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NOVE TUNELY NA VYSOKORYCHLOSTNI TRATI
NORIMBERG - INGOLSTADT, USEK , STRED”

NEW TUNNELS ON THE “MIDDLE” SECTION
OF THE NUREMBERG - INGOLSTADT HIGH-SPEED LINE

Mgr. JIRi ZMITKO, ILF CONSULTING ENGINEERS, s. r. o.

uvoD

Prispévek struéné charakterizuje jednu z nejvétsich v soucasnosti realizova-
nych tunelovych staveb v Evropé. Jsou zde zahrnuty poznatky a skutecnosti
z let 1999 a 2000. V zakladnich rysech popisuje jednotlivé tunely a nejvétsi
problémy spojené s jejich vystavbou. Podrobnéjsi charakteristika jednotli-
vych tunell, geologie a technologie vystavby by ovSem vyzadovala mno-
hem vétsi prostor nez ten, ktery byl pfispévku vymezen.

Vysokorychlostni trat Norimberk - Ingolstadt (Mnichov) je soucasti nové
projektované vysokorychlostni sité v SRN. Po sjednoceni Némecka vznikla
v ramci jeho zaclenéni do dopravni infrastruktury EU potfeba nového Zelez-
niéniho propojeni mést: Berlin - Halle - Lipsko - Erfurt - Norimberk.
Vlysledkem ma byt trasa vysokorychlostni trati vedouci od Skandinavie pres
Berlin do Mnichova s napojenim na Veronu v severni Itélii.

Takzvané ,severojizni propojeni” stanovila Evropska unie jako prvorfady
Ukol v rdmci ,transevropské sité”.

Realizace vyty¢eného ukolu probiha jak rekonstrukci a optimalizaci stavaji-
cich tratovych usekd, tak i vystavbou zcela novych tratovych Gseka.
Parametry traté Norimberk - Mnichov:

Celkovéa délka: 171 km
Norimberk - Ingolstadt 89 km
Ingolstadt - Mnichov 82 km

Doba jizdy: 1 hodina
Sklonové poméry:

Nové useky: max. 20 %
Optimalizované useky: max. 12,5 %
Cena: 1,98 mld. EUR

Trasa Norimberk - Ingolstadt je rozdélena na pét sekd: Useky 7.2 a 1.1,
JJih”, ,stfed” a ,sever”. Clanek detailné popisuje inZenyrsko-geologické
podminky a zplisob vystavby useku ,stfed”.

USEK STRED

Smeérové reSeni Useku ,stfed” kopiruje pfiblizné trasu dalnice A9 a priichod
trasy pohotim Jura fesi prostfednictvim tfi tunelovych objektd. Smérem od
jihu k severu to jsou: 7260 m dlouhy tunel Irlahill, 650 m dlouhy tunel
Schellenberg a 7700 m dlouhy tunel Euerwang. Mezi tunely Irlahill
a Schellenberg pretina trasa Udoli feky Altmiihl a mezi tunely Schellenberg
a Euerwang udoli feky Antlauter.
Firma ILF Consulting Engineers provadéla na objednavku Deutsche Bahn
nasledujici ¢innosti:
* vypracovani projektové dokumentace
« geologickou dokumentaci, interpretaci vysledkd geotechnickych méfeni,
prognozu geologické situace (optimalizaci technologického postupu
v zavislosti na IG podminkach, pfipadné zména technologickych tfid vyrubu)
« technickéhy dozor investora (kontrolu kvality a mnoZstvi provadénych
praci)
Geodetickd méfeni a tunelovy scanner Dibit zajistovaly firmy Angermaier
a Geodata. Systém Dibit (Digitales BildmeRsystem fiir den Tunnelbau)
umoznuje pomoci stereofotogrammetrického snimani povrchu tunelu v jed-
notlivych diléich etapach vystavby sledovat a prostorové vyhodnocovat
odchylky od projektovaného tvaru v kterémkoli misté dila. Obrovskou vyho-
dou systému DIBIT je, Ze nesleduje pouze jednotlivé body (jak je tomu pfi
klasickém geotechnickém méreni), ale snimkuje, vyhodnocuje a dokumen-
tuje cely povrch zajmové plochy. V pfipadé, Ze je nasazen ihned po prove-
deni zadbéru pred nastfikdnim primarniho osténi, umoznuje provadét snim-
kovani pro geologickou dokumentaci vyrubu. Dale mdze byt snimkovana
primarni i sekundarni obezdivka. Je-li DIBIT pouZit pfi vice stavebnich
fazich, vznikd moznost sledovat téz objemy pouzitého materialu a tloustky
jednotlivych vrstev osténi. Je-li snimkovéana jedna etapa v uréitych ¢aso-
vych odstupech, lze sledovat rovnéz sedani a pfiéné a podélné posuvy.
Jednotlivé faze |ze pozdéji porovnavat s projektovanym profilem nebo vza-
jemné mezi sebou. Tim vznikd moznost sledovat nadvyruby ¢i podvyruby
v kterémkoli misté tunelu, neboli Ize presné uréit, jak se li§i skute¢né prove-
deni od projektu.
Realizaci stavby zajistovala firma HOCHTIEF, ktera si najimala jednotlivé
subdodavatele. Z ¢eskych firem v ramci subdodavek provadéla razbu od
portalu Euerwang jih firma Metrostayv, a. s., ktera po pocate¢nim ,seznamovani”
dosahovala nejlepsich vykond v ramci useku ,stfed”. Firma Subterra, a. s.,
se podilela na razbé tnikovych vychodu a Sachet.

