu odolného proti priisakiim se v CR nyni
chystd. V listopadu 2009 zapocalo hloubeni stavebni jamy dvoukolejného
Zelezni¢niho tunelu Voticky na tratovém tiseku Votice—Benesov u Prahy. Tunel
je vzhledem k nizkému nadlozi v celé délce 590 m provadén jako hloubeny.
Jeho délka byla pri¢inou, pro¢ se projektant po dohod€ s investorem rozhodl pii
zajisténi vodonepropustnosti nespoléhat na hydroizolaéni félii. Vzhledem
k tomu, Ze vodonepropustné osténi dosud nebylo v takovém méfitku v CR pou-
7ito, a i s ohledem na negativni zkusenosti z jiZ zmitiovanych tuneli Mald Huba
a Hnévkovsky L., si investor vyminil jako pojistku pro lepsi odvod prosakujici
vody pouZit alespoii v &sti horni klenby nopovou f6lii. I kdyZ navrZeny zpusob
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the structure shape required in tender documents is compared with the shape
according to the detailed design. The same shape of the drainage cleaning
recess was even used for fire hydrant recesses. This use was possible owing
to a modern tunnel hydrant design with the outlet types A and B found above
one another, perpendicular to the tunnel centre line. This improvement led
to further simplifying of the formwork for the final lining. This shape of
recesses, which was developed on the basis of the need for simplifying the
formwork for cut-and-cover tunnels, was eventually used even in mined tun-
nel sections of the tunnels on construction lot 513.

Conversely, requirements for the alignment of drains had a negative effect
on the tunnel lining. While in a mined part of a tunnel the tunnel drainage
runs directly along the tunnel footings, it diverts to the drainage cleaning
recess and subsequently returns beyond the external surface of the lining in
the case of cut-and-cover tunnels. The diversion angle plays an important role
in terms of structural changes in the reinforcement of the lining. While the
diversion angle was 30° in the Libouchec tunnel, the PCCR 513 project
owner required the diversion to be only at 15° so that inspections and clea-
ning of drains were easier to perform. The solution, which was seemingly
ideal from hydraulic engineer’s point of view, negatively projected itself into
the design of the tunnel structure. The extension of the section in which the
drainage pipe runs through the tunnel footing and the unfavourable angle bet-
ween the drain and the lining affected the reinforcement placing operation
within an over 3m long section (see Fig. 9). This example shows how neces-
sary it is to seek compromises in searching for an optimum technical soluti-
on and assessing particular details from points of view of all professions col-
laborating on the design.

WATERPROOFING — WITH OR WITHOUT IT?

At the moment, the majority of cases water-tightness of cut-and-cover tun-
nel linings are secured by waterproofing membranes. A signal layer, which is
used as the standard, fulfils its role in the case of mined tunnels, where visib-
le notches in the signal layer allow the inspection of contingent defects cau-
sed, for example, when reinforcement bars are being placed. As far as cut-and-
cover tunnels are concerned, the greatest threat to a waterproofing membrane
is presented by backfilling and compacting the backfill in a close vicinity of
the structure. In this particular case the signal layer can never help to identify
damage and defects are usually discovered too late, when the backfill has been
completed or even later, after the tunnel is opened to traffic. Ground water see-
ping through the damaged point in the waterproofing membrane does not leak
into the tunnel in this location. Instead it leaks through a day joint or expansi-
on joint, or in a location where the concrete forming the lining is weakened.
Solving of such a problem is a difficult task, demanding in terms of costs and
time. The designer and the contractor therefore make all efforts to design
a protective waterproofing membrane layer minimising the risk of damage.
There are several options available. In the case of the Veprek rail tunnel con-
struction, the designer proposed and the contractor and the project owner agre-
ed to protecting the 3mm thick waterproofing membrane only with an 800
g/m? geotextile and gravel-sand backfill (see Fig. 2). Owing to the precise and
flawless work of Metrostav a.s., the contractor, the cut-and-cover tunnels were
provided with perfect waterproofing and, after 8-year operation, it is possible
to state that the waterproofing membrane fulfils its function.

