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VYSTAVBA TUNELOVEHO ,RETEZCE" GRANITZTAL
DEVELOPMENT OF THE GRANITZTAL TUNNEL “CHAIN"

JIRI ZMITKO

ABSTRAKT

,» Tunelovy fetezec Granitztal“ (Tunnelkette Granitztal) je druhym nejdelsim tunelovym komplexem tzv. Koralmské Zeleznice
(Koralmabahn), kterd v budoucnu propoji spolkové zemé Styrsko a Korutany a je soucdsti Adriaticko-Baltického Zelezni¢niho kori-
doru. Spojuje tidoli Lavanttal a Jauntal a pFimo navazuje na 32,9 km dlouhy tunel Koralm. Usek (Fetézec tunelii) se sklddd z tunelu
Deutsch Grutschen (2,6 km), presypaného tunelu Granitztal (0,6 km) a tunelu Langer Berg (2,9 km). Tunely jsou realizovdny jako
dva jednokolejné tratové tunely s propojkami, razené pomoci NRTM (vyjma tunelu Granitztal). Cldnek Jje zaméren na popis stavby
se zamérenim na tunel Deutsch Grutschen, kde jiz byly ukonceny razby (kolej ¢. 1 k 31.8.2016 a kolej ¢. 2 k 17. 10. 2016) a pre-
sypany tunel Granitztal. RaZby tunelu Langer Berg jsou v soucasnosti zhruba v poloviné, vzhledem k ocekdvanym pestrym geolo-
gickym podminkdm a geotechnicky problematickym tisekiim je tato stavba tématem pro budouci samostatny Cldnek.

ABSTRACT

., The Granitztal Tunnel Chain* (Tunnelkette Granitztal) is the second longest complex of tunnels on the so-called Koralm rail track
(Koralmabahn), which will in the future connect the federal states of Styria and Carinthia and which is part of the Adriatic — Baltic rail fre-
ight corridor. It connects the Lavanttal and Jauntal valleys and directly continues on from the 32.9km long Koralm tunnel. The tunnelled sec-
tion (the chain of tunnels) consists of the Deutsch Grutschen tunnel (2.6km), the Granitztal “false” tunnel (0.6km) and the Langer Berg tun-
nel (2.9km). The tunnels are being realised as two single-track running tunnels interconnected by cross passages. With the exception of the
Granitztal tunnel they are driven using the NATM. The paper is focused on the description of the construction, concentrating of the Deutsch
Grutschen tunnel, where the tunnel excavation has already been finished (track No. 1 on 315t August 2016 and track No. 2 on 17 October
2016), and the Granitztal false tunnel. The excavation of the Langer Berg tunnel is currently approximately in the middle; with respect to the
expected variable geological conditions and geotechnically problematic sections, this construction is the topic for a future independent paper.

1. 0voD

Stavba tunelového fetézce Granitztal navazuje v udoli
Lavanttal na tunel Koralm (jeho zdpadni dsek KAT3). V udol{
Lavanttal bude vybudovano zcela nové nddrazi. Na toto nad-
2,6 km, ndsleduje presypany usek a prechod potoka
Granitzbach v udoli Granitztal délky 0,6 km a tunel Langer
Berg (LB) délky 2,9 km, celkem tak vznikne tunel délky
6,1 km (obr. 1).

1. INTRODUCTION

The Granitztal tunnel chain project connects to the Koralm
tunnel in Lavanttal valley (its western section KAT3). A comple-
tely new railway station will be built in Lavanttal valley. The
2.6km long Deutch Grutschen (DG) tunnel directly continues on
from this station. It is followed by the Granitzbach false tunnel,
the passage across the Granitzbach brook in Granitztal valley and
the 2.9km long Langer Berg (LB) tunnel. A 6.1km long tunnel
will originate in this way (see Fig. 1).
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Obr. 1 Prehlednd situace celé stavby
Fig. 1 General layout of the entire project
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Oblast stavby zahrnuje tzemi jihozdpadniho okraje udoli
Lavanttal, dale trasa prochdzi pres tdoli Granitztal do ddol{
Dravy (Jauntal). Jsou podchdzeny dva hibety, nevyrazny hieben
Deutsch Grutschen a ostry, vyrazny hieben Langer Berg (786 m
n. m.). NadloZi tunelu DG je max. 142 m, prumérné cca 100 m,
maximdlni nadloZi tunelu LB je 347 m.

Investorem stavby je OBB Infrastruktur AG. Stavba je reali-
zovana sdruZenim firem Hochtief Infrastructure Austria
a Implenia Osterreich. Provaddéci projekt je zajistovan sdruZe-
nim kanceldri iC Consulenten, IGT Geotechnik und Tunnelbau
a Amberg Engineering.

Firmy iC Consulenten, IGT Geotechnik a Laabmayr pak
zajiStuji i pfimy stavebni a geotechnicky dozor (OBA).
Geologickou a hydrogeologickou dokumentaci provadi sdruze-
ni firem 3G Graz a BGG Consult. Geodetickd méreni v podze-
mi i na povrchu pak firma Geodata Leoben.

2. STRUCNY POPIS STAVBY

Tunely jsou navrzeny jako dva jednokolejné tubusy
s pevnou jizdni drdhou a s propojkami vzddlenymi 500 m.
Svétly prifez tuneld je 41,65 m2 pii plose vyrubu podle geo-
technickych podminek 59 a7 72,7 m2. Délka bloki sekundar-
niho osténi je 12,5 m. S vyjimkou blokl v prostoru propojek
jsou realizovany jako nevyztuzené. Maximalni ndvrhova rych-
lost je 250 km/h.

Pldnované ukonleni stavby je v prub€hu roku 2020, vlastni
uvedeni do provozu je pak zdvislé na navazujicich stavbéach
s predpokladem uvedeni do provozu v roce 2022 spolecné
s tunelem Koralm.

3. GEOLOGICKA STAVBA

V této kapitole budou popsany hlavni horninové typy piimo
souvisejici se stavbou.

Béhem pruzkumu bylo pro tunely DG realizovéno devét jad-
rovych vrtd, z nichZ osm bylo ndsledné vystrojeno jako hydro-
geologické.

Trasa tunelt DG byla rozdélena na dva celky, zde nazyvané
horninové dseky. A to 25 m dlouhy dsek vulkanitu a hornin
v jejich kontaktu a zbyly 2575 m dlouhy tsek v granitztalském
souvrstvi. Na toto rozdéleni neméla vliv ani pritomnost dvou
poruchovych zén. K témto dsekam byly procentudlné stanove-
ny tiidy vystrojeni. Pro popis a zatfidéni horninového masivu
nebyla pouzivdna zadna klasifikace.

3.1 Geologicka stavba — Tunel Deutsch Grutschen
- udoli Granitztal

Kvartér

Kvartérni (fluvidlni) sedimenty se vyskytuji v udoli
Granitztal. Jednd se o jemnozrnné az strednézrnné jezerni sedi-
menty (,,Stauseesedimente*). Prevazné jde o plastické az vyso-
ce plastické jilovitoprachovité hliny s mékkou az tuhou konzis-
tenci s proménlivym obsahem jemného pisku. Misty pak o hli-
nité pisky. Maximdlni mocnost téchto sedimenti je 25 m.
Charakteristickymi parametry jsou thel vnitiniho treni 22-27°,
soudrznost 5-10 kPa, modul pretvarnosti 10-20 MPa.