INTRODUCTION

The paper briefly characterises one of the largest tunnel structures being
currently built in Europe. It contains the knowledge and facts from the years
1999 and 2000, describing basic features of individual tunnels and the most
serious troubles connected with their development. Obviously, a more detai-
led characteristics of the particular tunnels, the geology and method of their
construction would have required much larger space than the space alloca-
ted to the paper.

The Nuremberg - Ingolstadt (Munich) high-speed rail line is part of the high-
speed network being newly developed in the FRG. After the unification of
Germany, in the framework of its incorporation into the EU traffic infrastruc-
ture, a need originated of developing a new link between cities: Berlin - Halle
- Leipzig - Erfurt - Nuremberg. The final result should be a high-speed line
running from Scandinavia via Berlin to Munich, with a link to Verona in nort-
hern Italy. The European Union set the so-called “north-east connection” as
a principal task within the scope of the “Trans-European network”.

The set task is being implemented either by reconstruction and optimisation
of existing railway sections, or by construction of brand new track sections.
The Nuremberg - Ingolstadt line parameters:

Overall length: 171 km
Nuremberg - Ingolstadt 89 km
Ingolstadt - Munich 82 km

Travel time: 1 hour
Gradient conditions:

New sections: max. 20
Optimised sections: max. 12.5

Cost: EUR 1.98 billion

The Nuremberg - Ingolstadt line is divided into five sections, i.e. sections 7.2
and 1.1, “South”, “Middle” and “North”. This article describes in detail engi-
neering geological conditions and the construction method at the “Middle”
section.

THE MIDDLE SECTION

Horizontal alignment of the “Middle” section copies approximately the A9
motorway'’s route. Three tunnels have been designed to solve the alignment
passing across the Jura mountain range. These are, from the north to the
south, the 7,260 m long Irlahiill tunnel, 650 m long Schellenberg tunnel, and
7,700 m long Euerwang tunnel. Between the Irlahiill and Schellenberg tun-
nels the route traverses the Althmiihl river valley, and between the
Schellenberg and Euerwang tunnels it crosses the Antlauter river valley.
Based on Deutsche Bahn's order, ILF Consulting Engineers carried out follo-
wing operations:

« development of design documents

* geological documentation, interpretation of geotechnical measurements
results, prognosis of geological situation (optimisation of the technical pro-
cedure depending on EG conditions, or, as the case may be, modification of
excavation classes)

« execution of client’s supervision (quality inspection, quantity surveying)
Angermaier and Geodata provided the geodetic survey and the Dibit tunnel
scanner. The Dibit system (Digitales BildmeBsystem fiir den Tunnelbau)
allows monitoring and spatial assessing of deviations from the designed
shape at any place of the works to be carried out by means of stereophoto-
grammetric scanning of the tunnel surface in relevant partial construction
phases. A great advantage of the DIBIT system is that it not only monitors
individual points (as it is at a conventional geotechnical measurement), but
also takes photographs, and assesses and documents the whole area being
surveyed. In case of its application just after the excavation advance, i.e.
before spraying primary lining, it allows photographs for the geological
documentation to be taken. In addition, both primary and secondary liners
can be recorded. If the DIBIT is utilised over more construction phases, an
opportunity arises to follow the volumes of material consumed and thick-
ness of the lining individual layers. If one phase is recorded by taking pictu-
res at certain time intervals, the settlement and transversal and longitudinal
displacements can be monitored too. The particular phases can be later com-
pared with the designed cross section or between each other. Thus a possi-
bility originates to follow overbreaks or underbreaks at any place of the tun-
nel, i.e. to determine exactly how the actual tunnel deviates from the design.
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TUNELY
Struéna geologicka charakteristika

Cela oblast tvofi komplex nékolik stovek metri mocného souvrstvi sedi-
mentdrnich hornin s prevladajicim sklonem vrstev mirné uklonénych k jihu.
Tunel Irlahiill prochézi od jizniho portélu tfetihornimi jilovitopis¢itymi sedi-
menty, po nichZz nasleduji druhohorni (jurské) a dolomitické vapence.
Prakticky celd razba probihala v karbonatech specifickych vysokym stupriem
zkrasovéni, které se projevovalo jak Spatnou kvalitou horniny, tak i vysky-
tem podzemnich dutin. Dutiny nabyvaly Casto rozmér( nékolika desitek
metrt. Nékteré podzemni prostory vypliovaly sesuté hlinité zvétraliny
s bloky vapence, jiné byly volné priichodné. Po zkrasovatélych vapencich
nasledovala formace vrstevnatych (misty az masivnich), krasovénim prak-
ticky nepostizenych vapencu.