Regarding the tunnels on the PCCR lot 513, the designer for the tender
documents proposed protecting the waterproofing membrane by a shotcrete
layer. This reliable method was used before, for example during the con-
struction of the Sitina tunnel in Bratislava. (see Fig. 10). The application of
this method to the PCCR 513 tunnels was found impossible due to the lack
of space in the construction trench. Owing to the constricted space between
the side of the trench and the tunnel lining, the application of shotcrete was
technically impossible. The contractor, SKANSKA BS, together with the
designer, for that reason sought an alternative solution which would allow for
the increased risk of damaging the membrane by equipment moving in the
constrained conditions of the construction trench. Protecting the membrane
only by geotextile in this case did not guarantee flawless execution of the
works. The originally designed shotcrete was, after numerous discussions,
replaced by sheets of recycled rubber. First, the contractor used 20mm thick
ELTEC GR 850 FS recycled rubber sheets on the shorter, 70m long false tun-
nel. Durability and resistance of the sheets against mechanical damage were
documented by certificates which had been issued in the connection with tes-
ting of this product for its use under sleepers on rail tracks. The application
to a tunnel lining did not encounter bigger problems and the mechanical pro-
perties of the material declared by the manufacturer gave a guarantee of
a good result (see Fig. 11). Complications arose at the moment when nobo-
dy expected them. As it turned out later, they were associated with climatic
conditions. Paradoxically, the weather was optimal for the application of
a waterproofing membrane. When exposed to the sun light, owing to its black
colour, the cladding material quickly started to heat up and subsequently to
soften. Then it got elongated by its own weight and undesirably undulated.
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Obr. 12 Kompletni zdsyp hloubeného tunelu
Fig. 12 Complete backfill of a cut-and-cover tunnel

klade vysoké ndroky na provddéni, véfime, Ze UspéSnd realizace povede
k vét§imu rozsiten{ pouZivani vodonepropustnych osténi v CR a rozptyl{ po¢é-
te¢ni obavy investora. Provddéni vyZaduje vénovat mimorddnou pozornost
névrhu betonové smési, spravnému zpusobu hutnéni, preciznimu provédéni
detaill, stanoveni doby odbednéni i oSetfovani betonu po odbednéni. Vznik
trhlin je tfeba minimalizovat snizenim hydratatniho tepla i dislednym oetfo-
vanim betonu v poldtecnich okamzicich po odbednéni nejen z hlediska vysy-
chént, ale i s ohledem na tepelny Sok. Cenou za precizni provedeni bude mini-
malni riziko prisaku a pokud k nim prece jen dojde, pak to bude skute¢né
v miste, které je problematické, coZ se u varianty s hydroizolacn folif prohlé-
sit nedd. Lokalizace poruchy je v piipadé folie velmi obtiZnd a sanace prusaku
ndro¢nd a ndkladnd, naopak u vodéodolného osténi je misto poruchy snadno
identifikovatelné a sanovatelné.

V zahrani¢i bylo osténi hloubenych tunelt z betonu odolného proti prisa-
kim vody jiz mnohokrét s tspéchem pouZito. I u tuneld s vysokou hladinou
podzemni vody jsou tzv. ,,bilé vany* béZn¢ zvlddnutym pracovnim postupem.

TUNELY CASTECNE HLOUBENE, CASTECNE RAZENE

Pod trochu kontroverznim ndzvem této ¢asti ¢lanku se skryvaji konstruk-
ce hloubenych tiseki tuneli raznych pod zastropenim. Metoda vystavby se
v CR vystizné nazyva ,zelva“. Duvoda pro¢ sdhnout k tomuto zptisobu

Obr. 13 Tvarovdni horniny do profilu klenby
Fig. 13 Moulding of ground into the shape of a vault

The tunnel shape also played its role. The sides were vertical and the sheets
were not fixed to the surface by any means. Even despite a certain complica-
tion during the work, the backfill was successfully completed and today is
completely covered (see Fig. 12). The experience which was gained became
a valuable lesson for the parties to the construction. The contractor subsequ-
ently used S-FOAM recycled plates, which did not significantly change
mechanical properties when heated, for the protection of the waterproofing
of over 170m long sections at the Komorany portal and 85m long sections at
the Cholupice portal.

