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VaZeni priznivci podzemnich staveb,

dostdvé se vam do rukou ¢&islo odborného Casopisu Tunel, které vychdzi v dobé konéni 13. ro¢niku mezindrodni konference
Podzemni stavby Praha 2016 a 3. ro¢niku vychodoevropské tunelarské konference (EETC) 2016. Konference navazuje na pred-
chozi ro¢niky konferenci Podzemni stavby Praha (perioda 3 let) a Vychodoevropskych tuneldrskych konferenci (perioda 2 let).
Toto &islo Casopisu Tunel je soucdsti konferen¢nich material.. Rad bych touto cestou podékoval viem, kteff svym dilem piispéli
ke zddrnému prubéhu konference. Jedna se predevsim o Eleny pripravného vyboru a védecké rady konference, kteii konferenci
tfi roky pripravovali. Velmi ocefiujeme vstficnost renomovanych vyzvanych fecniku, ktefi svymi predndskami a prispévky
0 vyznamnych zahrani¢nich projektech nepochybné zvySuji prestiZ a atraktivitu konference. Dékujeme i vSem ostatnim autorim
za pﬁ'spévky do sborniku konference, tstni prezentace a postery. Je tfeba zminit partnery konference, jejichZ financni piispévky
se opét pnzmve prormtly do vyse vlozného a rozsahu nabizenych sluzeb. Zejména v ¢asech mensiho objemu podzemmch sta-
veb v CR si dané vstficnosti velmi cenime. Také je tieba podekovat viem vystavovatelim a podporujicim organizacim véetné
Mezindrodni tuneldfské asociace ITA-AITES. Zastitu hl. mésta Prahy poskytl konferenci radni Petr Dolinek. Organizaci konfe-
rence opet zajistovala agentura Guarant International, se kterou CzTA spolupracuje na piipravé konferenci od WTC 2007. V neposledni fadé bych rad pode-
koval v§em organizacim, které podpofily ucast svych zaméstnanct na konferenci. Véfim, Ze vyména zkusenosti béhem konference opét posune Ceské tune-
larstvi o krok vpred. Vazme si vSech, kteri k danému posunu naseho oboru prispivaji a neberme jejich tsili jako samozrejmost.

Dalsim prostredkem pro sdilen{ tuneldfskych zkuSenosti je casopls Tunel, ktery si podle nazoru rady odbornikit dlouhodobé drzi velmi vysokou
odbornou troven. Co je pro vds v tomto &isle pripraveno? Cislo je vénovano dvéma nejvyznamnéjsim partnerim konference PS 2016, firmam
Metrostav a.s. a HOCHTIEF CZ a. s. Prvni 3 ¢ldnky pripravili autofi z firmy Metrostav a.s. Doctete se v nich o razbach severskych tuneli pomoci
metody Drill & Blast — konkrétné o dokonéenych razbéch islandského tunelu Nordfjordur délky cca 7.5 km a o razbdch norskych tunelu Veitastrond
a Joberg. Dile je predstavena soucasnd nejvyznamnéjsi tunelovd stavba v CR - razba dvou jednokolejnych Zelezni¢nich tuneld Ejpovice délky
2x4,15 km pomoci hybridniho tunelovaciho stroje. Treti ¢ldnek je zaméfen na pravni aspekty vystavby tunelt, konkrétné na zahrani¢ni (zejména ame-
rické) zkusenosti s alokaci geotechnickych rizik. Prvni ¢lanek firmy HOCHTIEF CZ a. s. se zabyva vystavbou Cdsti projektu Crossrail, konkrétné dvou
tunelt pod TemZi raZenych pomoci Stitu. I druhy ¢lanek popisuje mechanizované tunelovani v zahrani¢i, konkrétné mikrotunelovéni s protlatovanim
Zelezobetonovych trub na mimorddnou délku cca 1,25 km v Austrdlii. Predmétem posledniho ¢ldnku firmy HOCHTIEF CZ a. s. ]e navrh a realizace
nevyztuzenych osténi, coz pOVaZLl_ll (vzhledem k moZnym vyhod4m a minimu aplikaci na dopravnich tunelech v CR) za velmi pfinosné téma.

Predposledni ¢lanek je zamereny na rekonstrukei kratkého tunelu Sedlejovice, ktery slouZi pro Zelezni¢ni dopravu jiz vice nez 150 let. Posledn{
odborny ¢ldanek v tomto Cisle se zabyva posouzenim prospésnosti prazského tunelového komplexu Blanka z hlediska kvality dopravy.

