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RAZBA TBM TUNELU VODNI ELEKTRARNY V GRUZII S CESKOU UCASTI
TBM DRIVING OF A TUNNEL FOR HYDROPOWER PLANT IN GEORGIA
WITH CZECH PARTICIPATION

PETR JAKES, LEOS VALIGURSKY, MARCEL RUCKL, SIMONA POHORILJAK

ABSTRAKT

SKODA PRAHA a.s. v tésné spoluprdci se spolecnosti SAMSON PRAHA, spol. s r.o., se v roli technického dozoru na strané investora
a geotechnického dohledu podili na vystavbé vodni elektrdrny o vykonu 53 MW na rece Mtkvari o spddu 100 m. Vystavba je provddéna
v horském prostredi v nadmorské vysce 1016 m n. m. pobliZ okresniho mésta Akhaltsikhe, které je centrem regionu Samcche-DZavachetie
v Gruzii. Jednd se o elektrdrnu pokryvajici odberové Spicky, s vodni nddrZi, tlakovym privadécem se dvéma soustrojimi, kde md kazdé

soustroji vertikdlni Francisovu turbinu a generdtor.

ABSTRACT

SKODA PRAHA Jjoint-stock company, in close collaboration with SAMSON PRAHA, Inc., participates in the role of the Project Engineer for the
project owner and geotechnical supervisor in the construction of a 53MW hydropower plant on the Mtkvari river with the fall of 100m. The pro-
Ject is being implemented in a mountainous environment at the altitude of 1016m a.s 1., near the district town of Akhaltsikhe, which is the centre
of the Samcche-DZavachetie region in Georgia. The hydropower plant covers peaks in power consumption. It comprises a water reservoir, a high-
pressure water supply tunnel with two power generating sets, where each set has got a vertical Francis turbine and a generator.

POPIS PROJEKTU

Pro situovéni elektrarny, tj. prehradni nddrZe (prehrady
a zdtopové oblasti) a umisténi strojovny, byl vyuZit prirozeny
oblouk toku feky Mtkvari, obtékajici a prordzejici horsky hrbet
(obr. 1, 2, 3). Tlakovy privadeé¢ (tunel) ma projektovanou

iy
rzanzenr stavemste
By site arrangement
g M et
eleklrarna power pla

planovana stola
planned gaIIery

LAY rovnavaci komora : e
| sﬂrge chamber podchozr stola
5 PP, 5 underpassrng gallery |

llakévy tunel hrgh pressure
water supply tunnel

ot e Il
podchozr Stola
junderpassrng gallery

& docasna Stola
-:"""temporary gallery

et

b hIadrna10150mn m.
{lye \vater surface level 1015.0m a.s.l.

N.L i Yok - s

Obr. 1 Situace zdjmové oblasti s umisténim tunelu
Fig. 1 Map of the area of interest with the tunnel location marked in it

PROJECT DESCRIPTION

A natural bend of the Ntkvari river, flowing around and bre-
aking through a mountain ridge (see Figures 1, 2, 3), was used
for the location of the power plant, i.e. the dam reservoir (the
dam and the flood-prone area) and the turbine house. The
design length of the high-pressure water supply tunnel (inter-
nal diameter of 5.26m) amounts to 9.6km. The total height of
the surge chamber preventing water hammering is 84m. It con-
sists of a Sm-diameter and 46m deep shaft with a 20m-diame-
ter and 38m deep circular chamber located above it. An inde-
pendent 3m-diameter penstock leads from the tunnel to each
turbine. The dam is designed as an earthfill structure with clay
seal and a 12m-wide spillway at the upper part of the reservo-
ir. The height of the dam measured from the dam base amounts
to 27m. The crest of the dam is located at the altitude of 1016m
a.s.l. The reservoir is 2.5km long and the total volume amounts
to 6.13 million m3. The external substation is placed next to
the river. The 220kV power line is 2.7km long.

Dam structure

The dam is designed as an earthfill dam structure. The desig-
ner preferred the construction of a 675m long dam crossing
twice the bed of the river Mtkvari. This solution was probably
adopted because of the necessity for diverting an interstate
road, which is led along the crown of the dam with respect to
unfavourable morphologic conditions. The higher wing of the
dam is designed as a filtration structure, i.e. a leaking structu-
re; its main function is to be a load-bearing structure carrying
the road. The downstream lower dam is designed as an earth-
stone fill structure with internal clay sealing.

The material of the stabilisation parts of the dam body con-
sists of loose rock with the 10—500mm fraction of grain-size,
sandy coarse-grained gravel and boulders up to 400mm in dia-
meter. The central clay-based sealing core formed by clayey
loam, which is the product of weathering of local argillite
excavated from a landslide above the body of the higher dam
and from the flood-prone area. Sand fraction is deficient in the
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Obr. 2 Vys$$i kridlo sypané prehradni hrdze
Fig. 2 The higher wing of the earthfill dam

délku 9,6 km s vnitinim prumérem 5,26 metru. Vyrovnavaci
komora proti vodnimu rdzu md celkovou vysku 84 m. Sestava
ze Sachty pruméru 5 m, hloubky 46 m a nad ni situované kru-
hové komory o pruméru 20 m, hloubky 38 m. Z tunelu vede
pro kazdou turbinu samostatny ptivadé¢ o priméru 3 m. Hrédz
je sypanad s jilovym tésnénim a s prelivem horni ¢asti nadrze
Sirokym 12 m. Vyska prehrady od paty hrédze je 27 m. Koruna
hraze je umisténa v 1016 m n. m. Rezervoar ma délku 2,5 km
a celkovy objem &inf 6,13 mil. m3. Venkovni rozvodna je
umisténa vedle feky. Vedeni 220 kV je dlouhé 2,7 km.
Piehradni hraz

Téleso prehrady je navrzeno jako sypand zemni hréaz.
Projektant uprednostnil vystavbu 675 m dlouhé hraze, preti-
najici koryto feky Mtkvari hned dvakrat. K tomuto feSeni se
pravdépodobné pristoupilo z davodu nutnosti prevedeni mezi-
statni komunikace, kterd je, vzhledem k nepfiznivym morfo-
logickym pomérum, vedena po temeni hraze. Vy$si kiidlo
hrdze je filtracni, tj. netésnéné, a jeho hlavni funkei je nosnd
konstrukce silnice. Po proudu niz§i hraz je navrzena jako
zemito-kamenitd sypand, s vnitrnim jilovym tésnénim.

Materidlem stabilizaCnich partii télesa hrdze je skalni sypa-
nina ve frakci 10500 mm, pis¢ity hrubozrnny $térk a valou-
ny do frakce 400 mm. Jilové tésnici jadro je stfedové, tvorené
jilovitou hlinou — zvétralinou mistnich argilitt, téZenou ze
sesuvu nad télesem vysSi hrdze a ze zdtopové oblasti. Piskova
frakce je v mistnich pomérech deficitni, pro¢eZ je ziskdvana
drcenim $térku. Ten se v dostateéném mnozstvi nachdzi v alu-
vidlnich sedimentech recentnich i starSich, situovanych na
temeni ostrohu meandru. Ze stejného materidlu se produkuje
i Stérkova drt frakce 0-70 mm, kterd je pouzivana jako druhd
prechodovd mezivrstva mezi jadrem hrdze a stabilizacnimi
partiemi.