The use of a waterproofing membrane is not the only way to ensure waterp-
roofing of a cut-and-cover tunnel lining. Another technique is represented by
the use of water retaining concrete with construction joints and joints betwe-
en concrete casting blocks sealed by waterstops. This alternative was success-
fully used to a smaller extent even before, on cut-and-cover sections of the
Veprek and Libouchec tunnels, where the length did not exceed 40m. The
water retaining lining of cut-and-cover tunnels was proposed by the designer
even for the Mald Huba and Hnévkov I rail tunnels. Unfortunately, the con-
tractor failed to maintain the required quality of processing the concrete, the-
refore the structure had to be provided by a waterproofing membrane. The
water retaining concrete was also used on some section of the underground
line IVCI and of the Blanka complex of tunnels in Prague.

The next use of water retaining concrete in the Czech Republic is now
prepared. The excavation of a construction trench for the Votice double-rail
tunnel on the Votice — Benesov u Prahy track section started in November
2009. Because of the shallow depth of the cover, the tunnel is designed
throughout its length of 590m as a cut-and-cover structure. Its length was the
cause why the designer, with owner’s approval, decided not to rely on
a waterproofing membrane when securing the waterproofing. Taking into
consideration the fact that such the extent of a watertight concrete lining has
not been used in the Czech Republic yet and with respect to the negative
experience with the use on the above-mentioned Mald Huba and
Hnévkovsky I tunnels, the owner insisted on the application of a dimpled
membrane to the upper part of the vault as an insurance providing better eva-
cuation of water seeping through the backfill. Even though the designed
construction technique puts heavy demands on workmanship, we believe
that successful completion will lead to wider spreading of the use of water
retaining concrete linings in the Czech Republic and will dispel the owner’s
initial concerns. This work requires exceptional attention to be paid to the
concrete mix design, a proper compaction technique, precise workmanship
on details and determination of the stripping time and curing time after the
form stripping. Developing of cracks must be minimised by reducing the
heat of hydration and thorough curing of concrete immediately after the
form stripping, not only as far as concrete drying is concerned but also with
respect to a thermal shock. The precise workmanship will be rewarded by
minimised risk of seepage and, if it occurs despite the measures, it will be in
a location which is really problematic. This cannot be stated in the case of
the waterproofing membrane variant. Locating a defect is a really difficult
task in the case of a plastic membrane and sealing of leaks is a difficult and
cost demanding operation, whereas the defect location is easy to find and
remedy in the case of a water retaining concrete lining.

Cut-and-cover tunnel linings in water retaining concrete have already been
many times successfully used abroad. The so-called “white tank” technology
(Translator’s note: “white tank” in the meaning of Austrian standards) is current-
ly commonplace even in the case of tunnels where the water table level is high.

PARTLY CUT-AND-COVER AND PARTLY MINED TUNNELS

The little bit controversial heading of this part of the paper contains struc-
tures of cover-and-cut tunnels, where the mining is carried out under a roof
deck. This construction method is aptly called the "tortoise” in the Czech
Republic. There are several reasons for choosing this construction




Obr. 14 Razba tunelu Mald Huba pod provizorni klenbou
Fig. 14 Driving the Mald Huba tunnel under the temporary vault

provadent je hned nékolik a nékteré budou v dal$im textu prezentovany na jiz
realizovanych stavbach. Pro¢ razit tunel pod zastropenim?