Ctendfiim Gasopisu pieji pifjemné a poucné Gteni. Viem tcastnikiim konference preji, aby konference splnila jejich oekdvani. Konferenci si
ndleZité uZijte, prirozené kromé odborné stranky je neméné duleZitd i stranka spolecenskd.

Zdarf Biih! doc. Ing. MATOUS HILAR, M Sc., Ph.D., CEng., MICE, &len redakéni rady,

predseda védecké rady konference PS 2016 a EETC 2016

Dear sympathisers of underground structures,

the issue of the technical journal TUNEL arriving in your hand is being published during the time of holding the 13th International Conference
Underground Construction Prague 2016 and the 3t Eastern European Tunnelling Conference (the EETC) 2016. The conference is a follow up to the pre-
vious conferences Underground Construction Prague (3-year period) and Eastern European tunnelling conferences (2-year period). This TUNEL journal
issue is part of the conference materials. I would like to use this opportunity to thank all those who have contributed to the successful course of the con-
ference. Among them, there are first of all members of the Steering Committee and the Scientific Council, who have been working on the preparation of
the conference for three years. We highly appreciate the collaborative approach of renowned invited lecturers, who undoubtedly increase the prestige and
attraction of the conference by their lectures and papers on important foreign projects. We thank to all other authors for their contributions to the confe-
rence proceedings, oral presentations and posters. It is necessary to mention the conference partners, the financial contributions of whom again favourab-
ly reflected themselves into the amount of the conference fee and the scope of the services offered. We highly appreciate their helpfulness, especially during
the period of the smaller volume of underground construction projects in the Czech Republic. It is in addition necessary to nicely thank all exhibitors and
supporting organisations, including the International Tunnelling Association ITA-AITES. The support by the City of Prague was provided by Mr. Petr
Dolinek, a Prague councillor. The conference organisation was again taken care of by Guarant International Agency, with which the CzTA has collabora-
ted on the preparation of conferences since the WTC 2007. At last but not least I would like to thank all organisations which supported the participation
of their employees in the conference. I believe that the exchange of experience during the course of the conference will again move the Czech tunnelling
industry a step forward. Let us value all of those who contribute to the given moving of our industry and let us not take their efforts granted.

TUNEL journal is another means of sharing tunnelling experience. According to many professionals the journal keeps a very high professional level in
the long term. What is prepared for you in this issue? The issue is dedicated to two most important conference partners, concretely to Metrostav a.s. and
HOCHTIEF CZ a. s. The first paper prepared authors from Metrostav a.s. You can read there about the finished driving of the 7.5km long Icelandic tun-
nel Nordfjordur and about driving Norwegian tunnels Veitastrond and Joberg. In addition, the currently most important tunnelling project in the Czech
Republic — driving two 2x4.15km long Ejpovice single-track railway tunnels by means of a hybrid TBM. The third paper is focused on legal aspects of
tunnel construction, concretely foreign (mainly American) experience with the allocation of geotechnical risks. The first paper submitted by the company
of HOCHTIEF CZ a. s. deals with the construction of a part of the Crossrail project, concretely two tunnels under the Thames driven by TBMs. The second
paper also describes mechanised tunnelling abroad, concretely microtunnelling with jacking of reinforced concrete tubes to an exceptional distance of
1.25km in Australia. The subject of the last paper from HOCHTIEF CZ a. s. is the design and realisation of unreinforced linings. With respect to the pos-
sible advantages and the minimum of applications to transport tunnels in the Czech Republic, I consider this topis to be very useful.

The last but one paper is focused on the reconstruction of the short Sedlejovice tunnel, which has been serving to railway transport for over 150 years.
The last technical paper published in this journal issue deals with the assessment of the profitability of the Blanka complex of tunnels in Prague from the
aspect of the quality of traffic.

I wish the readers of this journal pleasant and enlightening reading. Regarding all attendees to the conference, I wish them that the conference meets
their expectations. Enjoy the conference properly. Naturally, apart from the professional aspect, the societal aspect is not less important.

God speed you! doc. Ing. MATOUS HILAR, M.Sc., Ph.D., CEng., MICE, a member of the Editorial Board,

Chairman of the Sctentlf ic Counctl of the Conference UC 2016 and the EETC 2016




VAZENI CTENARI CASOPISU TUNEL,

jsem rdd, Ze v roce oslav 45 let od vzniku spo-
le¢nosti Metrostav a.s. vdas mohu prostiednictvim
Casopisu Tunel opét oslovit a podélit se s vami
0 to, co se déje vné i uvnitf nasi firmy, a o to, co
nam déla vétsi nebo mensi radost.