Razba tunelu Schellenberg probihala kromé portalovych Gsekd v celé délce
ve vrstevnatych vépencich.

Tunel Euerwang byl od jihu razen ve vépenatych prachovcich, které pozdé-
ji pfechazely v jilovité prachovce az jilovce. Horniny asto obsahovaly velké
mnozstvi fosilii, zvlasté schranek amonitd. Smérem k severu nasledovaly
stiipkovité rozpadavé, jemné pisCité jilovce, tvofici podstatnou Cast délky
tunelu. Severni portél tvofily pfevdiné jemnozrnné sedimenty. Ve dné sta-
vebni jAmy se nalézaly Cerné plastické jily, v nadloZi s vrstvami slabé zpev-
nénych piskovcl, piskd a jilovitych piska.

Technologie vystavby tuneld

V8echny tunely byly razeny Novou rakouskou tunelovaci metodou (NRTM),
ktera diky své flexibilité nejlépe vyhovuje pozadavku bezpecné a ekonomic-
ké realizace tunell ve slozitych a proménlivych IG podminkach.

Vzhledem k délce tunell Irlahiill a Euerwang zacala razba vybudovanim pfi-
stupovych tunell razenych Upadné smérem ke stiedu budouciho tunelu.
Toto FeSeni umoznilo razit tunel smérem od stiedu k portalim. S uréitym
zpozdénim za razbou od stfedu tunelu pak zapocala i razba od jiznich
a severnich portalt. Otevieni 4 celeb na kazdy tunel vyrazné zkratilo celko-
vou dobu vystavby. Po dobu razby slouZily pFistupové tunely k dopravé
rubaniny a vétrani pracovist, po dokonéeni objektt budou plnit funkci uni-
kovych cest. Optimalizaci organizace prace i sporu nakladu umoznilo vyu-
Ziti pouze jednoho zafizeni stavenisté, zajistujiciho obé razby a operativni
pfemistovani techniky mezi tunely.

Razba tunelu Irlahiill ze stfedu smérem k portalim probihala za pouziti kom-
binace trhacich praci a razby tunelovym bagrem, ve zvlast zkrasovélych tse-
cich postacoval k rozpojovani horniny tunelovy bagr. Pfi pouzitém horizon-
talnim ¢lenéni vyrubu se pohybovala délka zabéru od 1 m do max. 1,7 m
(u jizni razby), resp. max. 2 m (u severni razby). Jako nezbytné se ukazalo
pravidelné predvrtavani celby, které slouZilo k jednoduché a rychlé detekci
krasovych dutin. Pfi provadéni pfedvrtd se sledovala rychlost vrtani a barva
vyplachu. Na vysledcich prlizkumu zavisel navrh dal$iho postupu, eventual-
né vrtné schéma. Zhruba ve stani¢eni 1530 m jizni razby doslo k extrémni-
mu zhor$eni situace, kdy se na jedné strané ¢elby objevila dutina o vysce
asi 20 m, v jejimz stropé ,visely” zaklinéné bloky o objemu 2 - 3 m?* (viz obr.
2, 3). Dutina pokracovala Sikmo ve sméru razby do nezjisténé hloubky. K
vyplnéni dutiny doslo az po nasypani pfes 1500 m® rubaniny ze severni
razby. K oddéleni nebezpeéného prostoru od vlastniho osténi tunelu slouzila

NORIMBERK
Niirberg
INGOLSTADT
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Obr. 1 Umisténi stavby
Fig. 1 The construction position

The construction implementation was provided by HOCHTIEF, who hired
several sub-contractors. Czech companies were also used. Metrostav, a.s.,
constructed the South portal of the Euerwang tunnel excavation, reaching
the best outputs within the “Middle” section after initial process of “acqua-
inting”, and Subterra, a.s., participated in escape exits and shafts excavation.

TUNNELS
A brief characteristic of geology

The whole area is formed by a complex of several hundreds of meters of
a mighty series of measures of sedimentary rocks, with a prevailing slight
dip of the measures towards the south.

The Irlahiil tunnel passes from the South portal through the Tertiary clayey -
sandy sediments, followed by the Mesozoic (Jurassic) and dolomite limesto-
nes. Virtually all excavation took place in carbonates specific by a high
degree of karstification, which manifested itself through poor rock quality
and underground cavities occurrence. The cavities sizes often achieved seve-
ral meters. Some underground spaces were filled with slipped loamy detri-
tus containing limestone blocks, others were freely passable. A formation of
bedded (locally even massive) limestone, practically unaffected by the kars-
tification, followed after the karstified limestone.

With the exception of the portal sections, the Schellenberg tunnel excavati-
on was carried out along its overall length in bedded limestone.

The Euerwang tunnel was driven in chalky siltstones changing later to clay-
ey siltstones to claystones. The rocks often contained a significant amount
of fossils, primarily ammonite shells. Towards the north, quarrying fine
sandy claystones followed along a substantial part of the tunnel length. Fine-
grained sediments prevailed at the North portal. Black plastic clays were
found at the construction box bottom while at the overburden there were
layers of weakly consolidated sandstones, sands and clayey sands.