Neogén

Udoli Granitztal a Lavanttal jsou vyplnény neogennimi (mio-
cén) sedimenty tzv. Granitztalské a Lavanttdlské péanve
(Granitztaler, Lavanttaler Becken). Tyto sedimenty tvori i hre-
ben Deutsch Grutschen.

Granitztalské souvrstvi je tvorené slabé zpevnénymi prachov-
ci, piskovci a slepenci respektive nepravidelnym stiidanim téch-
to hornin. Misty (vlivem tektonického poruseni, zvétrdni nebo

Tuel

The area of the project comprises the south-western edge of
Lavanttal valley, continues across Granitztal valley to the Drava
River valley (Jauntal). Two mountain ridges are being passed
under, the indistinctive Deutsch Grutschen ridge and the steep
and distinctive Langer Berg ridge (786m a. s. 1.). The maximum
DG tunnel overburden is142m high, ca 100m on average; the
maximum LB tunnel overburden is 347m high.

The project owner is OBB Infrastruktur AG. The project is rea-
lised by a consortium consisting of Hochtief Infrastructure
Austria and Implenia Osterreich. The detailed design is provided
by a consortium of offices iC Consulenten, IGT Geotechnik und
Tunnelbau and Amberg Engineering.

The companies of iC Consulenten, IGT Geotechnik and
Laabmayr provide the direct construction and geotechnical
supervision (OBA). The geological and hydrogeological docu-
mentation is carried out by a consortium consisting of 3G Graz
and BGG Consult. Survey in the underground and on the surfa-
ce is carried out by Geodata Leoben.

2. BRIEF CONSTRUCTION DESCRIPTION

The tunnels are designed as two single-track tunnel tubes with
a slab track and cross passages spaced at 500m. The net cross-
section of the tunnels amounts to 41.65m? at the excavated cross-
sectional area ranging from 59 to 72.7m?2, depending on geo-
technical conditions. With the exception of lining blocks in the
space of cross passages, the lining is realised as unreinforced
concrete structures. The maximum design speed is 250km/h.

The completion of the project is planned to take place during
2020; bringing the tunnels into service depends on connecting
projects, with the assumption about the bringing into service in
2020, concurrently with the Koralm tunnel.

3. GEOLOGICAL STRUCTURE

The following chapter will describe the main ground types
directly associated with the construction.

Nine cored holes were bored for the DG tunnels during the sur-
vey; eight of them were subsequently equipped as hydrogeologi-
cal boreholes.

The alignment of the DG tunnels was divided into two blocks
named “ground sections” in this paper, the 25m long section for-
med by volcanites and rock types on their contact and the rema-
ining 2575m long section passing through the Granitztal
Formation. Nor the presence of two weakness zones affected this
division. The percentage of excavation support classes was deter-
mined for these sections. No classification was used for the desc-
ription and classification of the ground mass.

3.1 Geological structure - the Deutsch Grutschen
tunnel - Granitztal valley

The Quaternary period

Quaternary (fluvial) sediments are encountered in Granitztal
valley. They are fine-grained to medium-grained lacustrine depo-
sits (,,Stauseesedimente®). They are mostly formed by plastic to
highly plastic clayey-silty loams with soft to stiff consistency
and variable content of fine sand, locally loamy sand. The maxi-
mum thickness of the sediments amounts to 25m. The angle of
internal friction of 22-27°, cohesion of 5—10kPa, modulus of
deformation of 10-20MPa are the characteristic parameters.

The Neogene period

Granitztal and Lavanttal valleys are filled with Neogene
(Miocene epoch) sediments of the so-called Granitztal and
Lavanttdl basin (Granitztaler, Lavanttaler Becken). Even the

Deutsch Grutschen Ridge is formed by these sediments.
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Obr. 2 Vyrez z podélného fezu tunelu Deutsch Grutschen, vytéZeny bazalt (fialovd), monotonni, granitztilské

souvrstvi (svétle Zlutd)

Fig. 2 Cutout from the longitudinal section through the Deutsch Grutschen tunnel, the extracted basalt (violet),

monotonous, Granitztal Formation (light yellow)

slabé zpevnénych poloh) se tyto horniny nachazeji i ve formé
puvodnich sedimentu — $té€rky, pisky a jemnozrnné sedimenty.

Vlivem vulkanické ¢innosti na rozhrani miocénu a pliocénu
doslo v ddoli Lavanttal u osady Hundsdorf ke vzniku ¢ediCové-
ho sope&ného kominu, ktery prochazi granitztilské vrstvy. Cedié
(bazalt) byl historicky prakticky vytéZen jako stavebni kdmen.
Z lomu zustaly pouze obvodové skalni stény tvorici jakysi pri-
rodni amfitedtr. V této geologicky nejzajimaveéjsi Casti je situo-
vén severni portdl tunelti Deutsch Grutschen (obr. 2, 3, 4, 7).

Prumér CediCového sopecného kominu je na trovni terénu cca
150 m az 200 m. V minulosti byl vytéZen zhruba do hloubky
40 m pod soucasny terén a ndsledné zatopen. Prakticky svislé
steny lomu jsou vysoké cca 30 m. Tloustka zbytkové stény lomu
je proménlivd. Misty jiz vystupuji skrz ,,okna“ preménéné sedi-
menty, jinde je tloustka ¢edi¢e do 10 m (obr. 4).
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this geologically interesting part
(see Figures 2, 3,4 and 7).

The diameter of the basalt
chimney on the surface varies
from 250 to 200m. Basalt was extracted in the past up to the
depth of 40m under the current terrain surface and was subsequ-
ently inundated. The virtually vertical walls of the quarry are ca
30m high. The thickness of the remaining walls of the quarry is
variable. Altered rock locally steps out through “windows”, in
other places the basalt wall is up to 10m thick (see Fig. 4).

The basalt is broken by nonpersistent fissures; it disintegrates
into prismatic to columnar blocks. The unconfined compressive
strength amounts to 50—-150MPa.

A transition contact zone with thermally altered sediments,
characteristically named ,gefrittete Sedimente” (fried sedi-
ments) originated at the contact with the basalt (see Fig. 4).

The massive, locally bedded rock solidified by thermal
effects on contact with basalt gradually pass into weakly soli-
dified sediments (conglomerates) of the Granitztal Formation.

Obr. 3 Pohled na vytéZeny bazaltovy sopeény komin, budouci severni portdl
tunelit DG, svétlé stény ohrani¢uji puvodné zatopenou Cdst

Fig. 3 A view of the extracted basalt chimney, the future northern portal of
the DG tunnels, light walls forming the boundary of the originally inundated
part

méfitko scale
SP—
50 cm

Obr. 4 Detail kontaktu Cedice s tepelné zpevnénymi slepenci, tunel DG1
Fig. 4 A detail of the contact of basalt with thermally solidified conglomera-
tes, tunnel DG1
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Obr. 5 Detail vyhlazené plochy v tunelu DGI1 TM 1419
Fig. 5 A detail of a slickensided surface in the DG1 TM 1419 tunnel

Cedice jsou rozpukané nepriibéznymi puklinami, rozpadavé
na prismatické aZ sloupcovité bloky. Pevnost horninového
materidlu v prostém tlaku je 50-150 MPa.

Na kontaktu s ¢edi¢em doslo ke vzniku prechodové kontakt-
ni zOny s tepelné preménénymi sedimenty, priznainé nazvané
.gefrittete Sedimente” (smazené sedimenty) (obr. 4).