Prvnim z duvodt je omezent §itky i hloubky stavebni jémy a minimalizace
objemu vykopu. K hlouben{ tunelt dochdzi v misté, kde vyska nadloZi nedo-
voluje ekonomickou a bezpecnou razbu tunelu. Geotechnické poméry
v dolnich partiich stavebnich jam vsak jiZ v fadé pripadi poskytuji dostatec-
nou stabilitu masivu pro razbu. V piipadé zmifiovanych Zelezni¢nich tuneld
Mald Huba a Hnévkovsky 1. by vzhledem k reliéfu terénu predstavovalo stan-
dardn{ otevieni svahované stavebni jamy znacny zésah do krajiny. Proto pro-
jektant navrhl pouzit ,,metodu Zelva“, kdy se na vytvarovany rostly terén dna
svahované stavebni jamy po obvodu kaloty tunelu osadila separa¢ni folie a na
ni vybetonovala vlastn{ klenbové konstrukce provizorniho osténi, kterd svym
tvarem pripomind krunyt Zelvy (viz obr. 13). Na obrdzku jsou zndzornény
faze provadeni od vytvarovan{ zemniho télesa, pies poklddku separaéni folie
a geotextilie az po zahdjeni montdZe vyztuze klenby. Po dosaZeni potrebné
unosnosti klenby je mozné konstrukci zasypat a razba jiz probihd pod jeji
ochranou. Klenba plni funkci primérniho osténi a postup vystavby pod ochra-
nou klenby odpovida postupu pfi konvenénim zpusobu tunelovéani. Kromé
meng§ich rozméru stavebni jamy je dalii vyhodou moZnost pouZiti subtilné;j-
Stho osténi, nez kdyby se jednalo o standardné provddény hloubeny tsek
tunelu. Toho je dosazeno lepsim podeprenim konstrukce na bocich tunelu
rostlou horninou, nez v piipadé obsypaného hloubeného tunelu. Tunel pro-
vadény pod zastropenim zndzoriuje na piikladu tunelu Mald Huba obr. 14,
kde je jiz klenba zasypana a razba pod zastropenim umoZznila minimalizovat
objem zemnich praci spojenych s vykopem stavebni jamy. V daném useku
nebylo mo7né vzhledem k malé vySce nadloZi tunel razit standardnim zpu-
sobem a pii provadéni v oteviené stavebni jame by zvIaste levy bok jamy
zasahoval daleko do lesa.

Jednim z duvodt razby tunelu pod zastropenim je zkrdceni etapy vystav-
by, kdy je povrch tizem{ postiZen stavbou. To hraje hlavni roli pri vystavbé
méstskych tuneld. V tomto piipadé boky stavebni jamy zajistuje paZeni, které
zdroven slouZ{ jako nosnd konstrukce tunelu. Po zastropent tunelu Ize provést
povrchové tpravy a Gzemi vrdtit Zivotu ve mesté. Razba pak probihd neza-
visle na povrchu tdzemi.

Dalsi priklad ukazuje moZnost vyuZiti této metody ke stabilizaci svahu
stavebni jdmy. Jednd se o vychodni portdl ddlni¢niho tunelu Branisko na
Slovensku. V oblasti portdlu doslo v souvislosti s razbou pruzkumné $toly
i s hloubenim stavebn{ jamy pro razbu vlastniho tunelu k odtéZeni zna¢né-
ho mnoZstvi horniny v paté svahu pohoi{ Branisko. Hloubeny tunel mél byt
provéadén po ochranou kotvenych podzemnich stén. Béhem praci na prohlu-
bovani stavebni jémy hloubeného tunelu doilo k enormnim de3tim
a zvodnéni horninového masivu nad stavebni jamou. Voda prosakovala aZ
na bazi pokryvu a zasahovala i zvétralé polohy skalniho podkladu. Svah nad
tunelem se dal do pomalého, ale dlouhodobého pohybu a bylo nutné urych-
lené provést jeho stabilizaci, nebot v pripadé sesuvu piimo ohrozoval sta-
vebni jému tunelu. Kromé povrchovych drént a odvodiiovacich vrtu bylo
nutné co nejrychleji zpétné pritiZit patu svahu. Inklinometr osazeny do pod-
zemn{ stény u nestabilnfho svahu jiZ ukazoval jeji pfelomeni a nebylo Casu
nazbyt (viz obr. 15). Dal¥f odtéZovani paty svahu v misté hloubenych tune-
10 vznikl4 situace vyluovala. V misté jizniho tunelu bylo okamZité zapoca-
to s tpravou terénu do tvaru klenby. BetondZ zacala pocdtkem prosince
a znacné ji komplikovaly klimatické podminky, kdy teplota klesala
pod —15 °C. BetondZ klenby probihala pod plachtami, pod které byl vhanén
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technique. Some of them will be presented in the following text on exam-
ples of already completed projects. Why should tunnel excavation be car-
ried out under a roof deck?