The tunnel construction method

All tunnels were driven by the New Austrian Tunnelling Method (NATM),
which, thanks to its flexibility, suits the best the requirement of safe and eco-
nomic construction of tunnels in complex and variable EG conditions.
Because of the length of the Irlahiill and Euerwang tunnels, the excavation
started by construction of access tunnels driven downhill to the future tun-
nel’s midpoint. This solution made the tunnel excavation from the midpoint
towards portals possible. The excavation from the portals South and North
began with a certain delay after the excavation from the tunnel midpoint.
The four points of attack existing at each tunnel reduced the overall con-
struction period significantly. The access tunnels were used for mucking out
and ventilation of work places throughout the excavation time. Once the
structures are completed, they will serve as escape ways. The fact that only
one construction site was established for the two tunnel drives and the tun-
nels operatively shared mechanical equipment made optimisation of the
work organisation and cost savings possible.

The Irlahiill tunnel excavation from the middle towards portals was carried
out using a combination of drill-and-blast and face excavator. The face exca-
vator was sufficient for excavation in extremely karstified sections. The
advance per cycle at the horizontal face sequencing varied from 1 m to max.
1.7 m at the southern drive, or max. 2 m at the northern drive. Regular dril-
ling ahead of the face to detect karst cavities proved indispensable. The dril-
ling velocity and the drilling fluid colour were monitored in the advance dril-
ling. The proposal on the further procedure or the drilling pattern depended
on the exploration results. The situation worsened extremely, roughly at
chainage of 1,530 m of the southern drive. A cavity about 20 m high appea-
red on one side of the face, with 2 - 3 m’ loose rock blocks wedged at the
roof (see Fig. 2, 3). The cavity continued at an angle in the drive direction up
to an unknown depth. Over 1,500 m* of muck had to be brought from the
northern drive to fill it. A concrete slab and protective wall were cast under
the loose rock blocks to separate the dangerous space from the tunnel lining.
Then about 50 m long adit was mined at the top heading centre, serving as
an exploration gallery. When the extent of the problematic section had been
verified, the works continued by enlarging the adit excavation to the full top
heading cross section. The vault of the adit became part of the top heading
roof, thus protecting this section against rockfall in an advance. In principle
this method was a modification of a vertical excavation sequencing with the
walls excavated and supported consequently.

The northern drive was performed in relatively good quality rock, and the
troubles with karst cavities were not encountered so frequently. Not too big
underground channels appeared carrying minor groundwater streams. A rat-
her small opening was disclosed during trimming of the core profile at cha-
inage 335 m (about 200 m behind the face). The opening allowed access to
a 2 -5 m wide crack perpendicular to the tunnel centre line. The dimensions
of the cavity, containing a big stream at its bottom, reached up to 50 m in
depth and over 100 m in length. Since it practically was not in contact with
the tunnel, it was left in its original condition. The only measure was the per-
formance of a more detailed survey of its neighbourhood and subsequently
its strengthening and supporting by anchors.

The frequent and many times totally unexpected occurrence of cavities
whose extent crossed original anticipations resulted in a necessity to carry
out a backward detailed verification of their extent. Geophysics application
seemed to be the simplest way. The 100 m long tunnel section which the
extent and size of the cavities had already been verified in during the exca-
vation was chosen for the purpose of the selection of geophysical measure-
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deska a ochranna sténa vybetonovana pod ,visicimi” bloky horniny. Ve
stfedu kaloty byla poté vyrazena zhruba 50 m dlouhé Stola, které zastavala
funkci prazkumné stoly. Po ovéfeni rozsahu problémového Useku pokraco-
vala razba rozsifenim vyrubu $toly do celého profilu kaloty. Klenba $toly
tvofila souéast klenby kaloty, ¢imz tuto €ast v predstihu zajistovala proti
vypadavani materialu. V podstaté se jednalo o modifikaci vertikalniho ¢le-
néni vyrubu s tim, Ze boky byly odtéZzeny a zajistény nasledné.
Severni razba probihala v pomérné kvalitni horniné a problémy s krasovy-
mi dutinami se nevyskytovaly tak ¢asto. Nékolikrat se objevily nevelké pod-
zemni ,kanaly”, kterymi protékaly drobné podzemni toky. Pfi zaCiStovani
profilu jadra ve staniceni 335 m (zhruba 200 m za ¢elbou kaloty) do$lo
nahodné k otevieni nevelkého otvoru, jenZ zpfistupnil zhruba 2 - 5 m S$iro-
kou trhlinu situovanou kolmo k ose tunelu. Rozméry dutiny, na jejimz dné
tekl velky potok, dosahovaly az 50 m hloubky a vice nez 100 m délky. Jelikoz
se tunelu prakticky nedotykala, byla ponechéana v plivodnim stavu, pouze
oblast v jejim okoli byla detailnéji prozkoumana a poté dodate¢né zpevnéna
a prokotvena.