Masivni, misty vrstevnaté horniny zpevnéné tepelnymi G¢in-
ky na kontaktu s ¢edi¢em postupné prechézeji ve slabé zpev-
néné sedimenty (slepence) granitztalskych vrstev. Litologicky
se jednd prevazné o slepence s vloZkami prachovcu a piskov-
cu. Slepence jsou polymiktni, zaoblené s valouny o pruméru
do 40 cm. Pevnost v prostém tlaku je 10—100 MPa. Zdna tepel-
né premény dosahuje zhruba 50 az 55 m od portdlu.

Zbyvajici razby probihaly v sedimentech granitztalského
souvrstvi. Pfevdzné subhorizontdlné uloZené souvrstvi je cha-
rakteristické nepravidelnym stfidanim hrubozrnnych a jemno-
zrnnych poloh. Jedna se o:

Hrubozrnné, polymiktni slepence s valouny do velikosti
50 cm s pevnosti od 0,5 do 10 MPa. Misty s polohami s vys-
§im obsahem vépenatého tmelu ve formé nékolik decimetra
mocnych poloh a ¢ocek s pevnostmi 10 azZ 50 MPa.

Prachovce a piskovce, masivn{ az vrstevnaté jemnozrnné az
strednézrnné horniny s pevnosti 0,5 a 10 MPa a s lokalnimi
pevnéjs$imi polohami s pevnostmi do 70 MPa.

Prechody mezi pisCitymi a prachovitymi polohami jsou
misty plynulé bez zfetelnych prechodu. Orientace spadnice
vrstevnatosti k severozdpadu (prumér celé trasy 330/10°) se
s vyjimkou poruchovych z6n vyrazné neménil.

Prakticky monoténni podminky byly naruSovdny pouze
lokalnimi tektonickymi zdénami, kdy dochdzelo zejména
k vyjiZzdéni blokd horniny po vyhlazenych plochdch. Nej-
vyrazné€jsi problémy pak zpusobovaly plochy orientované
paralelné s Celbou se strmym sklonem, zpusobujici nejvétsi
problémy (obr. 5). Tyto strmé plochy souvisi s tzv. Lavant-
talskym poruchovym pdsmem, které je zastizeno razbou tune-
Iu Koralm na dseku KAT3.

V jinych pripadech poruchy pouze oddélovaly jednotlivé
polohy horniny ruzné zrnitosti bez zdsadniho vlivu na stabili-
tu Celeb (obr. 6).

3.2 Hydrogeologie

I pres relativné propustné horniny se hornonovy masiv choval

jako puklinové propustné prostredi. Béhem razeb nedochdzelo

Vv,

k vyraznym pritokim vody do vyrubu. NejCastéjsi pritoky se

TuoufHel

From the lithological point of view, they comprise mostly con-
glomerates with siltstone and sandstone interbeds. The agglo-
merates are polymictic boulders up to 40cm in diameter. The
unconfined compressive strength varies from 10 to 100MPa.
The thermal alteration zone reaches approximately 50 to 55m
from the portal.

The remaining tunnel excavation passed through the Granitztal
Formation sediments. The predominantly subhorizontal bedding
is characterised by irregular alternation of coarse-grained and
fine-grained layers. They comprise:

Coarse-grained, polymictic agglomerates containing boul-
ders up to 50cm, with the strength ranging from 0.5 to 10MPa.
Locally with layers with higher content of calcareous cement in
the form of several dm thick layers and lenses with the strength
of 10 to 50MPa.

Siltsone and sandstone, massive up to bedded fine-grained to
medium-grained rock with the strength ranging from 0.5 to
10MPa and local stronger layers with the strength up to 70MPa.

The transition between sandy and silty layers is locally fluent
without distinct changes. With the exception of the shear zones,
the north-western orientation of the maximum bedding slope line
(the average of the entire route 330/10°) did not significantly
change.

Virtually monotonous conditions were disrupted only by local
shear zones, where rock blocks slipped out along slickenside pla-
nes. The most significant problems were caused by planes oriented
in parallel with the steeply inclined excavation face (see Fig. 5).
These steep planes are associated with the so-called Lavanttal
shear zone, which was encountered by the Koralm tunnel exca-
vation in section KAT3.

In other cases the faults only divided individual layers of rock
with different gradation, without principally influencing the sta-
bility of excavation faces (see Fig. 6).

3.2 Hydrogeology

Despite relatively permeable ground types, the massif behaved
as a fissure permeable environment. No significant inflows of
water into the excavation appeared during the excavation. The
most frequent inflows manifested themselves as locally wet loca-
tions and virtually immeasurable inflows were the maximum.
The majority of headings were completely without any inflow.
Wet and dropping places appeared on the lining or in the vicini-
ty of rock bolts with a time lag of several days.

The water table and its response to the excavation were regu-
larly monitored by measuring the water table in boreholes. The
influence of the excavation was proved only in the closest bore-
holes. Here the water table dropped up to 20m. This significant
lowering of water table in boreholes in essence did not corres-
pond to the small amount of water flowing into the tunnels.

Measurements in the boreholes and the minimum inflows into
the tunnels proved the fact that the ground massif is divided by
tectonic faults into relatively small blocks. Owing to the imper-
meable smooth sliding planes with clayey coating, the blocks do
not significantly hydrogeologically communicate.

Apart from the above-mentioned facts, it also means that tec-
tonic faulting does not have to mean increased risk of inflows
into the excavation, just the opposite. Even a minute amount of
water in the locations of tectonic faults caused significant incre-
ase in the instability of the excavation face.

A new thing used on the entire Koralmbahn project was the
documentation of water inflows (even wet spots) manifesting
themselves on the surface of the primary lining. Water samples
were in addition taken for the purpose of detecting a potential for
the creation of sinter. The reason is an effort to obtain as much




projevovaly jako lokédlni vlhkd mista, maximdlné dochdzelo
k prakticky neméfitelnym pritokim. VétSina Celeb byla zcela bez
jakychkoliv pritoku vody. Vlhkd a kapajici mista se objevovala
s odstupem nékolika dni na osténi nebo v okoli svorniku.

Hladina podzemni vody a jeji reakce na vyrub byla pravi-
delné sledovdna méfenim hladiny ve vrtech. Vliv razby se pro-
kédzal pouze v nejblizsich vrtech. Zde doslo k poklesum hladin,
které dosahovaly az 20 m. Tyto vyrazné poklesy hladin ve
vrtech v podstaté neodpovidaly malému mnozstvi vody, které
pritékalo do tunela.

Meéfeni ve vrtech a minimdln{ pfitoky do tunelt tak prokdza-
ly skutecnost, Ze horninovy masiv je rozdélen tektonickymi
plochami na relativné malé bloky. Diky nepropustnym, vyhla-
zenym kluznym plochdm s jilovitoprachovitym povlakem pak
spolu tyto bloky hydrogeologicky nijak vyrazneé nekomunikuji.

Mimo uvedené skuteCnosti to vSak také znamena, Ze tekto-
nické poruseni nemusi znamenat zvySené riziko pritoku do
vyrubu, ale naopak. V mistech tektonickych poruch pak i nepa-
trné mnoZstvi vody zpusobovalo vyrazny ndrust nestability
celby.