Zemniky pro ziskani suroviny pro stavbu hraze byly vyhle-
dany v bezprostfednim okoli stavby. Problematickym fakto-
rem jsou v dané oblasti seismika a predev§im sesuvné proce-
sy. Celd fada sesuvi se nachdzi nad brehy zdtopové oblasti ¢i
dokonce v bezprostiedni blizkosti vy$siho kriidla hréze,
a proto budou vyzadovat stabilizacni opatreni. Byly zjiSteény
i sesuvy, které jsou v soucasnosti aktivni. Po naplnéni nadrze
se ofekdvd dalsi vyznamnd aktivace sesuvu s oZivenim pohy-
bu nestabilnich svahi. Zna¢nd seismickd aktivita oblasti je
dokumentovdna historickymi zdznamy.

Vyznamnou soucdsti vystavby hraze je zrizeni té€snici clony
v podlozi hraze. U té se, vzhledem k redlnym podminkdm, uva-
Zuje o zméné konstrukéntho pojeti od projektem doporu¢ované
klasické tlakové injektdZze k jilocementové podzemni sténé

Obr. 3 Nizsi, tesnéné kridlo prehrady
Fig. 3 The lower, sealed wing of the dam

local conditions. It is therefore obtained by crushing gravel.
Gravel is found in a sufficient amount in recent and older allu-
vial sediments located at the top of the promontory in the
meander. Crushed gravel fraction 0—70mm, which is used as
the second intermediate transition layer between the dam core
and the stabilisation parts, is produced from the same material.

Borrow pits required for obtaining material for the construc-
tion of the dam were sought in the immediate surroundings of
the construction site. The problematic factor in the particular
area comprises the seismic and, first of all, land sliding pro-
cesses. Many landslides exist above the banks of the flood-
prone area or even in the intermediate vicinity of the higher
wing of the dam. For that reason they will require stabilisation
measures. Even currently active landslides were detected.
Other significant activation of landslides with reactivation of
instable slopes is expected after the dam reservoir is filled with
water. The considerable seismic activity of the area is docu-
mented by historical records.

The construction of a sealing diaphragm in the dam base is
an important part of the dam construction. With respect to the
real conditions, a change in the structural concept of the diap-
hragm is under consideration. The classical pressure injection
of grout recommended by the design would be changed to
a 1500mm thick clay-cement diaphragm wall. Even jet grou-
ting has been taken into account, but this idea will probably be
abandoned with respect to the prevailing presence of boulders
with the sizes reaching up to 40cm.

Development of the tunnel excavation method

The original design assumed the tunnel realisation carried
out using a conventional method with a standard set of mecha-
nical equipment. This method was applied to the excavation of
the initial ca 300m length of the tunnel. But the excavation
advance rate was too low with respect to the required deadline
for the completion (2 years after the excavation commence-
ment). For that reason the project owner decided to have the
original design reworked and use the offer made by the com-
pany of Herrenknecht to supply a refurbished tunnel boring
machine — a double shield hard rock TBM.

GEOLOGY

The tunnel is being driven through folded rock of the
Eocene-age volcano-sedimentary complex. The area of the
Lesser Caucasus, the Samcche-DzZavachetie region, in which
the area of interest is located, is just characterised by the pre-
valence or nearly exclusive occurrence of such rock types. The
rock was folded in an Alpine-type process in the Pyrenees



tloustky 1500 mm. Zvazovéna byla i tryskova injektaz, od které
bude zifejmé upusténo, vzhledem k hojnému az prevazujicimu
zastoupen{ valount o velikosti dosahujici az 40 cm.
Vyvoj zpisobu provadéni tunelu

Puvodni projekt predpoklddal realizaci tunelu konvenénim
zpusobem s pomoci standardni strojni sestavy. Timto zpuso-
bem bylo také vyraZeno prvnich cca 300 m tunelu. Postup
razicich praci v8ak byl prili§ pomaly vzhledem k pozadované-
mu terminu dokonceni za dva roky od zahdjeni razeb. Proto se
investor rozhodl tento puvodni ndvrh prepracovat a vyuZit
nabidky spole¢nosti Herrenknecht na dodavku repasovaného
tunelovaciho stroje TBM double shield hard rock.

GEOLOGIE

Tunel se razi zvrasnénymi horninami vulkanosedimentérni-
ho komplexu eocenniho stari. Oblast Malého Kavkazu — regi-
on Samcche-Dzavachetie, ve kterém se zdjmové tzemi roz-
prostird, se vyznacuje prave prevladanim ¢i az témér vyhrad-
nim vyskytem takovychto hornin. Horniny byly zvrdsnény
alpinotypné v pyrenejské fdzi alpinské orogeneze. Vul-
kanismus vrdsnéni Cdste¢né predchdzel jako inicidlni, Cdstec-
né probihal jako synorogenni. Chemismus vulkanismu je ves-
més andeziticky. Horniny jiné neZ vulkanické ¢i vulkanosedi-
mentarni geneze se v oblasti prakticky nenachdzeji.
Sedimentace se déli v nejhrubéjsim pohledu na dvé déle
popsané faze.

Na bordZomském spodnoeocennim flySovém komplexu
(v zajmovém tuzemi nevychazejicim) spociva stfednéeocenni
komplex tvofeny prevazné vulkanickymi, masivnimi a tlusteé
vrstevnatymi tufitickymi aglomeraty/vulkanickymi brekcie-
mi, tufy i andezitovymi ldvovymi prikrovy s propléstky (tufi-
tickych) piskovca a prachovcu, tedy pravdépodobné popelo-
vych a piskovych tufu, moZnd ale do zna¢né miry geneticky
spise tufitd. Andezity tvori piikrovy s ndznaky hrubé sloupo-
vité odlu¢nosti, mistné maji charakter subakvatickych vyleva
— polstarovych lav.

Svrchni eocén je reprezentovan prevazné prachovci s pro-
pléastky piskovcu a tufa. Zdrojem jejich materidlu jsou nepo-
chybné opét bud pfimo sope¢né popely, nebo zvétraliny viech
druhu vulkanickych hornin. Hornindm tohoto sedimentarniho
komplexu patrné odpovidaji ve valné vétSiné tzv. argility
(ruskéd/sovétskd terminologie), ve kterych probihd razba
naprosto prevazujici délky tunelu. Ty lze popsat jako tmavé
Sedé, proménlivé zpevnéné homogenni, zietelné nebo skryté
laminované, vizudlné masivni jilovitoprachovité horniny —
jilovité prachovce nebo prachovité jilovce, sedimentované
v obrovskych mocnostech. Vrstvy a laminy (prachovitéjsi ¢i
pisCit€jsi) jsou mocnosti od nékolika mm do nekolika m.
Nezridka jsou argility/prachovce vépnité — svétleji Sedé barvy.
Mivaji piscitejsi proplastky nebo dokonce proplastky ,,mast-
nych® tmavé Sedych jila. Ty pusobi vdzné geotechnické obti-
Ze, viz niZe.