The first reason is the fact that the width and depth of the construction
trench are limited and the excavation volume is minimised. The cut-and-
cover method is used in locations where the height of the overburden
does not allow economic and safe tunnel excavation. Geotechnical con-
ditions in lower parts of construction trenches often provide stability of
ground mass sufficient for the application of mining techniques.
Regarding the above-mentioned Mald Huba and Hnévkov I tunnels, ope-
ning of a sloped construction trench in a standard manner would have
meant significant intervention into the landscape. For that reason the
designer proposed using the “tortoise” method, where the natural terrain
at the bottom of the sloped construction trench was moulded into the
shape of the tunnel calotte roof, a separation membrane was spread on
the moulded ground and the vaulted structure of the primary lining, remi-
niscent of a tortoise shell, was cast on it (see Fig. 13). In addition, the pic-
ture shows phases of the process, from the ground body moulding,
through applying the separation membrane and geotextile up to com-
mencing the placement of the vault reinforcement. When the required
loading capacity of the vault is achieved, the structure can be backfilled
and the subsequent mining operation takes place under the protection of
the vault. The vault fulfils the role of a primary lining and the work under
the protection of the vault corresponds to the conventional mining pro-
cedure. Another advantage is, apart from smaller dimensions of the con-
struction trench, the possibility of designing a thinner lining than in the
case of building a standard cut-and-cover tunnel. This effect is the result
of better bracing of the tunnel sidewalls against natural ground mass than
it is in the case of the cut-and-cover tunnel. A cover-and-cut tunnel is pre-
sented on an example of the Mald Huba tunnel (see Fig. 14), where back-
fill of the vault was completed and owing to the excavation under the
roof deck the volume of earthmoving associated with the excavation of
the construction trench could be minimised. It was impossible in the par-
ticular section to apply standard mining procedures because of a shallow
overburden and, in the case of excavating an open construction trench,
the left slope above all would have extended far into the forest

One of the reasons for using the cover-and-cut technique is shortening
of the construction period, during which the surface of the area is affec-
ted by the construction works. This reason plays the main role when
urban tunnels are in question. In such the case the sides of a construction
trench are supported by bracing which serves at the same time as an ele-
ment of the tunnel structure. When the roof deck has been completed, it
is possible to carry out surface finishes and return the area to the life in
the city. The further excavation then proceeds independently of the sur-
face of the area.

The other example shows the possibility of using this method for sta-
bilising a slope of the construction trench. The construction in question
is the eastern portal of the Branisko motorway tunnel in Slovakia.
A significant volume of ground was removed from the toe of a slope of
the Branisko mountain range in the area of the portal when an explora-
tory gallery was being driven and the construction trench for driving of
the tunnel itself was being excavated. Anchored diaphragm walls were
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Obr. 15 Prubéh deformace podzemni stény po aktivaci sesuvu
Fig. 15 Diaphragm walls deformation curve after the landslide activation
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Obr. 16 Klimatické pomery pri betondZi Zelvy na tunelu Branisko
Fig. 16 Climatic conditions during the casting of the Branisko tunnel tortoise shell

Obr. 18 Pritizent paty svahu vychodniho portilu tunelu Branisko
Fig. 18 Surcharging of the toe of the slope at the eastern portal of the
Branisko tunnel

horky vzduch (viz obr. 16). Tunel délky 4975 m byl provddén jako jednot-
roubovy, ale u vychodniho portdlu jiz byl pred dstim pruzkumné Stoly, kterd
je vedena v trase budouciho severniho tunelu, pripraven zérodek druhé tune-
lové trouby, tvoreny prefabrikovanou klenbou osazenou na zdkladovych
pasech podchycenych mikropilotami (viz obr. 17). Konstrukei tvorily pouze
dva prefabrikované dilce a staticky se jednalo o trikloubovy oblouk.
Monolitickd i prefabrikovand klenba umoznily urychlené provedeni zdsypu,
které zajistily pritiZeni paty svahu a zastavily poinajici sesuv. Pfi razb¢ pod
klenbou jizniho tunelu se jiz svahové posuny neprojevily. V soucasné dobé
je vypsdno vybérové fizeni na projekt pro tzemni rozhodnuti vystavby
druhé trouby tunelu. Budouci zhotovitel diky provedenym opatfenim jiz
nebude muset znovu otevirat problematickou oblast nestabilniho svahu
vychodniho portdlu. Na obr. 18 jsou zndzornény obé klenbové konstrukce
a Celnf gabionovd zed, kterd umoZnila zvysit objem zdsypl a pritizit tak
pasivni oblast potencidlniho svahového sesuvu.