Novinkou pouZitou na celé Koralmbahn pak byla dokumen-
tace pritoku (i vlhkych mist) vody projevujicich se na lici pri-
marniho osténi. Rovnéz byly odebirdny vzorky vody za tdce-
lem zjistén{ potencidlu k tvoren{ sintri. Davodem je snaha zis-
kat jeSté bezprostiedné po razbich co nejvice informaci
o budoucim zatiZeni drendZnich systému, eventudlné provést
jejich dpravu jesté béhem stavby.

4. TUNEL DEUTSCH GRUTSCHEN

RaZzby tunelu Deutsch Grutschen byly zahdjeny 15. 4. 2015
(DG1) a3.5.2015 (DG2) a ukonceny 31. 8. 2016, respektive
17.10.2016. Betonaze definitivniho osténi byly zahdjeny bez-
prostfedné po ukonceni razeb.
4.1 Severni portal

Severni portdl navazuje na budouci nddrazi Lavanttal. Je
situovan do byvalého ¢edi€¢ového lomu (obr. 7). Umisténi por-
tdlu do tohoto lomu pfineslo pomérné netradi¢ni situaci, kdy
bylo mozné zahdjeni razeb bez predchoziho zajisténi portdlo-
vych stén. Sténa byla pouze osazena ochrannou ocelovou sit{
a periodicky byla kontrolovdna z ploSiny, zda nedochdzi
k uvolnovani horniny.

Obr. 6 Tektonickd porucha oddélujici slepence (pravd strana) a piscité pra-
chovce v granitztalskych vrstvdach

Fig. 6 Tectonic fault dividing conglomerates (right-hand side) and sandy silt-
stone in Granitztal layers

26. rocnik - €. 3/2017

information as possible about the future loading on drainage sys-
tems immediately after the excavation or to carry out changes
still during the construction.

4. DEUTSCH GRUTSCHEN TUNNEL

The Deutsch Grutschen (DG) tunnel excavation commenced
on 15t April 2015 (DG1) and 3rd May 2015 (DG2) respectively.
It was finished on 315t August 2016 and 17th October 2016, res-
pectively. The casting of the final lining concrete started imme-
diately after the completion of the excavation.

4.1 Northern portal

The northern portal connects to the future Lavanttal railway
station. It is located into a former basalt quarry (see Fig. 7).
Locating the portal into this quarry brought in a relatively non-
traditional situation, where it was possible to commence the
excavation without preceding stabilisation of portal walls. The
wall was only covered with protective steel mesh and was perio-
dically checked from a lifting platform whether the rock loose-
ning process does not take place.

4.2 Southern portal

The southern portal of the DG tunnel emerges in Granitztal
valley in the area of the existing road. The Granitztal false tun-
nel follows behind the portal.

The portal is designed to be in a sloped construction pit with
the slopes in the upper part and the bottom part reposing at 1:1
and 4:1, respectively (in agreement with the client the bottom
part was realised practically vertically). The slopes are in additi-
on stabilised by an anchoring system (IBO) with anchors 4m and
8m long. Three tiers of cable anchors 38, 32 and 26m are instal-
led in the bottom part. Their roots are 8m long. They are drilled
on a 25° incline and are designed for 1200kN (see Fig. 8).

4.3 Mined tunnels

The tunnels were driven according to the principles of the
NATM, on a top heading, bench and invert sequence (the so-cal-
led horizontal division of the excavation face). The excavation
support classes (here referred to as ,,Systemverhalten®) are divi-
ded for the entire project according to geological blocks; classes
“Neogene 1 to 6” are designed for the DG tunnels. The LB tun-
nels are assigned classes “Neogene (N) and Permomessozoic
PM)”.

Individual classes are designed in a minimal variant and
a maximal variant; in this way the range of the support elements
within the framework of a class is defined.

The tunnel excavation is controlled according to “excavation
support schemes” (Ausbaufestlegung), taking into consideration
the actually encountered geotechnical conditions. The support
elements are exactly prescribed within the framework of indivi-
dual classes, depending on the current situation.

The excavation support schemes are determined by the con-
struction supervisor (the engineer responsible for the excavation,
the NATM engineer) after they are agreed by the geologist and
the geotechnician.

The following scope of the support classes was expected for
the DG tunnels: 1/N 19%, 2/N 21%, 3/N 42%, 4/N 15%, and 5/N
and 6/N classes for the rest.

The top heading was excavated in an advance ranging from 60
to 130m, depending on geotechnical conditions, whilst the
design allowed for the range of 8 to 130m, depending on the
excavation support class.

The invert is designed and carried out at all excavation support
classes. “Flat” bottom 1.8m deep in relation to the top of rail is
designed for excavation support classes 1/N through to 3/N;



26. rocnik - €. 3/2017

Tuel

4.2 Jizni portal

Jizni portdl tunelu DG vychdzi v udoli
Granitztal v prostoru stdvajici komunikace. Na
portdl nédsledné navazuje presypany tunel
Granitztal.

Portdl je navrZen ve svahované jame se sklo-

s ¥z s ¥z

nem v horni ¢4sti 1:1 a ve spodni ¢ésti 4:1 (béhem
hloubeni byla po dohod¢ spodni ¢ést realizovana
prakticky svisle). Svahy jsou navic zajiStény
systtmovym kotvenim (IBO) s délkami kotev
4 a 8 m. Ve spodni ¢dsti jsou umistény tfi fady
lanovych kotev délek 38,32 a 26 m s délkou kore-
ne 8 m vrtané ve sklonu 25°, dimenzované na

1200 kN (obr. 8).

4.3 Razené tunely

Obr. 7 Pohled na severni portdlovou sténu tunelu Deutsch Grutschen, 05/2017

Fig. 7 A view of the northern portal wall of the Deutsch Grutschen tunnels, 05/2017

Tunely byly razeny podle zdsad NRTM s hori-
zontdlnim ¢lenénim vyrubu na kalotu, opéfi
a dno. Tridy vyrubu (zde oznafované jako ,,Systemverhalten)
jsou pro celou stavbu rozdéleny podle geologickych celka, pro
tunely DG jsou navrzeny tfidy ,,Neogen 1 az 6“. Tunely LB
maji tfidy ,,Neogen (N) a Permomesozoikum (PM)*.

Jednotlivé tfidy jsou navrZeny ve varianté minimalni a maxi-
malni, ¢imZ je definovdn rozsah prvku vystroje v ramci tiidy.

Podle skute¢né zastizenych geotechnickych podminek se
pak razby fidi ,,schématy vystrojeni* (Ausbaufestlegung). Zde
jsou v rdamci jednotlivych tfid presné stanoveny vystrojovaci
prvky podle aktudlni situace.

Schémata vystrojeni jsou stanovena stavebnim dozorem
(inZenyrem odpovédnym za razby — NRTM inZenyr), po doho-
dé s geologem a geotechnikem.

Pro tunely DG byl predpoklddén rozsah tfid SVT 1/N 19%,
2/N 21%, 3/N 42%, 4/N 15%, zbytek 5/N a 6/N.

Kalota byla razena s predstihem podle geotechnickych pod-
minek v intervalu od 60 do 130 m. Pfi¢emz projekt umoZznoval
rozsah podle tfidy vyrubu 8 az 130 m.

Ve vsech tfiddch vyrubu je navrZzena a realizovdna protik-
lenba. Pro tfidy SVT 1/N az 3/N ,,ploché*“ dno s hloubkou
1,8 m vuci temeni kolejnice, pro vys3i tfidy pak ,,hluboké* dno
s hloubkou 2,3 m vudi temeni kolejnice.