Geneticky jsou argility pravdépodobné produktem sedimen-
tace zvétralin popelovych tufi nebo pfeplavenych zvétralin
ostatnich vulkanoklastik v jezernim/mofském prostredi. Z pru-
behu a rovnomérnosti vrstev je patrné, Ze jde o tercierni sedi-
mentaci, kterd probihala ve zna¢né rozlehlych a relativné klid-
nych vodnich prostredich, umoznujicich vznik velmi moc-
nych, rovnomérné vrstevnatych a laminovanych sedimentu.
Panve byly pravdépodobné oddéleny ,,0strovy” s mohutnou
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phase of the Alpine orogenesis. Volcanism partially preceded
the folding as the initial phenomenon, partially developing as
a synorogenic process. The chemistry of the volcanism is
mostly andesitic. We encounter virtually no other rock types
than volcanic or volcano-sedimentary genesis rock types in the
area. In the roughest terms, the sedimentation process is divi-
ded into two phases described below.

A Middle-Eocene complex lies on the Borjomi Lower-
Eocene flysh complex (not cropping in the area of interest).
The complex is formed mostly by volcanic, massive breccias
and heavy-bedded tuffitic agglomerates /volcanic breccias, tuff
and andesite lava overthrust sheets with (tuffitic) sandstone
and siltstone intercalations (probably ash and sandstone tuffs,
possibly genetically to a large extent rather tuffites. The ande-
sites create nappes with marks of roughly columnar jointing,
locally with the character of sub-aquatic effusion — pillow
lavas.

The Upper Eocene is represented mainly by siltstone with
sandstone and tuff intercalations. The source of this material
undoubtedly lies again directly in volcanic ash or in products
of weathering of all types of volcanic rock. The so-called argil-
lite (Russian/Soviet terminology), through which the majority
of the tunnel length is driven, probably corresponds in the vast
majority to rock types of this sedimentary complex. It can be
described as dark grey, variably solidified, homogeneous, with
visible or hidden lamination, visually massive clayey-silty
rock — clayey siltstone or silty claystone, sedimented in very
thick beds. The thickness of the layers and laminas (more silty
or more sandy) ranges from several centimetres to several met-
res. The argillite/siltstone is often calcareous — lighter grey
colour. The beds often contain more sandy intercalations or
even “greasy” dark grey clay intercalations. They cause seri-
ous geotechnical difficulties, see below.

Genetically, the argillite is probably a product of sedimenta-
tion of products of weathering of ash tuff or redeposited pro-
ducts of weathering of other volcaniclastic rock types in the
lacustrine/marine environment. It is obvious from the course
of the layers and their uniformity that it is the Tertiary sedi-
mentation, which continued in significantly large and relative-
ly still water environments allowing for the origination of very
thick, regularly bedded and laminated sediments. The basins
were probably separated by “isles” with massive subaerial vol-
canogene, mostly volcaniclastic sedimentation. But overall,
argillite rock types are visually homogeneous, forming very
massive series of strata.

These rock types are encountered along the tunnel route
(layers dipping ca 45° in the direction of the tunnel excavati-
on) at a many kilometre length. A certain role is played by tec-
tonic repetition of beds following from the folding or overt-
hrust tectonics.

The overall thickness of the Middle and Late Miocene is sta-
ted at 1100m. The fact that these sediments form nearly the
whole ten-kilometre length of the mined tunnel, where the dip
of layers about 45° prevails, gives evidence of the tectonic
repetition of the folding.

The Late Miocene up to the Medium Pliocene is represented
by dolerite and andesitic lava/intrusive bodies and their pyroc-
lastics. The generally mentioned thickness exceeds 300m.

There are tuffites, tuffs, tuffitic breccias /agglomerates of
andesitic volcanism with andesitic overthrust bodies — lavas
with quasi-columnar jointing there, locally with the character
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subaerickou vulkanogenni, prevazné vulkanoklastickou sedi-
mentaci. Souhrnné jsou ale argility horninami vizualné homo-
gennimi, tvoricimi velmi masivni souvrstvi.

V trase tunelu se tyto horniny vyskytuji (pri upadédni vrstev
cca 45° ve sméru razby) v mnohakilometrové délce. Jistou
roli hraje tektonické opakovani vrstevniho sledu, plynouci ze
zvrdsnéni, pripadné ndsunové tektoniky.

Uhrnnd mocnost stfedniho a svrchniho miocénu je uddvéna
1100 m. Skute¢nost, Ze tyto sedimenty tvori bezmadla celou,
témér desetikilometrovou délku razeného tunelu, pric¢emz pre-
vazuje sklon vrstev okolo 45°, vypovidd o tektonickém opa-
kovani vrasnéni.

Svrchni miocén aZ stiedni pliocén je reprezentovan dolerity
a andezitickymi ldvami/intruzivnimi télesy a jejich pyroklas-
tiky. Zminovand mocnost je pres 300 m. Jedna se o tufity,
tufy, tufitické brekcie/agomerdty andezitického vulkanismu
s andezitovymi prikrovovymi teélesy — ldvami s kvazisloupo-
vitou odlu¢nosti, misty s charakterem polstarovych lav, s Zil-
nymi proniky t€Siniti, mistné i vychozy/télesy andezitickych
porfyriti. Lokdlni jsou polohy rozsivkovych laminovanych
silicitd. V okoli Zil & podkladu lavovych vylevu se nalézaji
kontaktn{ rohovce vzniklé pravé vétSinou z argilitd.

Oligocén a spodni miocén je ve zdejsi oblasti pravdépodob-
né hidtem, vzhledem k tomu, Ze ve stratigrafickych tabulkdch
neni zminovan. Bylo by logické, Ze tufitické sedimenty vzni-
kaly pravé v obdobi nejsilnéjsi eroze, a mohou tudiz mit
z velké Cdsti prave toto starf.

V mnoha geologickych profilech bylo zaznamenano rychlé
stiidéan{ tufitu, popelovych (prachovitych) i pis¢itych, lokdlné
jemné laminovanych, pravdépodobné rozsivkovych, kfemi-
tych horizontd (limnokvarciti) bélavé, rizové a nahnédlé
barvy, chaotickych laharovych sedimentu a nejruznéjsich dis-
kordantnich prechodu do terigennich subaerickych pyroklas-
tik nebo i prikrovovych ldvovych vylevi. Vylevy jsou lokdl-
né subakvatické s charakterem polstarovych lav. V trase tune-
lu nicméné naprosto prevazuji ,,argility*.

Geotechnické viastnosti hornin

Pozndmka: Pro geotechnickou klasifikaci pevnosti hornin
byl pouZit standard doporuceny asociaci ISRM (1981), kde je
odlisnd Skdla trid (RO aZ R6) od tiid pevnosti pouZivanych
v CR.