Radost nam jisté dela, ze v kvétnu leto$niho
roku se v Praze uskutecni jiz 13. konference
Podzemni stavby Praha 2016, kterd plynule nava-
zuje na svétovou tuneldrskou konferenci WTC 2016 v San
Francisku. Obé akce jisté prokdzou a predstavi dalsi obrovsky
posun v technologiich podzemniho stavitelstvi, které svym
rozvojem umoznuji navrhovat stile odvaznéjsi a velkolepéjsi
podzemni stavby a dila.

Radost ndm ovSem ned€ld skuteCnost, Ze tento rozvoj se
v plné §ifi v sou¢asné dobé nedotyka Ceské republiky. Nase
spole¢nost v loniském roce dspésné dokoncila dva velké infra-
strukturni projekty — Prodlouzen{ trasy metra V. A a Tunelovy
komplex Blanka, ktery se soucasné stal i nejdelSim méstskym
tunelem v Evropé. Na druhou stranu se dnes z velkych
dopravnich tuneld v na3{ zemi buduje pouze jediny, a to Zelez-
ni¢ni tunel na trase Rokycany — Plzen.

Soucasnd situace nds tak donutila obratit pozornost na
zahrani¢i. Dnes jiZ vice neZ 30 % celkovych vykonu dosahu-
je Skupina Metrostav mimo Ceskou republiku a Slovensko,
v pripadé samotného Metrostavu je to zhruba 20 procent.
V podzemnim stavitelstvi se ndm nejvice dafi v severskych
evropskych zemich, kde mimo jiné ocenujeme zejména rovny
a férovy pristup tamnich investort k zahrani¢nim firmam.

S védomim uvedené situace a pozice nasi spoleCnosti na
domécim a zahrani¢nim trhu ndm ovS§em nedéld radost rozvoj,
respektive ndstup nového fenoménu do podzemniho stavitel-
stvi, a to vaha prava a role pravnika pri feSenf rizik plynoucich
ze smluvnich vztahu. V dne$nim pojeti realizace projekta se
stdle vice a jasnéji ukazuje, Ze pravo a jeho vyklad jako norma
pro podzemni stavby prevazuje nad technickym a faktickym
vedenim a feSenim projektu. Je ndm jasné, Ze dany vyvoj je
pravdépodobné nezvratny, ale jde ndm o to, aby fenomén prav-
niho rozhodce byl spravedlivy a objektivné vyvdZzeny, coZ
dnesnim zadavatelim a smluvnim vztahum neni vZdy vlastni.

S prihlédnutim ke komplikovanosti dne$niho globédlniho
iregiondlniho svéta a v€etné i vySe uvedeného v§ak mohu fict,
Ze v celkovém skoére plusovych a zdpornych bodu snad jiz
kone¢né zalne prevaha téch pozitivnich. VEfim, Ze makroe-
konomické i podnikatelské prostredi a ndlada spolecnosti jiz
jsou, nebo se brzo dostanou do takové kondice, kterd umozni
celkovy rozvoj a kultivaci stavebniho trhu, tedy i toho naSeho
podzemniho.

ViZeni pratelé, zdvérem mi dovolte vyjadrit
prani, aby ndm vSem podzemni prostory
v budoucnosti prindSely stdle vice radosti
a méné zmaru, a to jak pri jejich vystavbé, tak
i pfi jejich nasledném uZivani.

Zdaf buh!

- Y-

25. roénik - €. 2/2016

DEAR READERS OF TUNEL JOURNAL,

I am glad that I can greet you again through
TUNEL journal in the year of the 45th anniversary of
the origination of Metrostav a.s. and share with you
the information what is happening outside and inside
our company and what makes us more or less happy.

What certainly makes us happy is the fact that the
already 13th conference Underground Construction
Prague 2016 will take place in May 2016. The confe-
rence will smoothly follow on the WTC 2016 con-
gress in San Francisco. Both events will certainly prove other
great progress in underground construction technologies, which
allow through their development for designing more and more
daring and magnificent underground projects and structures.

But what does not make us happy is the fact that this develop-
ment does not fully apply to the Czech Republic. Last year our
company successfully completed two large infrastructure pro-
jects — the metro line extension V.A and the Blanka complex of
tunnels, which has at the same time become the longest urban
tunnel in Europe. On the other hand, only one tunnel of the large
transport tunnels is under construction in the Czech Republic —
the railway tunnel on the Rokycany — Plzen route.