Propojky byly vzdy zahdjeny z v predstihu raZeného tunelu
a ndsledné prorazeny z druhého tunelu, pri¢emz prordzka pro-
bihala vyhradné zhruba uprostied pilitfe mezi tunely.
Nasledovalo uzavieni dna propojek a napojeni na tunely.

4.3.1 Razby

Razby byly zahdjeny ze severniho portdlu. Oproti vétsiné
staveb byla nejleh¢i tfida vyrubu (SVT 1/N) pouZita v oblasti
portalu (obr. 9), coz bylo umoZznéno pevnou bazaltovou sté-
nou.

Zakladnimi charakteristikami tfidy SVT 1/N byl postup
2,2 m, dratkobeton, lokdlni kotveni. Razba v této tridé vSak
probihala pouhych 5 m.

Se zménou litologie doSlo k prechodu na tfidu vystrojeni
SVT 2/N a oproti predpokladim probéhl zbytek raZeb (tedy
vice nez 99 %) v této tridé (obr. 10 a 11).

Z pri¢nych fezu je evidentni, Ze v rdmci jedné vystrojovaci
tfidy byla ponechdna vyraznd variabilita v moZnosti vyuZit{
jednotlivych vystrojovacich prvka. Pomérné neobvykld je
zejména moznost pouZiti jedné nebo dvou vrstev sité.
Neménnd zustala pouze délka zabéru 1,7 m v kaloté, respekti-
ve 3,4 m v opéfi a dné.

“deep” bottom with the depth of 2.3m in relation to the top of rail
is designed for the higher classes.

The excavation of cross passages always started in advance of
the mined tunnel excavation and subsequently the passages were
broken through from the second tunnel. The breakthrough was
carried out exclusively approximately in the middle of the rock
pillar between the tunnel tubes. The closing of the cross passage
bottom and connecting it to the tunnel tubes followed.

4.3.1 Tunnel excavation.

The tunnel excavation started from the northern portal. In con-
trast to the majority of construction sites, the easiest excavation
support class (1/N) was used in the portal area (see Fig. 9). It was
possible owing to the firm basalt wall.

The basic characteristics of the excavation support class 1/N
comprised the advance round length of 2.2m, steel fibre reinfor-
ced concrete and local anchoring. The excavation in this class
continued only for 5m.

With a change in the lithology, the excavation support class
was changed to class 2/N and, in contrast with the assumptions,
the remaining excavation (over 99%) was carried out in this class
(see Figures 10 and 11).

It is evident from cross-sections that significant variability in
the possibility of using individual excavation support elements
was left within the framework of one support class. Relatively
unusual is mainly the possibility of using either one or two lay-
ers of welded mesh. Only the advance round length of 1.7m in
the top heading and 3.4m in the bench and the bottom remained
invariable.

The average excavation rate of 6 rounds (10.2m) per 24 hours
was reached in the top heading with this excavation support.

A short counter-heading of the DG2 tunnel started from the
southern portal and was also categorised as class 2/N. Only the
tunnel top heading was additionally protected by a 15m long tube
canopy.

The other support classes, the use of which was planned for the
locations of shear zones, were no more designed with such the
significant variability. From class 2/N on they differed mainly by
greater thickness of shotcrete, the application of welded mesh
AQ 60 (6/100x6/100), greater number and length of rock bolts,
the division of the excavation face into more excavation sequen-
ces, reduced length of the excavation round and the distance bet-
ween the top heading excavation and the already closed profile.
A common character of all classes is the omission of the top hea-
ding crown anchoring system (radial).

The application of 100mm welded mesh size can be assessed as
trouble-free from the aspect of the risk of low quality of spraying
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the concrete through the mesh. These types of
mesh with a small diameter of wire can be con-
sidered both from the aspect of handling and the
quality of the sprayed lining as an alternative to
the 150mm meshes. It means that the origination
of shadows in sprayed concrete is crucially influ-
enced not only by the size of meshes, but also by
the diameter of the wires.

The DGI1 tunnel was broken directly through
the portal wall, which the holes for the canopy
tube support were drilled from.

4.4 Casting of final lining concrete

Casting of final lining concrete is currently

Obr. 8 Pohled na jiZni portdlovou sténu tunelu DG
Fig. 8 A view of the southern portal wall of the DG tunnels

S timto zaji$ténim bylo v kaloté pramérné dosahovéno Sest
zabéra za 24 h, tedy 10,2 m.

Ve tfidé SVT 2/N byla zahdjena i kratkd protirazba tunelu
DG?2 z jizniho portdlu. Pouze pristropi tunelu bylo dodate¢né
chranéno mikropilotovym destnikem délky 15 m.

Ostatni vystrojovaci tfidy, jejichz vyuziti bylo pldnovéno
v mistech poruchovych z6n, jiZ nebyly navrZeny s tak vyraznou
variabilitou. Od tfidy SVT 2/N byly odli$né zejména vetsi
tlouStkou stfikaného betonu, pouzitim siti AQ 60 (6/100x6/100),
vEtSim poctem a délkou svorniki, rozdélenim Eelby na vice dil-
&ich vyrubu, zkrdcenim zdbéru a odstupu kaloty od uzavieného
profilu. Spole¢nym znakem vSech tfid je pak vynechdni systé-
mového (radidlniho) kotvent stropu kaloty.

Pouziti siti s oky 100 mm Ize z hlediska rizika nekvalitniho
prostiikani siti betonem hodnotit jako bezproblémové. Tyto
typy siti s malym pramérem drétu Ize uvaZovat jak z hlediska
manipulace, tak i kvality ndstfiku osténi jako alternativu
k sitim s oky 150 mm. Na vznik ,,stind“ ve stiikaném betonu
md tedy mimo velikosti oka zdsadni vliv i primér drétu.

Tunel DG1 byl prorazen pfimo do portdlové stény, z niz byl
rovnéZz navrtdn mikropilotovy destnik.

4.4 Betonaze definitivniho osténi

V soucasné dobé probihaji betondze definitivniho osténi.
Celkem 12,5 m dlouhé bloky jsou s vyjimkou propojek reali-
zovany jako nevyztuZené s tloustkou 30 cm. V soucasné dobé
jeste probihaji zkousky pouziti dratkobetonu pro bloky s napo-
jenim na propojky. V prfipad€ pozitivniho vysledku pak bude

underway. The 12.5m long casting blocks are,
with the exception of blocks at cross passages,
realised as 30mm thick non-reinforced structu-
res. At the moment, testing of the use of steel
fibre reinforcement for blocks containing the connections to
cross passages is underway. In the case of a positive result, the
classical reinforcement of these blocks will be abandoned. No
safety recess are realised throughout the tunnel route length.

In contrast to the custom existing in the Czech and Slovak
Republics, concrete is cast in an alternating pattern (see Fig. 12).
This system originated on the basis of project owner’s require-
ment. The reason is the effort to restrict the pressure action of
a freshly stripped block on the previously realised block. This
system eliminated the development of cracks.

A novelty lies in the introduction of a new system of cleaning
the drainage, the so-called MDB-System (Modulares Draina-
gespuelsystem Bahn). This new solution allows for cleaning dra-
ins without a necessity for significant restriction on the tunnel
operation. The solution is based on placing central manholes into
cross passages. It is then possible to clean respective sections of
drains without necessity for restricting the train traffic in the tun-
nel. This system is concurrently being developed and introduced
in the Semmering and Pummersdorf tunnels.