Geotechnickymi vlastnostmi spadaji nejvice zastoupené
argility (jilovité prachovce, prachovité jilovce) pod poloskal-
ni horniny R2 az R3, lokédlné€ dokonce proloZené proplastkami
zajimavych tmavé Sedych ,mastnych® jiloveu tiidy R1, dost
mozna tektonicky/kinematicky pozménénych (anchimetamor-
fovanych). Tufitické piskovce jsou naopak horniny tfidy R4,
moznd i vy$si, prekvapivé pevné a houzevnaté, modravé Sedé
barvy. Specifikem argilitd je jejich rychlé zvétravani za pri-
stupu vzduchu, kdy se na odvalu rozpadaji béhem nékolika
dnu. To zpusobuje jisté nebezpeli v pripadé nedostatedné kva-
litné provedené vyplnové injektdZe za rubem segmentd.
Doprovodnym jevem vétréni argilitu je vznik sddrovce.

V argilitech je razba velmi snadnd a rychld. Vyrub tunelu je
pri véasné instalaci osténi a vyplnové injektdzi stabilni.
Deformace vyrubu jsou v téchto tsecich malé.

Vzhledem k jilovcovité povaze a tedy jisté plasti¢nosti
hornin jsou pukliny seviené a hornina vcelku pusobi jako
nepropustnd. K pritokum do tunelu skrze takovéto hornino-
vé prostredi prakticky nedochdzi. Je to zpusobeno také tim,
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of cushion lavas, with venous intrusions of teschenit, locally
even outcrops /bodies of andesitic porphyrites. Local layers of
kieselguhr laminated silicate occur locally. Contact hornfels
originating from argillites are encountered in the vicinity of
veins or of the basement of lava effusions.

The Oligocene and Early Miocene is probably a hiatus in the
local area with respect to the fact that it is not mentioned in
stratigraphic tables. It would be logical that tuffitic sediments
originated just during the period of strongest erosion, and for
that reason their age could be mostly derived from it.

Rapid alternation of tuffites, ash (silty) and sandy, locally
finely laminated, probably kieselguhr-type, quartzose horizons
(limnoquartzite), whitish, pink and brownish, chaotic lahar
sediments and various discordant transitions to terrigenous
subaerial pyroclastics or even overthrust lava effusions were
recorded in many geologic profiles. The effusions are locally
subaquatic with the character of cushion lavas. Nevertheless,
“argillites” totally prevail along the tunnel route.
Geotechnical properties of rock

Note: The geotechnical classification is American — ISRM
(1981) Rock Characterization Testing and Monitoring. Brown,
E., Ed., Pergamon Press, Oxford, 211 p.

By their geotechnical properties, the most represented argil-
lites (clayey siltstone, silty claystone) come under semi-rock
classes R2 up to R3, locally even containing intercalations for-
med by interesting dark-grey “greasy” claystone class R1,
quite possibly tectonically/kinematically altered (anchimeta-
morphosed). Just opposite, the tuffitic sandstone is classified
as R4, possibly even higher. It is surprisingly strong, resilient;
the colour is bluish grey. A specific property of argillite is the
rapid weathering in the presence of air, causing the disintegra-
tion on stockpiles during several days. It poses certain danger
in the case of insufficient quality of backgrouting (grouting
behind lining segments). The origination of gypsum is an
accompanying phenomenon of the weathering of argillites.

Driving tunnels through argillites is very easy and quick.
Tunnel excavation is stable when the lining and back grouting
is carried out timely. Excavation deformations in those secti-
ons are small.

With respect to the claystone-like nature, therefore certain
plasticity of rock, fissures are tight and the rock acts as imper-
meable mass. Inflows into the tunnel through such the rock
environment virtually do not occur. It is also caused by the
fact that surface weathering products of argillite are formed
by a mantle of low permeability clayey loams, which does not
allow for more significant infiltration of rain. Storm water is
mostly evacuated through erosion ravines (ovrags) i.e. in the
form of surface run off. However, even quartziferous parts or
parts indurated by firing on contact with volcanic bodies,
veins and intrusive beds exist. In these cases it is already rock
classified as R4, stronger and significantly brittle, often crus-
hed and saturated with water. In such the places water and
crushed rock breakouts into the tunnel and excavation instabi-
lity occurred.

On the contrary, “greasy” claystone intercalations with the
paraffin stickiness, giving the impression of steatite additions,
occurred during the tunnel excavation. Their strength is at the
limit of R1-RO soils. The plasticity of these parts has still cau-
sed serious problems for the excavation advance. The squee-
zing property of the intercalations causes significant plastic




7e povrchové zvétraliny argilitu tvori plast’ jilovitych hlin
s malou propustnosti nedovolujicich vyznamnéjsi infiltraci
srazek. Srdzky jsou vétSinou odvddény eroznimi strZzemi
(ovragy) povrchovym odtokem. Existuji ale i partie prokfe-
menélé nebo zpevnéné vypdlenim na kontaktu s vulkanicky-
mi telesy, Zilami a vrstevnimi intruzivnimi télesy. V téchto
pripadech se jiZ jednd o horninu tfidy R4, pevnéjsi a znac¢né
kfehkou, namnoze podrcenou a zvodnélou. V takovych mis-
tech dochdzelo k privalim vody a drti horniny do tunelu
a k nestabilité vyrubu.

Pri raZeni tunelu se vyskytovaly naopak ,,mastné® jilovcové
propldstky parafinové mazlavosti vzbuzujici dojem pritom-
nosti primési mastku. Jejich pevnost je na hranici zemin R1-
RO. Plasticita té€chto partii dosud ¢ini velké potiZe pri postupu
razby. Tlacivost propldstku zpusobuje vyznamné plastické
deformace — ztzeni konvergence profilu tunelu azZ o 10 cm.

Dolerity, té3inity a ruzné druhy andeziti nachdzejici se
v trase tunelu jsou pevnymi horninami tfidy RS az R6. Ty se
projevuji abrazivitou na rozpojovacich dlatech stroje a vyka-
zuji znacnou prasnost pri razbé. Nejpodstatnéjsi je ale jejich
puklinova propustnost, kterd pfi zvodnéni nadlozi opakované
zpusobuje pruvaly vody a horninového materiélu k hlavé stro-
je TBM a do stroje. Tim dochézi ke vzniku kaveren, kominu-
jicich do vysky i pres 15 m. Kaverny je nutné nésledné plom-
bovat vypliovym betonem.

Takto komplikované podminky se vSak vyskytly v dosavad-
nim prabéhu raZeb nastésti pouze omezené. Ke vzniku kave-
ren pak, na zatim vyrazené délce tunelu, doslo ve dvou pripa-
dech na dsecich dlouhych cca 30 m.