The current situation therefore forced us to turn our attention to
foreign countries. Metrostav Group today achieves over 30% of the
overall output outside the Czech Republic and Slovakia; in the case
of Metrostav a.s. itself, it is approximately 20%. In the underground
construction industry, we are most successful in the Nordic count-
ries, where we appreciate, among others, in particular the equal and
fair attitude of local project owners to foreign companies.

Nevertheless, even knowing the above described situation and
the position of our company in the domestic and foreign markets,
the development, respectively the onset of a new phenomenon in
the underground construction industry, does not make us happy.
It is the weight and the role of a lawyer in solving risks following
from contractual relationships. In the current understanding of
the implementation of projects, it shows more and more clearly
that law and its interpretation as a standard for underground con-
struction prevails above the technical and factual management of
and solution to projects. It is clear to us that this development is
probably irreversible, but our concern is that the phenomenon of
a legal arbitrator was fair and objectively balanced, which app-
roach is not always adopted by today’s project owners.

However, with respect to the complicated character of the cur-
rent global and regional world and the above-mentioned facts, I
can say that I hope that positive points will finally start to preva-
il in the overall score of plus and minus points. I believe that
macroeconomic and business environment and the mood in the
society already are, or soon will get to such a condition which
will allow for the overall development and cultivation of the con-
struction market, thus also our underground construction market.

Dear friends, to conclude let me express my wish
that underground spaces brought us all more and
more joy and less frustration in the future, both
during the construction as well as during the sub-
sequent use.

God speed you!

ING. IVAN HRDINA

vyrobné-technicky reditel Metrostav a.s.
a predseda CzTA ITA-AITES, z. s.
Chief Operations and Technology Officer of Metrostav a.s.
and Chairman of the CzTA ITA-AITES
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AKTUALNI PROJEKTY METROSTAVU A.S. V SEVERSKYCH ZEMICH
CURRENT METROSTAV A.S. PROJECTS IN THE NORDIC COUNTRIES

ALES COTHARD, IVAN PIRSC, PAVEL BURGEL

ABSTRAKT

Akciovd spolecnost Metrostav piisobi na stavbé tunelu v severskych zemich jiz od roku 2006. Tento &ldnek navazuje na predchozi
z Casopisu Tunel 2/2015 vénovany rovnez severskym tunelum. V zdii 2015 byla slavnosini prordzkou zakondena stavba nejdelSiho
islandského silnicniho tunelu Nordfjorour. V Norsku probihd vystavba dvou tunelii Veitastrond a Joberg. Pro razby v téchto oblastech
Jje typické vyuZiti metody Drill&Blast, lokdlné i NRTM. Tento ldnek shrnuje zdkladni technické informace téchto projekti, stavajict
a budouci prdce a navrZend technickd reSeni a zajimavosti z vystavby.

ABSTRACT

Metrostav joint-stock company has been active in construction of tunnels in the Nordic countries already since 2006. This paper builds
on the previous paper from the TUNEL issue 2/2015 dedicated to tunnels built in the Nordic countries. The construction of the
Nordfjorour tunnel, the longest Icelandic road tunnel, was finished by a breakthrough celebration in September 2015. The constructi-
on of two tunnels, the Veitastrond and Joberg, is underway in Norway. The tunnelling method typical for these areas is the Drill&Blast,
locally also the NATM. This paper summarises basic technical information on these projects, the current and future work, the proposed
technical solutions and interesting facts from the construction process.

TUNEL NORBFJORBUR

Dne 17. 9. 2015 byly slavnostni prordzkou z portédlu
Eskifjorour dokonceny razby tunelu Nordfjordur a tento tunel
se tak stal nejdelSim islandskym silni¢nim tunelem. Celkova
razend délka tunelu 7566 m byla projektem rozdélena na
4540 m z portalu Eskifjordur a 3026 m z portdlu Fannardalur.
BéZny profil tunelu lze podle norskych standardu klasifikovat
jako T8. Tento typ profilu je se svou teoretickou velikosti
vyrubu 54,7 m? dostate¢né velky pro dva silniéni pruhy, kazdy
se Sitkou 3 m. V misté bezpecnostnich zalivu, resp. odstavnich
ploch, se velikost profilu vyrubu zvétsi az na 77,3 m2. Tyto
zélivy je podle islandskych pfedpisu nutno realizovat kazdych
530 béznych metru tunelu. V celé trase tunelu jich tak bylo
vyrazeno celkem 14, pficemZ nékteré z nich byly realizovany
s dal8i rozrdzkou pro zajisténi technologickych komor potreb-
nych pro budouci provoz tunelu. Pfedpoklddané prajezdy tune-
lem jsou o¢ekdvdny v maximu 500-600 automobilu za den.