ZAVER

Projektovén{ a provadéni hloubenych tunelt neni zdaleka tak jedno-
tvarné a snadné, jak by se mohlo na prvni pohled zddt, i kdyZ se v ném
moznd neskryvé tolik tajemstvi, jako v pripadé navrhovéni raZenych
tiseku tunelu. Uvedend problematika a priklady z praxe vystavby hloube-
nych tuneld poukazuji na nékteré aspekty, které vyznamné ovlivnily zpua-
sob projektovén{ a provadéni uvedenych tuneli. K mnoha zméndm doslo
az ve fazi realiza¢ni dokumentace, coZ bylo zpusobeno jednak reakei na
skute¢né zastizené podminky, jednak snahou o nalezeni optimalniho fese-
ni z hlediska provadént.

Zména projektu v drovni realizacni dokumentace je vZdy ndro¢nd jak na
rychlost zpracovani dpravy projektu, tak i na projedndni s ostatnimi ticast-
niky vystavby. Proto véfime, Ze uvedené zkuSenosti mohou byt pro ¢tend-
fe inspirujici a mohou jim pomoci pfi projektovani i vystavbé tuneld.

ING. LIBOR MAIéI’K, libor.marik@ikpce.com,
IKP CONSULTING ENGINEERS, s. r. o.

Recenzoval: prof. Ing. Jiri Bartik, DrSc.

Obr. 17 Podchyceni zdkladovych patek prefabrikované klenby
Fig. 17 Underpinning of footings of the precast vault

designed to protect the construction of the cut-and-cover tunnel.
Enormous rains were encountered during the construction trench deepe-
ning operations. They saturated the ground mass above the construction
trench. Water seeped down to the base of the soil cover, reaching even
the weathered layer of the bedrock. The slope above the tunnel started
slowly but continuously to move. It had to be quickly stabilised because
it would have threatened the construction trench for the tunnel in the case
of a landslide. Apart from surface drains and drainage wells, it was
necessary as fast as possible to apply a surcharge to the toe of the slope.
An inclinometer installed in the diaphragm wall at the instable slope had
already shown that the wall was broken, there was therefore little time to
waste (see Fig. 15). Because of the new situation, further cutting off of
the slope toe in the cut-and-cover tunnel location was ruled out. The
work on moulding of the terrain into the vault shape started immediate-
ly in the location of the southern tunnel tube. Concrete casting started at
the beginning of December. It was seriously complicated by climatic
conditions, with temperatures dropping under -15°C. Concrete was pla-
ced under the protection of tarpaulins and hot air was blown underneath
(see Fig. 16). The 4975m long tunnel was built as a single-tube structu-
re, but there was a short length of the other tunnel tube prepared at the
eastern portal, in front of the mouth of the exploratory gallery following
the alignment of the future northern tunnel tube. It was formed by
a precast vault placed on foundation footings, which were underpinned
by micropiles (see Fig. 17). The structure consisted only of two precast
elements, structurally acting as a triple-hinged arch. Both the cast-in-
place and precast vaults allowed expedited backfilling so that the sur-
charge to the toe of the slope could be applied and the commencing land-
slide be intercepted. The slope movements never appeared again during
the excavation under the southern tunnel tube vault. Currently, bids have
been invited to carry out the design for issuance of the zoning and plan-
ning decision for the second tunnel tube. Owing to the implemented mea-
sures, the future contractor will not have to reopen the problematic area
of the instable slope at the eastern portal. Fig. 18 shows the two vault
structures and the front end gabion wall, which made an increase in the
backfill volume possible, owing to which the passive area of a potential
landslide was surcharged.

CONCLUSION

Designing and constructing cut-and-cover or cover-and-cut tunnels is
far from routine and easy job as it might seem at first glance, even though
there are not so many secrets hidden in it as in the case of mined secti-
ons of tunnels. The above-mentioned problems and examples from tun-
nel construction praxis indicate the existence of some aspects signifi-
cantly affecting the design and construction of the above-mentioned tun-
nels. Many changes were implemented as late as the detailed design
stage. The reason was the fact that the actually encountered conditions
had to be responded and an optimum solution in terms of the works exe-
cution had to be sought.

Any change at the detailed design level is always demanding in terms
of the short time available for the designing work and negotiations with
other parties to the construction. For that reason we believe that the expe-
rience described above can be inspiring for readers and help them in the
process of designing and constructing tunnels.
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