Geomorfologické charakteristiky terénu a pozice tunelu

Kromé ,,mékkého* erozné-denudaéniho charakteru terénu,
roz¢lenéného mnohymi vyraznymi eroznimi ryhami a sesuvy
v mékkych, snadno erodovatelnych argilitech jako nejvyraz-
néjsi morfologicky/reliéfotvorny prvek v ose tunelové razby,
vystupuje vyraznd kuesta (geomorfologicky termin, oznacujici
asymetricky vrchol hory nebo hiebenu, tvoreného mirné uklo-
nénymi vrstvami odolnych hornin (do 7°), které se stiidaji
s vrstvami méné odolnych hornin) s dklonem vrstev 30° k SZ.
Tunel ji proraZi téméf kolmo. Tato kuesta miiZe byt bud elem
mozného presmyku, nebo projevem inverzniho reliéfu. Diky
Clenitosti reliéfu jsou udseky tunelu v riznych hloubkéch. Pod
hfebenem kuesty je tunel v hloubce cca 300 m, v prachodu pod
nejhlubsi erozni ryhou (ovragem) je hloubka jen cca 28 m.
Zvrasnéni argilitu se morfologicky projevuje minimélné.
Tektonika — geologicka struktura oblasti

Jak bylo feceno, zdjmova oblast je interpretovana jako dil-
¢ifm zvrasnénim postizend soucdst antiklinoria bez vyznamnéj-
Sich prvku disjunktivni tektoniky. Podle tektonickych méfeni
v tunelu, ale i podle dopliikového geologického mapovani ma
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deformations — increasing the tunnel profile convergence by
up to 10cm.

Dolerite, teschenit and various kinds of andesite existing
along the tunnel route are hard rock types, classes R5 to R6.
They manifest themselves by abrasivity on cutting tools of the
machine and exhibit significant rate of airborne dust during the
excavation. But their fissure permeability is most substantial.
When the overburden is saturated with water, it repeatedly
causes water and rock material flowing to the TBM cutterhead
and inside the machine. As a result, caverns develop reaching
the height even over 15m. The caverns have to be subsequent-
ly packed with backfill concrete.

Fortunately, so complicated conditions were encountered
during the previous excavation only to a limited extent.
Caverns in the so far excavated tunnel length originated only
in two cases, in ca 30m long sections.

Geomorphological characteristics of terrain
and the tunnel location

Apart from the “soft” erosion-denudation character of the
terrain, which is divided by many significant erosion ravines
and landslides in weak, easy to erode argillite, a significant
cuesta (a geomorphological term marking an asymmetric peak
of a mountain or a ridge formed by slightly dipping (up to 7°)
layers of durable rock, alternating with layers of less durable
rock), dipping NW at 30°, rises as the most distinct morpholo-
gical/relief-forming element on the tunnel excavation centre
line. The tunnel breaks through it nearly perpendicularly. This
cuesta can be either the front end of a possible overthrust or
a manifestation of an inverse relief. Owing to the dissected
relief, the tunnel sections are at various depths. Under the
cuesta ridge, the tunnel is at the depth of ca 300m; at the pas-
sage under the deepest erosion ravine (the ovrag) the depth is
only ca 28m. The folding of argillites manifests itself morpho-
logically only minimally.

Tectonics — geological structure of the area

As mentioned above, the area of interest is interpreted as
a part of an anticlinorium affected by partial folding, without
more significant elements of disjunctive faulting. According to
tectonic measurements inside the tunnel, but also according to
complementary mapping, it has rather the monoclinal charac-
ter with the prevalent NNW trend of strata, probably with britt-
le tectonics, manifesting itself by the overthrust, see the cutout
from the geological section in Fig. 4. It is possible to agree
with the opinion that it may be the northern wing of a mega-
anticline.

With respect to the not too detailed geological probing of the
area and availability of geological maps of only smaller scales,
the knowledge obtained from the complementary geological
mapping and from the documentation of the tunnel excavation
itself partially differs from assumptions. Nevertheless, even
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Obr. 4 Podélny geologicky rez
Fig. 4 Longitudinal geological section
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Obr. 5 Celo vyznamné kuesty, tunel prordzi kuestu kolmo v bezprostiednim
okoli obce Rustavi (na obrdzku nahore)

Fig.5 Front end of the important questa, the tunnel breaks through the ques-
ta perpendicularly in the immediate vicinity of the village of Rustavi (at the
top of the picture)

vSak charakter spiSe monoklindlni, s prevazujicim tklonem
vrstev k SSZ, s pravdépodobnou kiehkou tektonikou, projevu-
jici se presmykem, viz vysek geologického fezu na obr. 4.
S tim, Ze se muZe jednat o severni kiidlo megaantiklindly, lze
souhlasit.

Vzhledem k ne prili§ podrobné geologické prosondovanosti
tuzemi a dostupnosti geologickych map pouze mensich méri-
tek, se poznatky ziskané z doplnkového geologického mapo-
vani a z dokumentace samotné razby ¢aste¢né 1isi od predpo-
kladt. Nicméné ani nové ziskané informace neumoZiuji
detailni jednoznacnou interpretaci geologické struktury. Jde
spise o strukturni hypotézy. K hypotéze o tom, Ze razba pro-
chdzela ve zna¢ném tseku poruSenou zénou nasunové plochy
presmyku, prispély obtize, které se v téchto mistech objevily
(viz zminénd mylonitizace a tlacivost). Morfologicky pro sub-
horizontélni presmyk svéd¢i poloha kuesty (se sklonem cca
30°) k SZ (obr. 5).

Alternativou subhorizontdlniho pfesmyku, projevujiciho se
vySe zminénou kuestou, muZe byt i inverzni reliéf, ponechd-
vajici morfologicky vystupovat jedno rameno antiklindly jako
kuestu. Tim ovSem neni dobre vysvétlena tektonickd poruse-
nost zastizend razbou prave pod kuestou.

Zakladni geologickd mapa ukazuje pro predmétnou oblast
v VSV pokraCovani kuesty geologicky presmyk se strmym
dklonem k jihu. Morfologické pozorovani a poznatky z doku-
mentace postupu razby by hovorily spiSe pro presmyk s mir-
nym uklonem k severu a ndsunem severnich mas na masy jiz-
néji poloZzené. Tento ndsun by probihal ¢aste¢né po vrstevnich
plochéch, ¢aste¢né zrejme po zvinénych plochdch novotvore-
nych s moznym vlekem vrstev a pripadnou digitaci (obr. 6).

7 dokumentovanych geologickych projevu v tunelu pro tento
ndsun hovori narazeni mylonitizované zony charakteru sypké
kamenitopisCité zeminy a naraZeni ,,rozklouzanych* (vySe zmi-
novanych) jiloveu s velmi vyraznymi tektonickymi ,,zrcadélky.

V prvni ¢tvrtiné razby tunelu byla prorazena zéna s vysky-
tem mastkové bridlice, indikujici kontakt bazaltické dajky
s vapnitym prachovcem (argilitem), v zéné subvertikdlniho
zlomu. Germanotypni tektonika je tedy rovnéZ pritomna.

RAZBA TBM

Postup razby je pravidelné dokumentovan mistnimi geology
dodavatele. Pristupnost ¢elby je velmi omezend. Strukturné-tek-
tonickd méfeni jsou velmi problematickd. Horninovy typ je

TuHel

the newly obtained information does not allow for detailed
unambiguous interpretation of the geological structure. It is
rather the case of structural hypotheses. The problems which
appeared (see the above-mentioned mylonitisation and the
squeezing property) contributed to the hypothesis that the tun-
nel excavation passed along a significant section disturbed by
an overthrust plane. Morphologically, the NW position of the
cuesta (dipping at ca 30°) (see Fig. 5) gives evidence of a sub-
horizontal overthrust.