asty a mnohdy zcela neofekdvany vyskyt dutin, jejichz rozsah pfedgil
puvodni ocekavani, ved| k nutnosti zpétného detailniho ovéreni jejich roz-
sahu. Nejjednodussi se jevilo vyuziti geofyziky. Pro vybér dodavatele geo-
fyzikalnich méfeni byl vybran 100 m dlouhy usek tunelu, ve kterém doslo
k ovéreni rozsahu a velikosti dutin jiz béhem razby. Geofyzikalni méreni
vsak bud nebyla schopna dutiny detekovat vibec, nebo poskytovala pouze
nedostate¢né a nejednoznacné vysledky. K detekci dutin proto slouZilo
zdlouhavé a pracné predvrtavani pinoprofilovych vrtd do dna tunelu. Stejné
jako v pFipadé predvrtavani ¢elby se dokumentovala rychlost vrtani a barva
vyplachu. ZvIast kritickd mista byla prozkoumana jadrovymi vrty. Dodateéné
prace |G prizkumu znacéné zpomalily stavbu tunelu.
Jizni portal tunelu Irlahiill je situovan ve svahované stavebni jamé, zajisténé
stfikanym betonem a kotvenim. Vlastni raZba probihala v soudrznych terci-
érnich zeminach, prevaziné jilovitych piscich, jilech a jilovcich. Vzhledem
k nepfiznivym vlastnostem materialu probihalo odtézovani pouze po zabé-
rech v kaloté délky max. 1 m s okamzitou stabilizaci dil¢ich vyrubU stfika-
nym betonem. Primarni osténi se skladalo z pfihradovych nosnikl, dvou
vrstev KARI sité a stfikanym betonem tloustky 30 cm. K omezeni deformaci
pfispivalo rozsiteni paty kaloty, do které byly v exponovanych mistech navr-
tany mikropility. Obavy z vyskytu tekutych piskl vedly k pouziti vakuového
odvodnéni okolniho masivu. Béhem razby nedo$lo k zastiZzeni zadné z téch-
to poloh. Po postupném zlep$eni kvality horniny se v nékterych mistech
zacalo pouZivat trhacich praci. Prostiedi tvofily jednotlivé pevné bloky hor-
niny obklopené pestrou $kalou jemnozrnnych zemin jilovitopis¢itého cha-

Obr. 2 Jeskyné zastizené béhem razby tunelu Irlahdll
Fig. 2 Cavities encountered during the Irlahiill tunnel excavation

Obr. 4 Pohled na severni portal tunelu Irlahill
Fig. 4 A view of the Irlahiill tunnel North portal

ments contractor. Unfortunately, the geophysical measurements were either
totally incapable of detecting the cavities or they provided insufficient and
ambiguous results only. Therefore a time-consuming and labour-intensive
method of pre-drilling full-profile boreholes to the tunnel bottom was appli-
ed for the cavities detection. Same as in the case of the face pre-drilling, the
boring velocity and drilling fluid colour were documented. Exceptionally cri-
tical locations were surveyed by core drilling. Those additional operations of
the EG investigation slowed-down the tunnel construction significantly.

The South portal of the Irlahiill tunnel is situated in a sloped construction pit
supported by sprayed concrete and anchors. The excavation proper took
place in cohesive Tertiary grounds, mostly clayey sands, clays and claysto-
nes. Due to unfavourable properties of the material, the excavation continu-
ed in steps only, with the top heading advance lengths of 1 m as a maximum
and immediate stabilisation of partial openings by shotcrete. Primary lining
comprised lattice girders, two layers of KARI mesh and 30 cm thick sprayed
concrete. Restriction of deformations was improved by widening the top
heading footings and micropiles bored into the footings in exposed places.
Fears of occurrence of quicksand led to application of vacuum drainage
dewatering the neighbouring massif. No quicksand was encountered during
the excavation. Once the rock quality had started to improve progressively,
blasting operations commenced in some locations. The environment consis-
ted of individual firm blocks of rock surrounded by a wide range of fine-gra-
ined ground of a clayey-sandy character. Obviously it was a heavily weathered
surface of Neozoic limestones with cavities filled by Tertiary sediments.
Absolutely unexpected situation occurred in a place where two thirds of the
face were formed by weathered limestone and remnants of cohesive clayey-
sandy ground. About 80 m?’ of even-grained dry sand fell suddenly to the free
space. The tunnel cover was not thicker than 20 m at that location. The col-
lapse caused an immediate creation of a funnel-shape depression in a field
above the tunnel. The fallen sand formed a cone in the opening, which, after
stabilising by shotcrete, prevented further sand from falling from the over-
burden during the saving operations. Grouting and consolidating the ground
secured the stability of the area above the vault. Once the collapsed section
had been overcome, the excavation continued without problems. The pre-
sence of the sandy material was a great surprise not only for the mining
crew and the construction supervision but also for local geologists.

The North portal of the Irlahiill tunnel (see Fig. 4, 5) is situated in a slope
under the A9 six-lane motorway. For that reason maximum stability of the
excavation had to be secured, and deformations of the cover restricted to
a minimum level.