5. GRANITZTAL FALSE TUNNEL

Environmental reasons led to the selection of the variant of
covering the track section running along the Granitztal valley
with ground. This part will even contain the future ventilation
structure.

The process of overcoming the valley comprises several inter-
esting technical solutions, which are associated first of all with
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+ dno dratkobeton /
ds = 15 cm opéfi + dno opé + dno core and bottom

kotvy SN =3 m lokélné dle potfeby
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of top heading

24,40 24,40
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primérni osténi opéfi + dno drétkobeton ds = 15 cm
primary lining bench + bottom, SFRC ds = 15cm

Obr. 9 Trida vystrojeni SVT 1/N, pri¢ny a podélny rez
Fig. 9 Excavation support class 1/N, cross-section and longitudinal section
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TuHel

upusténo od klasické vyztuze
téchto bloku. V celé trase nejsou
realizovdny zdchranné vyklenky.
Oproti zvyklostem v CR/SR
probihd betondz vzdy ob jeden
blok (obr. 12). Tento systém vzni-
kl z pozadavku investora. Duvo-
dem je omezeni tlakového puso-

kotvyy SN1=4m

stfikany beton ds = 15 cm
ram 50/20/30 (dle potfeby)
sit AQ50 vnéjsi

top heading primary lining:

samozavrtné jehly (ocelové trubky), dle potfeby
I'=4m, Dyngisi > 51 mm, C/C = 30 cm
self-drilling spiles (steel tubes), as needed
L = 4m, Douter = 51mm, C/C = 30cm

SN anchors L = 4m
primarni osténi kallow:\L

beni Cerstvé odbednéného bloku shotcrete ds = 15cm 2
na jiz dfive realizovany blok, 50/20/30 frame (as needed) kalota
&imZ je eliminovén vznik trhlin. outer AQS0 mesh top heading
Novinkou je pak nasazeni nové- | docasny zasyp die potfeby stavby
h . Gisténi d v temporary backfill according to
o0 systému cisteéni drenazi, .tzv. construction needs
MDB-System (Modulares Draina- L
. primérni osténi opéfi + dno: +0,750
vgespuelsystelzl 'Bahr’l) g Toto nové stfikany beton ds = 15 cm SO +0.00
reSeni umozZnuje ciSténi drendzi | sit AQ50 vngjsi \ -
bez nutnosti vyrazného omezeni | Dench +bottom primary lining
Y shotcrete ds = 15cm Opéfi + dno

provozu v tunelu. Zakladem feSe-
ni je umisténi centrdlni Cistici
Sachty do tunelovych propojek.

outer mesh AQ50

bench + bottom

Z tohoto mista je pak mozZné Ciste-
ni pifslu§nych dseku drendZi bez
nutnosti omezeni provozu v tune-
lu. Tento systém je souCasné vyvijen a zavadén na tunelech
Semmering a Pummersdorf.

5. PRESYPANY TUNEL GRANITZTAL

Z ekologickych duvodu byla zvolena varianta presypéani
useku vedeného udolim Granitztal. V této Casti bude umistén
i budouci vzduchotechnicky objekt.

Prekonani ddoli zahrnuje nékolik zajimavych technickych
feSeni, kterd jsou spojena zejména s pritomnosti mocné vrstvy
jezernich sedimentu a nutnosti prekonat koryto potoka presy-
panym tunelem.

Na jizni portdl tuneli DG tak postupné navazovaly: prvni
Cast doCasné deponie plnici funkcei zatéZovaciho konsolidaéni-

Obr. 10 Trida vystrojeni SVT 2/N, pri¢ny rez minimdlni rozsah
Fig. 10 Excavation support class 2/N, cross-section, minimum scope

the presence of a thick layer of lacustrine sediments and the
necessity for crossing a brook bed by a false tunnel.

The southern portal of the DG tunnels was step by step follo-
wed by the first part of the current temporary stockpile fulfilling
the function of a loading-consolidation embankment, the second
part of the embankment, the SA1 structure (in substance a brid-
ge for tunnels) and the adjacent portal construction pit for the LB
tunnels (see Figures 13 and 14).

About 500,000m? of material were excavated during the exca-
vation of the portal construction pits. Part of them was used for
the creation of 20-30m high consolidation embankments. With
respect to unfavourable geomechanical parameters, mainly para-
meters of the lacustrine sediments, it was necessary mixing them
with gravel-sand forming the Granitztal Formation and carry out

subsequent lime stabilisation with

samozavrtné jehly (ocelové trubky)
I'=4m, Qungigi > 51 mm, c/c = 30 cm
pocet dle potfeby
self-drilling spiles (steel tubes)
L = 4m, Qouter > 51mm, c/c = 30cm
number as needed

¢elbové kotvy v kaloté lokainé dle potfeby
IBO | = 6 m s roznaSecim prvkem
anchors into top heading excavation

face, as needed IBO L = 6m with

a spreading element

primarni osténi kaloty: stfikany
beton ds = 20 cm

sit AQ50 vnéjsi, sit AQ50 vnitini

bezpe€nostni néstfik kaloty, lokalné dle potfeby
rém 50/20/30
top heading primary lining:

stfikany beton ds = 5-10 cm, sit AQ50
shotcrete outer AQ50 mesh,

top heading safety shotcrete
inner AQ50 mesh \

kalota

shotcrete ds = 5-10cm, AQ50 mesh
top heading
50/20/30 frame

docasny zasyp dle poteby stavby
temporary backfill according to construction needs

primarni osténi opéfi + dno:

stfikany beton ds = 20 cm +0,750

sit AQ50 vngjsi

sit AQS50 vnitini SOK +0.00
rdm 50/20/30 (kazdy 2. napojeny na kalotu) _—>

bench + bottom primary lining” shotcrete opéfi + dno

ds = 20cm, outer AQ50 mesh
inner AQ50 mesh 50/20/30 frame
(every other connected to top heading)

bench + bottom

ca 20kg/m?3 of lime. This measure
will subsequently contribute even
to the following trouble-free dispo-
sal of this material.

The construction of the SAl
structure, the “bridge for tunnels”
was carried out in a construction
pit stabilised by a sheet pile wall.
After removing approximately 4m
of sediments and replacing them
with aggregates, the concrete base
slab of the structure containing the
brook bed was gradually carried
out. Subsequently the concrete of
the side walls and the bridges the-
mselves was cast.

After the completion of casting
concrete, gravel was transported to
the brook bed, the walls of the
structure were clad in stone and the
brook flow was transferred to the
new bed (see Fig. 14).

The blocks of the false tunnel are

kotvy SN =4 m
SN anchors L = 4m

konec ramu opéfi
+dno ca. -0,80

end of frame bench
+ bottom -0.80

Obr. 11 TFida vystrojeni SVT 2/N, pri¢ny Fez maximdlni rozsah
Fig. 11 Excavation support class 2/N, cross-section, maximum scope

realised as 10m long and 60cm
thick reinforced concrete structures.
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Obr. 12 BetondZe definitivniho osténi
Fig. 12 Final lining concrete casting

ho nasypu, druhd ¢ast nasypu, objekt SA1 (v podstaté most pro
tunely) a ndsledné portdlovd jama tunelu LB (obr. 13, 14).