Even the inverse relief, letting one shoulder of the anticline
rise as the above-mentioned cuesta, may be an alternative of the
sub-horizontal overthrust manifesting itself by the cuesta. But
the tectonic disturbance encountered by the tunnel excavation
just under the cuesta is not well explained by the hypothesis.

The basic geological map for the particular area in the ENE
continuation of the cuesta shows a geological overthrust dip-
ping steeply south. The morphological observation and the
knowledge obtained from the documentation of the excavation
process would rather suggest an overthrust moderately dipping
north and the northern masses slipping over the masses lying
more southerly. This overthrust would proceed partially along
bedding planes and partially, obviously, along newly develo-
ped folded surfaces, with the possible dragging of the strata
and possible digitations (see Fig. 6).

Encountering the mylonitised zone with the character of
loose stony-sandy soil and encountering the above-mentioned
“greasy” claystone with highly marked faulting polishes is
a documented geological manifestation speaking up for this
overthrust.

A zone with the occurrence of steatite shale, indicating
a contact of the basalt dajka with calcareous limestone (argil-
lite) in the sub-vertical fault zone was driven through in the
first quarter of the tunnel excavation. It means that German
type faulting is also present.

TBM TUNNELLING

The tunnel excavation advance is regularly documented by
contractor’s local geologists. The access to the excavation face
is very limited. Tectonic and sedimetological measurements
are very problematic. The ground type is observed continually
on the belt conveyor. Apart from the ground type, the bedding,
degree of tectonic disturbance, other structural elements and,
of course, saturation with water are observed during visits to
the excavation heading.

Tunnel excavation advancing

The excavation mostly passes through dry and little crushed
argillite, where the advance is relatively smooth and very fast
— rates up to 30m per day (20 lining rings). Problems were
encountered when the water-bearing brittle rock forming an
aquifer between impermeable argillite layers were tapped. In
those locations groundwater and crushed rock broke out into
the machine space. Another very problematic section was
encountered when the excavation arrived at a crushed zone fil-
led with tectonic mylonite (probably the above-mentioned
fault/overthrust zone). Caverns developed and even “daylight”
collapses occurred in these sections. But after some time the
crushed zone disappeared from the excavation profile. A little
later, the tunnel excavation got to squeezing manifestations
caused by highly plastic claystone intercalations in the argilli-
te. Very pronounced faulting polishes, slickensides, are visible
in the claystone. They are situated both along and across the
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Obr. 6 Uéelovi geologickd mapa
Fig. 6 Purpose-made geological map

sledovédn prubézné pri odvozu na dopravniku. Pfi ndv§tévach
Celby se sleduje krom¢€ horninového typu i vrstevnatost, mira
tektonického poruseni, dalsi strukturni prvky a samozrejmé
zvodnéni.

Postup razby

Razba prevazné prochdzi v suchych a mélo drcenych argili-
tech, kdy je pribéh pomérné hladky a velmi rychly — az 30 m
(20 prstenct) za den. Problémy nastaly prfi naraZeni zvodné-
lIych kiehkych hornin, které jsou zvodni mezi nepropustnymi
argilitovymi vrstvami. Tam dochdzelo k privalim podzemni
vody a horninové drti do stroje. DalSim velmi problematic-
kym tdsekem bylo naraZeni drcené zony vyplnéné tektonickym
mylonitem, pravdépodobné zény zlomu/presmyku (viz vyse).
Zde dochazelo ke vzniku kaveren a dokonce vykominovani
k povrchu. Tato drcend zéna vSak po néjakém Case z profilu
razby vymizela. O néco ddle se raZzba tunelu dostala do tlaci-
vych projevi zpusobenych silné plastickymi jilovcovymi pro-
plastky v argilitech. V jilovcich jsou patrny velmi zfetelné
ohlazy tzv. tektonickd zrcadla. Tyto jsou situovany jak po vrs-
tevnich plochdch, tak i napfi¢ nimi. Je patrné tektonické pro-
hnéteni. Je moZné, Ze se jednd o pokracovani zoény presmyku,
ndsunové plochy, kterd si nasla nejmekéi/nejslabsi plochy stfi-
hu. Dokladd to pravdépodobnost razby napfi¢ vyznamnou
geologickou poruchou (jednou z dil¢ich ndsunovych ploch).

Z povrchového mapovani je patrny vychoz smykovych
ploch, podrceni a piekoceni vrstev v tpatich svaht nad vesni-
ci Rustavi.
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bedding planes. Tectonic kneading is obvious. It is possible
that it is the continuation of the overthrust zone, which found
the softest/weakest shearing planes. It is the evidence that the
excavation runs crosswise an important geological fault (one
of the partial overthrust planes).

An outcrop of shear planes, crushing and inverted strata at
the bases of slopes above the village of Rustavi are obvious
from the mapping.

Effects during the course of tunnelling
- geotechnical conditions

The occurrence of semi-rock or disintegrated weak rock
represents significant problems for the tunnel excavation using
the double-shield-type Herrenknecht S-674 TBM. In some
locations the strength drops to class R1 or even down to RO
(according to ISRM 1981). In such the conditions, ground
starts to exert pressure on the TBM and the tunnel lining and
the cutting effectiveness drops to a minimum.

The fissure-type saturation of brittle rock types lying betwe-
en impermeable argillite layers represents other complications.
It caused water and crushed rock breakouts into the machine
space. The crushed zone with the character of mylonitic sandy
soil also caused breakouts and development of caverns.

Certain problems had to be overcome even in the locations
where the TBM drove through an inhomogeneous environ-
ment, where the excavation profile comprised a hard volcanic
vein — basalt (dark andesite) on one side and semi-rock argilli-
te on the opposite side. It caused mechanical failures of the
hydraulic cutterhead extension system. The whole section had
to be driven through in the single shield mode.

Basic technical data on the tunnel

The tunnel excavation diameter is 6m, the tunnel length
amounts to ca 9.7km. The horizontal alignment is nearly stra-
ight; the vertical alignment is inclined at 0.5%. The tunnel is
driven from the future power plant in an uphill gradient.

The lower ca 300m long section of the tunnel was driven
conventionally using blasting and a roadheader. The excavati-
on was temporarily supported only with a thin layer of shotc-
rete and, in selected locations, in addition with welded mesh
and frames from steel H-sections. Welded steel lining forming
a pressure tube will be in addition installed into the final cast-
in-place tunnel lining in this section. This tube will pass into
the high-pressure penstock behind the tunnel, through which
water is supplied to turbines.

A 46m deep shaft with a 38m deep subsurface surge cham-
ber above it is designed at the distance of ca 200m from the
portal.