At the beginning the excavation was carried out in the Altmihl River’s allu-

L g A
Obr. 3 Kaverny v podzemi Irlahll
Fig. 3 Caverns in the Irlahiill underground
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Obr. 5 Pohled na severni portal tunelu Irlahill
Fig. 5 A view of the Irlahiill tunnel North portal
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rakteru. Jednalo se ziejmé o silné zvétraly povrch druhohornich vapenct
s dutinami vyplnénymi tfetihornimi sedimenty. Zcela neoc¢ekavana situace
nastala v mistech, kde ¢elbu ze dvou tretin tvofil zvétraly vapenec a zbytky
soudrzné jilovitopiséité zeminy. DoSlo zde k nahlému ,vysypani” zhruba
80 m?® stejnozrnného suchého pisku do volného vyrubu. NadloZi tunelu
v téchto mistech nepresahovalo 20 m. Zaval se okamzité projevil vznikem
trychtyfovité propadliny v poli nad tunelem. Vysypany pisek utvofil v pro-
storu vyrubu kuzel, ktery po stabilizaci stfikanym betonem brénil po dobu
sanacnich praci dalSimu vysypdavéni pisku z nadlozi. Stabilitu oblasti nad
klenbou zajistovala proinjektovanda a zpevnéna zemina. Po prekonani mista
zavalu jiz probihala razba dal bez problému. Pfitomnost piscitého materialu
predstavovala znaéné prekvapeni jak pro razi¢skou osadku a stavebni dozor,
tak i pro mistni geology.

Severni portal tunelu Irlahill (viz obr. 4, 5) je situovan ve svahu pod Sesti-
proudou dalnici A9. Z tohoto diivodu bylo nutno zajistit maximalni stabilitu
vyrubu a deformace nadlozi omezit na minimum.

Razba probihala nejprve v naplavech feky Altmiihl, tvofenymi nesoudriny-
mi, stfedné ulehlymi pisky, misty s pfimési §térku, které prechazely do sva-
hovych suti tvofenych ostrohrannymi Glomky vépence o velikosti do 8 cm,
s pisCitymi a hlinitymi vlioZzkami. Poté jiZ nasledovaly rozpukané vrstevnaté
vapence.

Prvni fazi praci predstavovalo pfisypani pfitéZzovaciho nasypu ke stavajicimu
nasypu dalnice, z jehoZ etédii se realizovalo pfikotveni ¢ésti portalového
svahu pramencovymi kotvami. Vlastni razba za¢ala pod ochranou v pfedstihu
navrtaného destniku z mikropilot. V celém useku pod dalnici probihala
razba s vertikalnim ¢lenénim vyrubu a s dirazem na rychlé uzavieni dilCich
profild. Diky provedenym opatfenim probéhl podchod délniéniho télesa bez

v nadlozi.

Vzhledem k malé délce tunelu Schellenberg probihala razba pouze od jizni-
ho portalu. Problematicky portdlovy Usek v nestabilnich nesoudrinych
zeminéch s nizkym nadlozim byl fe§en metodou ,Zelva”. Jednalo se o razbu
tunelu pod ochranou v predstihu vybudované klenby. Bednéni klenby tvofila
vhodné vytvarovand rostla zemina. Vyhodou metody je snizeni objemu
zemnich praci, hloubky stavebni jamy, a tim i sniZeni rizika ztraty stability
svahu jamy. Po vybudovani klenby “Zelvy” byla stavebni jama opét zasypana
a razba probiha pod ochranou klenby bez nebezpeéi prolomeni nadlozi.
Vzhledem k obtiznému zajisténi stability opéfi pfi razbé jadra tunelu i vlast-
nich patek Zelvy bylo navrzeno zpevnéni nesoudrznych materialG pomoci
tryskové injektaze. Po prekonani portdlového Useku jiz razba probihala ve
vrstevnatych vapencich bez vyraznych probléma.

K zahajeni razby tunelu Euerwang doslo ze stfedového zachranného tunelu
smérem k portalim. Jak jizni, tak i severni razba probihala v monoténnim
souvrstvi, tvoreném jemné piscitymi jilovci s tenkymi vrstvickami a ¢ockami
jemnozrnnych piskovcd. Masiv byl zvodnély a dochazelo zde k plosnym pfi-
tokim o vydatnosti nékolika I/s. Vlivem uvoliovéni primarni napjatosti
v horniné a pfitoku vody dochazelo k neustdlému vypadavani a odpryska-
vani horniny z ¢elby. Nezbytnosti se proto stalo okamzité zajisténi ¢elby stfi-
kanym betonem. Prakticky v celém useku probihala razba bagrem s vyjim-
kou nékolika mist s vy§sim vyskytem piskovcovych poloh, kde se v malé
mife poutzily trhaci prace. Délka zabér( byla s ohledem na vlastnosti horniny
jen 1,2 m, s osazenim predrazenych jehel v kazdém zébéru.

JiZni portél je situovéan ve svahu zajisténém stfikanym betonem a hfebiko-
vanim. Zacatek razby probihal ve svahovych sutich a silné zvétralych vape-
natych prachovcich, které mély charakter zahlinéné balvanité suté. Material
se choval jako znaéné nestabilni a neustale hrozilo vypadavani horniny
z ¢elby a klenby. Pro zajisténi bezpeénosti bylo nutno pouzit velké mnozstvi
predrazenych jehel.