Béhen hloubeni portdlovych jam bylo vytéZeno zhruba
500 000 m? materidlu, ¢dst pak byla vyuZita k vytvofeni
20-30 m vysokych konsolidaénich ndsypu. Vzhledem k ne-
pfiznivym geomechanickym parametrim zejména jezernich
sedimentt bylo nutné jejich promichani se Stérkopisky gra-
nitztalského souvrstvi s ndslednou vdpennou stabilizaci zhru-
ba 20 kg/m3 vépna. Toto opatieni posléze pfispéje i k dal3i-
mu bezproblémovému uloZeni tohoto materidlu.

Vystavba objektu SA1, tedy ,,mostu pro tunely byla reali-
zovana ve stavebni jamé zaji§téné §tétovou sténou. Po odteze-
nf pfiblizn€ 4 m sedimentu a jejich nahrazeni kamenivem byla
postupné vybetonovéna zdkladova deska objektu s budoucim
korytem potoka. Ndsledné¢ byly betonovany bocni stény
a vlastni mosty.

Po dokonceni betonazi byl do budouciho koryta navezen
§térk, stény objektu byly obloZeny kamenem a do nového
koryta byl preveden potok (obr. 14).

Bloky presypaného tunelu jsou realizovany jako vyztuZené
o délce 10 m a tloustce 60 cm. BetondZ prvni ¢dsti navazujici
na tunel LB byla zahdjena po dokonceni podkladni desky na
jafe 2016. BetondZ byla provddéna pomoci dvou bednicich
vozu pro kazdy tunel a jednoho vnéjsiho bednéni (obr. 15).

Obr. 14 Objekt SA1, ,,most pro tunely*, 04/2017
Fig. 14 SAI structure, ,,bridge for tunnels*, 04/2017

Obr. 13 Udoli Granitztal, portdl tunelii DG jih, pfiprava betondze blokii
presypaného tunelu, tunely LB

Fig. 13 Granitztal valley, portal of the DG South tunnels, preparation of
casting the concrete blocks of the false tunnel, the LB tunnels

The concrete casting operations in the first part connecting to the
LB tunnel commenced after the completion of the base plate in
spring 2016. Concrete was cast using two tunnel form travellers
for each tunnel and one outer formwork (see Fig. 15).

The gradual covering of the tunnel with ground followed. The
construction of the next part connecting to the DG tunnels com-
menced in spring 2017, after removing the first part of the con-
solidation embankment.

6. GEOTECHNICAL MONITORING

The observation of the tunnel excavation was divided into
a geological part and a geotechnical part. The geotechnical moni-
toring primarily comprised convergence measurements. No other
monitoring equipment was installed in the DG tunnels.

The convergence measurement profiles consisted of seven
points (5 points in the top heading and 2 points in the bench). The
profiles were spaced at 15m intervals as a standard, but always
in a way securing that the zero measurement was carried out
immediately after the installation. For that reason the exact spa-
cing of the profiles was not considered crucial. The most impor-
tant was that the time of the zero measurement after the profile
installation was as short as possible. The spacing of the conver-
gence measurement profiles was reduced to 10 to Sm in the areas
of weakness zones and cross passages.

The frequency of the convergence measurements was once
a day up to the distance of 50m from the excavation face, once
in two days up to the distance of 100m and once in a week up to
the distance of 150m.

The measurements with the once-a-day frequency in an ade-
quate section of the DG1 tunnel were reinstated during the pas-
sage of the DG2 tunnel excavation carried out back at a prescri-
bed distance. The results of convergence measurements were
used as a basis for the calculation of the loads acting on the pri-
mary lining. At-grade structures, slopes and other structures were
measured by surveying (trigonometric survey, precision level-
ling).

Stresses in anchors were monitored on the southern portal wall
of the DG tunnels. The slopes, the pit for the SA1 structure and
the surroundings of high voltage columns were monitored apart
from surveying even by inclinometers. Noise measurements
were carried out in the vicinity of residential buildings.
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Nésledné bylo zahdjeno postupné zasypavani tohoto useku.
Vystavba dal§i ¢asti navazujici na tunely DG byla zahdjena na jare
2017 po odteZeni prvni ¢asti konsolida¢niho ndsypu.

6. GEOTECHNICKY MONITORING

Sledovani razeb bylo rozdéleno na geologickou a geotechnickou ¢ast.
Geotechnicky monitoring sestdval primané z konvergennich méfeni.
V tunelech DG nebyla umisténa Zadna dal$i monitorovaci zarizeni.

Konvergen¢ni profily byly osazeny jako sedmibodové (pét bodl
kalota, dva opéfi). Vzddlenost profili byla standardné 15 m, ale
vzdy tak, aby bylo zajisténo nulté meteni bezprostfedné po osazeni.
Nebyla proto primdrni presnd vzddlenost mezi profily, ale pfesny
a co nejkratsi ¢as nultého méreni od osazeni profilu. V oblasti poru-
chovych z6n a propojek byla vzddlenost konvergencnich profila sni-
Zenana 10 aZ 5 m.

Frekvence méfeni konvergencnich profild byla do vzddlenosti od
Celby 50 m denné, pii vzddlenosti od Celby do 100 m 1x za 2 dny a do
vzdalenosti 150 m 1x tydné.

RovnéZ pii pruchodu razby tunelu DG2 raZeného s odstupem byla
obnovena méreni v tunelu DG1 v pfislusném tdseku s denni frekvenci.
Vysledky konvergenénich méfeni slouzily jako podklad pro vypocet
zatizeni primdrniho osténi. Povrchové objekty, svahy a dalsi konstruk-
ce byly méreny geodeticky (trigonometrickd méfenti, presnd nivelace).

Na jiZni portdlové sténé tuneli DG bylo sledovdno napéti na
kotvéch. Svahy, jdma objektu SA1 a okoli patek sloupd VN byly
kromé geotechnického méfeni monitorovany i inklinometry. V bliz-
kosti obytnych budov probihala méreni hluku.

Geologické sledovani Celeb probihalo v rezimu kazdodenni doku-
mentace prislusné Celby. Nebyla tedy nutnd dokumentace kazdé Celby.
Dokumentace byla zpracovavana (digitalizovana) v programu TUGIS
(obr. 16).

Popis eleb byl zaloZen na popisu litologie, charakteru a parametrt
diskontinuit, pevnostnich parametri horniny, chovani otevieného vyru-
bu a vlastni horniny, dokumentaci pfitoka vody a fotodokumentaci.
Rovnéz byly odebirdany vzorky hornin a vody pro laboratorni zkousky
a rozbory. Pro popis hornin nebyla pouzivana zZadna geotechnicka klasi-
fikace horninového masivu. Spolu s dokumentaci razeb byly geologicky
sledovény i veSkeré svahy stavebnich jam a souvisejicich objektu.

Denné probihd tzv. ,,geotechnickd &tvrthodinka“, kde se probiraji
a okomentovavaji denni vysledky méreni, dokumentaci a ostatni zéle-
Zitosti stavby. V pripadé potieby pak dochdzi k dpravdm schémat
vystrojeni, eventudlné k dal$im opatfenim.

Mgsi¢né pak probihaji geotechnickd jednéni v $ir$im obsazeni za
Ucasti investora, projektanta, eventudlné dalSich osob. Zde jsou
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Obr. 15 Betond? bloku presypaného tunelu
Fig. 15 Casting of concrete blocks of the false tunnel

The geological surveying of the headings proceeded in the regime of
the daily documentation of the respective heading. The documentation
of each heading was therefore unnecessary. The documentation was
processed (digitised) using the TUGIS program (see Fig. 16).