Launching the TBM from a completely
excavated tunnel section

During the assembly of the TBM in front of the tunnel por-
tal, the TBM was gradually shifted into the in advance exca-
vated tunnel part, as described above. After the completion, the
machine was moved in steps along a reinforced concrete cra-
dle up to the end of the above-mentioned 300m long section
excavated in advance, where the full-face TBM excavation and
installation of tunnel lining consisting of reinforced concrete
segments commenced (see Figures 7, 8, 9 and 10).
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Efekty pfi tunelovani — geotechnické poméry

Pro razbu strojem TBM Herrenknecht S-674, ktery je typu
double shield, predstavuje vyskyt poloskalnich nebo rozruse-
nych mékkych hornin zna¢né obtize. V nekterych mistech
pevnost hornin klesd ke tfidé R1 nebo az na RO (dle ISRM
1981). V takovych podminkdch horniny zacinaji tlacit na Stit
i tunelové osténi a feznd ucinnost hlavy klesd na minimum.

Puklinové zvodnéni kiehkych hornin lezicich mezi poloha-
mi nepropustného argilitu predstavuje dal§i komplikaci a zpu-
sobilo pruvaly vody a horninové drti do stroje. Drcend zéna
charakteru mylonitické pis¢ité zeminy rovnéZ pusobila prava-
ly a kavernovani.

Jisté problémy byly prekondvdny i v mistech, kde §tit razil
v nehomogennim prostredi — v profilu tvofeném z jedné stra-
ny tvrdou vulkanickou Zilou — ¢edi¢em (tmavym andezitem)
a z druhé strany poloskalnim argilitem. To zpusobilo mecha-
nické poruchy na hydraulickém systému vysuvu fezné hlavy
stitu. Usek musel byt proraZzen v modu single shield.
Zakladni technické tidaje tunelu

Primér vyrubu tunelu je 6 m, délka tunelu cca 9,7 km.
Smérové je tunel témer v primé linii, vyskoveé ma sklon 0,5 %.
Razba tunelu probihd dovrchné od budouci elektrdrny.

Dolni dsek tunelu v délce cca 300 m byl vyraZen konvencné
pomoci trhacich praci a tunelové frézy. Vyrub je doCasné zajis-
tén pouze slabou vrstvou stiikaného betonu a ve vybranych mis-
tech navic s vyztuZnymi sitémi a rdmy z ocelovych I-profila. Do
definitivniho monolitického tunelového osténi bude v tomto
useku instalovano jesté ocelové svarované oplasténi, které tvor{
tlakové potrubi. To plynule prejde v konstrukci tlakového priva-
déce za tunelem, kterym je voda privadéna na turbiny.

Ve vzdalenosti cca 200 m od portélu je nad tunelem navrze-
na Sachta hloubky 46 m a nad ni podpovrchova komora proti
vodnimu razu hlubokd 38 m.

Zahajeni razby TBM ve vyraZzeném tunelu

Pfi montazi TBM pred portdlem tunelu byl postupné zasou-
van do predem vyrazené Cdsti tunelu, jak bylo popsdno vyse.
Po kompletaci stroje byl stroj postupnymi posuny po Zelezo-
betonové kolébce dopraven na konec zminéného 300 m dlou-
hého predem vyraZeného useku, kde zacalo raZeni Stitem

plnym profilem s montazi tunelového osténi z Zelezobetono-
vych dilcu (obr. 7, 8, 9, 10).
Technické rfeSeni tunelu a postup razby TBM

Usek tunelu od 9,700 km aZ k hornimu portélu u vtokového
objektu v 0,000 km je raZen tunelovacim strojem TBM doub-
le shield hard rock. Kruhové osténi je montovano z Zelezobe-
tonovych segmentd (5+1). Sty¢na spédra jednotlivych prstenca

Obr. 7 Pohled na razici hlavu
Fig. 7 A view of the cutter head

Technical solution to the tunnel and the TBM
excavation procedure

The tunnel section from the chainage of 9.700 km up to the
upper portal at the intake structure at chainage 0.000 km is
being driven by a double shield hard rock TBM. The circular
lining is assembled from reinforced concrete segments (5+1).
The circumferential joints between individual lining rings are
not designed to be conical. The machine is guided only by irre-
gular squeezing of the rubber sealing between segments of the
rings. Muck is hauled from the tunnel on a conveyor belt;
lining segments are transported on rail-mounted flat cars each
carrying segments for 2 rings. Pea gravel and cement for the
primary and secondary grouting is also transported on rails.
Dry grouting mixture is mixed with water later, on the TBM
trailing gear.

The lining is 250mm thick; one ring is 1.5m long. The inner
diameter of the tunnel lining rings is 5.26m. The shield diame-
ter is 5.49m, the cutter head diameter ranges from 6.02m to
6.09m, depending on the chosen cutting tools. The intermedi-
ate space between segments and the excavation is being filled
with grout (backgrouting). The tunnel is designed as a pressu-
re resisting structure for the maximum 10bar pressure.

After initial complications, the TBM excavation commenced
in June 2016. With its best performance, the contractor reached
the excavation rate up to 900m per month, 500m per month as
the average. As of the time of writing the paper, ca 6000m of
excavation had been completed.

Solution to the exit portal (water intake structure)

The exit portal for the TBM is currently in the phase of
adjusting the design. The design counts on receiving the TBM
in a small portal pit, where it will be dismantled in steps toget-
her with the trailing gear. After lifting them up from the pit, the
individual parts of the machine will be transported to the sto-
rage area. The reason for this complicated and time intensive
dismantling operation lies in the limited spatial conditions,
which do not allow for pulling the entire machine out of the
tunnel. The set will again be pulled along the reinforced conc-
rete cradle. When the dismantling of the machine in front of
the portal is finished, an intake structure will be constructed in
front of the portal as a water inlet into the tunnel.

TBM

As described in detail above, the TBM is of the double-shield
hard rock type supplied by the company of Herrenknecht (see
Figures 11 and 12). Owing to its technical solution the machi-
ne excavates the tunnel and concurrently installs the tunnel
lining. In this way the time when the machine does not excavate

Obr. 8 Postupnd montdz stroje a jeho zasouvdni do tunelu
Fig. 8 Stepwise assembly of the machine and shifting it into the tunnel




Obr. 9 Pohled na ndavés TBM
Fig. 9 A view of the TBM trailing gear

osténi neni navrzena koénickd. Stroj je veden pouze nerovno-
mérnym sviranim gumového tésnéni mezi segmenty prstence.
Doprava rubaniny z tunelu je zajiStovdana dopravnikovym
pdsem, segmenty osténi se dopravuji kolejovou drdzkou, pri-
gemz se na vlaku z plo§inovych vozu vezou vZdy dilce pro 2
prstence. Po kolejich se dopravuje také kacirek a cement pro
primarni i sekundérni injektaz. Injektdzni smés se michd s pri-
ddvanim vody az na ndavésu tunelovaciho stroje.

Tloustka osténi je 250 mm, délka jednoho prstence je 1,5 m.
Vnitini prumér krouzku tunelového osténi je 5,26 m. Prumeér
Stitu je 5,94, prumér fezné hlavy je v zdvislosti na zvolenych
feznych nastrojich od 6,02 do 6,09 m. Mezilehly prostor mezi
segmenty a vyrubem je vypliovén vyplnovou injektdzi. Tunel
je navrZen jako tlakovy pro maximdln{ tlak 10 bar.