Kvalita horniny se v§ak postupné zlepSovala. Problém predstavovaly pouze
rozeviené zahlinéné pukliny, které nékdy zpusobovaly vypadavani velkych
blokd horniny z ¢elby a klenby. S postupujici razbou a vzdalenosti ¢elby od
portalu se zvétSovala délka zabéru a prechazelo se vyhradné k pouZziti trha-
cich praci. Ve stani¢eni 388,3 m se vSak neocekévané objevila krasova duti-
na, kterou protékal podzemni potok o vydatnosti zhruba 10 I/s (obr. 6).
Zvlastnosti bylo, Ze se tento krasovy systém nalézal v horninéach, které

Obr. 6 Podzemni potok na ¢elbé tunelu Euerwang
Fig. 6 Underground stream at the Eurwang tunnel face

vium, consisting of non-cohesive medium dense sands, locally with addition
of gravel, transiting to slope debris formed by sharp fragments of limestone
up to a size of 8 cm, with sandy and loamy inserts. Fractured bedded limes-
tones followed then.

The first phase of the works consisted in adding a stabilising fill to the exis-
ting motorway embankment. Anchoring of a part of the portal slope with
cable anchors was carried out from the partial levels of the fill. The excava-
tion proper started under the protection of an in- advance-drilled micropile
umbrella. A vertical sequence was used for the excavation of the whole sec-
tion under the motorway, with a stress placed on quick closing of partial pro-
files. Owing to the measures adopted, the motorway embankment was pas-
sed under without any serious problem and without negative manifestations
of the tunnelling in the above laying structures.

Because of the short length of the Schellenberg tunnel, the excavation was
carried out from the South portal only. The problematic portal section built
under a shallow cover of instable non-cohesive grounds was solved by the
“Turtle” method. This means a tunnel excavation protected by an in-advan-
ce-constructed vault. The formwork for the vault consisted in suitably shaped
natural ground. The advantage of this method is reduction in the earthwork
volume, diminishing the depth of the construction pit, thus also reduction of
the risk of lost stability of the pit slopes. The construction pit was backfilled
after the vault construction. The risk of the overburden collapse is avoided
by excavating under the completed vault.

Since it was difficult to secure the stability of the side wall areas during exca-
vation of the tunnel core and the vault footings, stabilisation of non-cohesive
materials by jet grouting was designed. The excavation continued in bedded
limestones without significant problems once the portal section had been
overcome.

The Euerwang tunnel excavation started from a central emergency escape
tunnel towards portals. Both the southern and northern excavation was car-
ried out in monotonous series of strata formed by fine sandy claystones with
laminas and lenses of fine-grained sandstones. The rock mass was saturated
and area inflows occurred with an intensity of several litres per second.
Permanent breaking and outburst of the rock from the face occurred
as a result of continuous primary stress relaxation in the rock, and water
inflows. Therefore immediate application of shotcrete on the face became
a necessity. The excavation was carried out by an excavator effectively along
the whole section, excepting several locations with higher occurrence of
sandstone interbeds where blasting was applied in a small extent. The
advance length was, because of the rock properties, 1.2 m only, with instal-
lation of spiles in each cycle.

The South portal is situated in a slope supported by sprayed concrete and
soil nails. The excavation started in slope debris and heavily weathered lime
siltsones, exhibiting a character of loamy bouldery debris. The material
behaviour was very instable. Breaking of the rock from the face and roof
threatened permanently. A big amount of spiles had to be used to secure the
safety.

However, the rock quality improved step by step. The only trouble was the
open cracks with loamy fill, causing from time to time falling of large blocks
of rock from the face and vault. The length of rounds increased with the pro-
gressing excavation and distance of the face from the portal, and drill-and-
blast started to be used. But a karst cavity appeared unexpectedly at chainage
388.3 m, with a 10 litre/s flow underground stream (Fig. 6). It was peculiar
that this karst system was found in grounds which are not subject to karsti-
fication and no other demonstration of the karstification was encountered.
The whole underground system is probably a continuation of the karst sys-
tem existing in the tunnel cover. It evacuated water from a vast area, which
fact was proved by presence of pebbles of various rocks. Although this event
slowed-down the works progress for a short time only, and the excavation
continued without troubles after sealing off and draining water away from
the tunnel.

The Euerwang North portal locality was formed by the Quaternary nappes
represented by sandy loams with places filled with limestone loamy debris.
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Obr. 7 Konstrukce ,Zelvy” na severnim portalu Euerwang
Fig. 7 The “Turtle” vault scructure at the North portal of the Eurwang tunnel
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lunel

béiné krasovéni nepodléhaji a ani zde se nevyskytl jiny projev krasovéni.
Cely podzemni systém je zrejmé pouze pokracovanim krasového systému
v nadloZi tunelu a odvadél vodu z rozséhlého okoli, o éemz svéd¢il vyskyt
valounk( nejriznéjsich hornin. Tato udalost v§ak pouze na kratkou dobu
zpomalila postup praci a po zatésnéni a svedeni vody mimo tunel pokraco-
vala razba bez problému dal.