The description of headings was based on the description of the lit-
hology, the character and parameters of discontinuities, strength-related
parameters of ground, the behaviour of the open excavation and the
ground itself, documentation of water inflows and photo documentati-
on. In addition, specimens of ground and water were taken for labora-
tory testing and analyses. No classification was used for the description
of ground. Even all slopes of construction pits and associated structures
were geologically observed together with documenting the headings.

The so-called “Geotechnical quarter-hour”, where daily results of
measurements, documentations and other construction matters were
discussed and commented, took place every day. If necessary, the exca-
vation support schemes were modified or other measures were agreed.

Geotechnical meetings with wider attendance, in the presence of the
project owner, designer or other persons, take place monthly. Results
of the measurements, the documentation, the courses of the headings
etc. are presented at the meetings in context. An example of an obvi-
ous increase in deformations during the passage across one of the shear
zones is presented in Fig. 17.

Two shear zones were predicted for the DG tunnels route. They were
confirmed by the subsequent excavation. Nevertheless, the impact of
the faults on the tunnel excavation was not as serious as expected. The
main manifestation lied in the increased disturbance of the massif asso-

ciated with an increase in the frequency of

faults and slickensides.

The relatively homogeneous conditions
for the tunnel excavation manifested the-
mselves even in the magnitude of deforma-
tions, where the maximum values of vertical
and horizontal deformations in substance
did not exceed 10mm.

Increased deformations occurred only in
the shear zones, where the maximums fluc-
tuated about 50mm.

7. CONCLUSION

The intention of this paper was to give an
idea of the Tunnelkette Granitztal project
expetially on DG Tunnel. The attitude

Obr. 16 Ukdzka geologické dokumentace v prostredi programu TUGIS

Fig. 16 Exhibit of geological documentation in the environment of the TUGIS program

towards adopting changes and responding
to arisen problems is the most noticeable




v souvislostech prezentovany vysledky méfeni, dokumentace, prubé-
hy raZeb atd. Jako napriklad na obr. 17, kde je zfetelny ndrust defor-
maci pfi prachodu jednou z poruchovych zén.

V trase tunelt DG byla prizkumem piedpoviddna dv€ poruchové
pésma, kterd byla ndslednou razbou potvrzena. Dopad téchto poruch
na razbu vSak nebyl tak velky, jak se ofekdvalo. Hlavnim projevem
bylo zvySené poruseni masivu spojené s narastem poctu tektonickych,
vyhlazenych poruch.

Relativné homogenni podminky pro razbu se projevily i na velikos-
ti deformaci, kdy maximadlni hodnoty vertikdlnich i pri¢nych deforma-
ci v podstaté nepresahly 10 mm.

Pouze v poruchovych pasmech doslo k ndrustim, pfi¢emZ maxima
se pohybovala okolo 50 mm.

7. ZAVER

Zamérem Clanku bylo podat predstavu o stavbé Tunnelkette
Granitztal, se zaméfenim na tunel Deutsch Grutschen. Z hlediska
porovnéni se stavbami v CR/SR je nejvyraznéjsi rozdil v piistupu
k pfijimani zmeén a reakce na vzniklé problémy.

Reseni ,,bé&Znych* problémii souvisejicich s razbami (nestabilita
Celby, nérust deformaci, zména systému rozpojovani, atd.) je poneché-
no zcela v kompetenci tymu pritomného na stavbé. Opatreni jsou pri-
jimdna bezprostiedné a jsou pIné akceptovana zhotovitelem.

Zmény schémat vystrojeni na jedné stran¢ vzdy dodrzovaly veskeré
bezpecnostni zdsady, soucasné byl vSak kladen maximalni duraz na
ekonomiku.

Ke zméné vystrojeni tak u tunelt délky 2600 m doglo zhruba 30 krat
v kazdém tubusu. A i v tomto piipadé byly vZdy veskeré zmény doda-
vatelem presné dodrZovany.

Evidentn{ je také rozdil v durazu na rychlé zaméfeni konvergenc-
nich profili a dodrzovéni pokud moZno stejného Casu od osazeni
bodu do jejich nultého méfeni. RovnéZ vzdalenost konvergennich
profilu je vyrazné mensi, toto feSeni poskytuje nejen podrobné;jsi
prehled o vyvoji deformaci, ale umoZnuje i mnohem rychleji reago-
vat na pripadné zmeny.

Z hlediska dodavatele pak je ziejmé dokonalé zvladnuti sledu praci
v cyklu, kdy bylo béZné dosahovéno Sesti i sedmi postupt za den.

Vzhledem k stile ¢astéjsim informacim o zdméru zahdjeni praci
na vysokorychlostnich tratich v CR, které budou nutné napojeny na
stavajici a budované drahy v sousednich zemich, je nutné sledovat
V{voj, zpusob vystavby a problémy spojené s vystavbou jak jiZ pro-
vozovanych, tak v soucasnosti budovanych vysokorychlostnich trat{
v zahranici.

PrestoZe kazda tunelova stavba je ve své podstaté origindl, najde se
fada staveb, které se nékterym pldnovanym stavbam na tizemi CR veli-
ce podobaji. V takovych pripadech by bylo velmi Zddouci se z téchto

------ VvV v

staveb poucit a nehledat jind, mnohdy sloZitéj$i a nakladnéjsi reSeni.
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Obr. 17 Ukdzka spolecné ,,Geo* prezentace, geologie a geotechnika, pribéh
konvergenci v zdvislosti na zhorseni geologickych podminek

Fig. 17 Exhibit of common “Geo” presentation, geology and geotechnics, his-
tory of convergences depending on the deterioration of geological conditions

from the aspect of the comparison with construction projects in the
Czech and Slovak Republics.

The task to solve “common” problems associated with the tunnel
excavation (instability of excavation face, increase in deformations,
changing the system of disintegration, etc.) is completely left in the
competency of the team present on site. Measures are adopted imme-
diately and are fully accepted by the contractor.

Changes in the excavation support schemes always adhered to all safety
principles, but at the same time, the maximum stress was put on economy.

In this system the excavation support in the 2600m long tunnels was
changed approximately 30 times in each tunnel tube. All changes were
exactly implemented and adhered to by the contractor even in these cases.

The difference in the stress put on quick surveying of convergence
measurement profiles and adhering to the principle of equal time bet-
ween the installation of the measurement points and zero measure-
ments carried out on them is also evident. The spacing of the conver-
gence profiles is also significantly smaller. This solution provides not
only more detailed knowledge of the development of deformations, but
it also allows for responding to contingent changes.

From contractor’s point of view, the perfect mastering of the work
operations in the excavation cycle is obvious. The excavation rate of
six to seven excavation rounds per day was a commonplace.

With respect to the ever more frequent information about the inten-
tion to commence the work on high-speed railway tracks in the Czech
Republic, which will be necessarily connected to the lines existing in
neighbouring countries, it is necessary to follow the development, the
way of construction and problems associated with the development of
both the already operating high-speed railway tracks and the tracks
currently underway.

Despite the fact that each tunnel construction is in its substance ori-
ginal, several projects very similar to some planned construction pro-
jects in the Czech Republic will exist. In such cases it would be very
recommendable to learn lessons from those projects and not to search
for other, often more complicated and more expensive solutions.
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