Razba TBM byla zahdjena po dvodnich komplikacich v Cerv-
nu 2016. Svym nejlepSim vykonem dodavatel dosdhl az 900
m/mésic, prumérné pak 500 m/mésic. V dobé psani ¢lanku
bylo vyraZeno cca 6000 m.

ResSeni vyjezdového portalu (vtok do tunelu)

Vyjezdovy portdl pro TBM je v soucasné dobé ve fazi ladé-
ni projektového feSeni. Navrh pocitd s vyjetim TBM do malé
portdlové jamy, kde probéhne postupnd demontaz stroje vcet-
né jeho technologickych ndvésu. Po vytazeni z jamy budou
jednotlivé Casti stroje prepraveny do skladovaciho prostoru.
Duvodem pro tuto komplikovanou a ¢asové ndro¢nou demon-
taz jsou omezené prostorové podminky, které nedovoli vyjet
celym strojem z tunelu. Vyjizdét se bude opét na zelezobeto-
novou kolébku. Po rozebrani stroje bude pred portalem zbu-
dovan natokovy objekt jako vpust vody do tunelu.

TBM

Jak je popséno detailné vySe, jednd se o typ stroje TBM
double shield hard rock dodany spolecnosti Herrenknecht
(obr. 11, 12). Diky svému technickému reSeni stroj soucasné
razi i montuje osténi tunelu. Tak je minimalizovén Cas, kdy
stroj nerazi (jinak je tomu u razby strojem single shield). Tim
je podstatné urychlen pracovni cyklus stroje.

Rezné hlava stroje je navrzena pro pevné horninové pro-
stredi (hard rock) tak, jak predpokldadalo zadani projektu.
V pripadé nepredvidanych geotechnickych podminek bliZi-
cich se charakteristikdm zemin se jiZ vSak opakované proka-
zalo, 7¢ muZe dochdzet k obtiZnym situacim vyZadujicim
sana¢ni opatfeni na ¢elbé vyrubu.

Segmenty jsou osazovany do pozic v prstenci erektorem,
ktery je na tomto stroji mechanicky, nikoliv vakuovy.
Segmentové jefdby funguji na principu mechanickych zamku.
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Obr. 10 Provddeni vypliiové injektdZe — Cdst cementace
Fig. 10 Execution of back grouting — cementation

the tunnel is minimised (it is different in the case of tunnel exca-
vation using a single-shielded machine). Thanks to this design
the working cycle of the machine is substantially accelerated.
The cuter head of the machine is designed for hard rock
environment, as the project tender documents assumed. On the
other hand, it has been repeatedly proved that difficult situati-
ons requiring stabilisation measures at the excavation face
may occur in the case of encountering unpredictable geotech-
nical conditions approximating the characteristics of soil.
Lining segments are placed into their positions within the
lining ring using an erector, which is of the mechanical type on
this machine, not vacuum-assisted. Segment-lifting cranes

Obr. 11 Popis TBM
Fig. 11 TBM description

BERRCNMNEENT AG | GTILITY TUNNELLING | TRAFFIC TUSNCLLNG

CUTTING TOOLS.
DisCs

Double Disc Cutters in the Center
I Number: 4
I Size 17"

Face and Gauge Disc Cutters
I Number 31
1 Size 18°

Obr. 12 Popis Feznych ndstroju
Fig. 12 Description of cutting tools
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Obr. 13 Plnéni segmentovych forem
Fig. 13 Filling the segment moulds

Segmentovy podavaé pak je klasicky hydraulicky. Navés za
Stitem sestdvd z dvandcti portdlu a pasového dopravniku a je
délky 175 m. Pripocte-li se k tomu délka Stitové Casti, meri
stroj témér 200 m.
Segmenty

Tunelové segmenty jsou vyrdbény zhotovitelem pfimo v mis-
t€ stavby. Vyrobna segmenti je vybavena sedmi sety forem
s technologii proparovani. Tim je urychlovan proces zrani Cer-
stvého betonu. Zhotovitel je tak schopen kaZdou dvanéctihodi-
novou sménu vyrobit jednu plnou varku 42 segmentu, coZ pre-
stavuje sedm kompletnich prstencu (obr. 13, 14).

ZAVER

SKODA PRAHA as., jako tradi¢ni eskd inZenyrsko-dodava-
telskd spole&nost investi¢nich celku v energetice na kli¢, v tomto
projektu vystupuje jako inZenyr investora. Technicky konzultant
SAMSON PRAHA, spol. s r.0. byl vybrain SKODOU PRAHA,
diky své specializaci na podzemni stavby a geologii, pro spolu-
praci v misté vystavby elektrarny v Gruzii. V soucasné dobé
tym SAMSON PRAHA, spol. s 1.0. v misté sestdvd z péti pra-
covnikd, a to experta na raZbu tunelu, geologa, senior inZenyra
dozorujiciho stavebni ¢dst, specialistu dohliZejictho na hydro-
mechanického dodavatele a specialistu kontrolujiciho kvalitu
dodéavanych praci. SKODA PRAHA a.s. poskytuje veskerou
podporu pro ¢innost SAMSON PRAHA, spol. s r.o. v misté.
Takto sestaveny tym je tak platnym ¢lenem tymu investora, kte-
rému se dari udrzet prijatelnou kvalitu provadénych praci
v souladu s projektovou dokumentaci, vetné Casového planu
definovaného ve smlouviach s jednotlivymi dodavateli.
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Obr. 14 Proparovaci zkouska
Fig. 14 Steam curing test

work on the principle of mechanical locks. The segment erec-
tor is classical, hydraulic. The trailing gear consists of twelve
portals and a belt conveyor; it is 175m long. If we add the
length of the shielded part, the machine is nearly 200m long.

Lining segments

Tunnel lining segments are produced by the contractor direct-
ly on site. The segment casting yard is equipped with seven
moulds with the steam curing equipment. The process of curing
green concrete is accelerated in this way. The contractor is the-
refore capable of producing one complete set of 42 segments,
which represents seven complete rings (see Figures 13 and 14).

CONCLUSION

SKODA PRAHA joint-stock company, a traditional Czech
engineering company delivering turnkey investment units for
power generating industry, acts in this project in the position of
the engineer for the project owner. Owing to its specialisation
for underground construction and geology, SAMSON
PRAHA, Ltd. was chosen by SKODA PPRAHA for the positi-
on of the technical consultant for the collaboration in the loca-
tion of the power plant construction in Georgia. At present, the
SAMSON PRAHA, Ltd. team consists of five workers, name-
ly a tunnel excavation expert, a geologist, a senior engineer
supervising the civil engineering part, a specialist overseeing
the hydromechanical contractor and a specialist checking the
quality of the work being supplied. SKODA PRAHA provides
all support for the SAMSON PRAHA, Ltd. activity on site.
The team assembled in this way is therefore a valid member of
project owner’s team succeeding in maintaining acceptable
quality of the works in compliance with the design documen-
tation, including the construction schedule defined in the con-
tracts with individual contractors.
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