Lokalita severniho portélu tunelu Euerwang byla tvofena kvartérnimi pokryvy
zastoupenymi pis€itymi hlinami s misty vyplnénymi vapencovou zahliné-
nou suti. V niz8ich polohach néasledovaly pisky az silné zvétralé nesoudriné
piskovce. V drovni pocvy tunelu se nalézaly plastické jily a jilovce tmavé
Sedé aZ cerné barvy s obsahem fosilii, tuhé az mékké konzistence.
Portalovy Usek je fesen Zelvou délky 48 m (obr. 7). Vzhledem ke specifickym
geologickym podminkdm byla Zelva vybetonovana mezi dvé pilotové stény
a slouzila tak jako rozpéra a ndhrada kotveni pilotovych stén.

Po odtézeni zemniho télesa pod Zelvou pokraovala razba podle zasad
NRTM v piscitych zeminach. Neustaly problém ovsem zplsobovalo vysypa-
vani a sesouvani nesoudrznych piscitych poloh, coZz vyvrcholilo vznikem
kominu v klenbé tunelu. Po sanaci pokra¢ovala razba dal, postupné vsak
dochazelo k plastickym deformacim okolnich zemin, néardstu pfitokd vody.
Situace vyvrcholila deformaci a porusenim casti osténi. Doslo k zastaveni
raiby a cely usek byl nasledné zajistén véjifi z ,vysokotlakych” mikropilot.
Dal$i razba pokracovala jiz pod ochranou téchto ,véjifG” realizovanych
v predstihu

Bezpeénostni vybaveni tunell

V rdmci pozadavki na zajisténi bezpecnosti jsou kazdych 1000 m vyrazeny
unikové vychody umozZnujici jak tnik osob, tak i pfijezd zachrannych a
pozarnich vozidel. Unikové objekty byly vyrazeny jednak jako samostatné
tunely (Stoly) mensiho profilu nebo rovnobézné s tunelem a nasledné pro-
pojeny s tunelem prorazkou, jednak jako hloubené $achty.

ZAVER

Realizace naroéné stavby ve sloZitych a mnohdy nepredpokladanych inze-
nyrsko-geologickych podminkach ukéazala vyznam a nutnost stalé kontroly
probihajicich praci, sledovani IG podminek a spravnou interpretaci vysledku
geotechnickych méfeni. Dllezitym predpokladem zdarné realizace tunelu je
dodrzovani technologické kazné ze strany stavebnich firem a jejich schop-
nost okamZité zareagovat na vzniklou situaci. NeoCekavané situace kladly
vysoké naroky na odbornou Uroven v§ech UGcastniki vystavby a schopnost
rychlého reagovani na vzniklou situaci. Na zakladé zastizenych podminek
dochazelo operativné ke zménadm v zajisténi vyrubu a Upravam technolo-
gického postupu razby tak, aby bylo nalezeno bezpe¢né a ekonomické reSeni.

Sands to heavily weathered non-cohesive sandstones followed at lower
levels. Plastic clays and claystones of dark grey to black colour of a stiff to
soft consistency, with a content of fossils, were found at the tunnel invert
level.

The portal section has been solved by the “Turtle” method within a length of
48 m (Fig. 7). Because of specific geological conditions, the vault was cast
between two pile walls. Thus it served as bracing and substitution of the pile
walls anchoring.

When the excavation of the ground body under the vault had been comple-
ted, the tunnel driving continued by the NATM, in sandy soils. However,
there was a continuing problem caused by non-cohesive sandy interbeds
falling and sliding down. It culminated by an overhead cavity in the vault.
The excavation continued after the repair, but plastic deformations of sur-
rounding soils and an increase in water inflows started to appear progressi-
vely. The situation culminated by deformation and collapse of a part of the
lining. The excavation work was suspended and the whole section was sub-
sequently supported by fans of “high-pressure” micropiles. Remaining exca-
vation was performed under the protection of those in-advance-built fans.

Safety equipment of the tunnels

Escape exits enabling both the escape of persons and access for emergency
and fire-fighting vehicles have been excavated at intervals of 1,000 m in the
framework of safety requirements. Escape objects were excavated either as
independent tunnels (adits) of a smaller diameter, or in parallel with the tunnel,
breaking subsequently through into the tunnel, or as escape shafts.

CONCLUSION

The implementation of the complex construction under difficult and many
times unexpected engineering geological conditions showed the importance
and necessity of continuous inspection of progressing works, monitoring of
EG conditions and correct interpretation of the geotechnical measurements
results. A crucial condition of successful realisation of tunnels is adherence
to specifications by civil engineering companies and their ability to respond
immediately to a new situation. Unexpected situations put heavy demands
on the professional level of all participants of the construction process, and
on the ability to respond quickly to the new situation. Operative changes in
the excavation support were implemented and the excavation technological
procedure amended on the basis of the conditions encountered so that
a safe and economic solution was found.
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