Bilance vyrubané horniny v poméru k mnoZstvi horniny
uréené pro zdsypy je témér nulovd. VytéZend rubanina bude
uplatnéna pri budovani zhruba 5 km novych komunikaci
vedoucich k tunelu a k zdsypum intravildnu mésta Eskifjorour
v nadchdzejici fazi projektu.

Postupy razeb

Razby z portalu Eskifjorour byly zahdjeny v listopadu 2013.
Zahdjeni raZeb z portdlu Fannardalur nasledovalo v bfeznu
2014. Prumérné tydenni postupy razeb byly z portdlu
Fannardalur 53,3 m, resp. 49,2 m z portdlu Eskifjordur, z toho
vyplyvaji primérné denni postupy 8.9 m, resp. 8,2 m. VétSina
délky tunelu byla razena dovrchné — 3 %. Poslednich 600 m
z portdlu Fannardalur bylo vyrazeno tpadné — 1,5 %.

Geologické poméry

Razby byly vedeny prevazné vyvielymi bazaltovymi horni-
nami s mezilehlymi vrstvami vulkanosedimentarnich hornin.
Tyto vétSinou znaéné nesoudrZzné vrstvy tufi a pyroklastik
dosahovaly mocnosti az 8 m a vyznamné zpomalovaly postu-
py razeb (obr. 1). V nékterych pripadech bylo pristoupeno
k vyztuZeni vyrubu pomoci ocelovych piihradovych ramu
(BRETEX). Metoda razby Drill&Blast byla tak ve vysledku
nahrazena pro tyto podminky vhodnéjsi NRTM, aplikovanou
do mistnich podminek, a to v celkové délce 640 m raZeb.
V tomto useku tunelu tak razby probihaly ve zkracenych dél-

NORBDFJORDUR TUNNEL

The excavation of the Nordfjordur tunnel was finished by
a breakthrough celebration at the Eskifjordur portal on 17/09/2015.
This tunnel became the longest Icelandic road tunnel. The total mined
tunnel length of 7566m was divided by the design into the 4540m
long section driven from the Eskifjordur portal and the 4540m long
section driven from the Fannardalur portal. The common tunnel pro-
file can be categorised according to Norwegian standards as T8. This
profile type is sufficient for two traffic lanes 3m wide each in terms
of the theoretical size of the excavated cross-sectional area of 54.7m?.
In the locations of safety lay-bys or breakdown bays, the excavated
cross-sectional area is increased up to 77.3m2. According to Icelandic
regulations these bays must be realised at intervals of 530 lineal met-
res of the tunnel. The total of 14 bays was excavated throughout the
whole tunnel route length. Some of them were realised with additio-
nal side stubs required for equipment chambers necessary for the
future tunnel operation. The anticipated maximum traffic flow volu-
me amounts to 500-600 cars per day.

The balance of the excavated rock in proportion to the volume
of rock designed for backfill is nearly zero. The muck will be used
for the construction of about Skm of new roads leading to the tun-
nel and for backfilling in the urban area of Eskifjordur during the
forthcoming project phase.

Excavation advance rates

Tunnelling from the Eskifjordur portal commenced in November
2013. The commencement of tunnelling from the Fannardalur portal
followed in March 2014. Average weekly advance rates from the
Fannardalur and Eskifjordur portals were 53.3m and 49.2m, respec-
tively; daily advance rates following from the weekly rate amount to
8.9m and 8.2m, respectively. The majority of the tunnel length was
driven uphill at — 3%. The last 600m long section from the
Fannardalur portal was driven downhill at — 1.5%.

Geological conditions

The excavation proceeded mainly through igneous basalt rock with
tuffaceous and pyroclastic interbeds. The thickness of these layers of
mostly significantly incoherent rock and sandstone reached up to 8m.
They substantially reduced the excavation advance rates (see Fig. 1).
In some cases we proceeded to support the excavation with steel lat-
tice girders (BRETEX). The Drill&Blast tunnelling method was in
the result replaced by the NATM, which is more suitable for these
conditions. It was applied to local conditions at the total excavation
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Obr. 1 Nordfjorour — nesoudriné vulkanosedimentdrni horniny
Fig. 1 Nordfjorour — incoherent volcano sedimentary rock types

kéch nakroCeni se zna&né zesilenym osténim. Velky duraz byl
také kladen na podrobny geotechnicky monitoring. Mezilehlé
vrstvy zaroven zamezuji pronikdni vody do vyrubu a funguji
tak jako izolant. Nékolik mésicu po dokonleni razeb je celko-
vy meéfeny pritok méné nez 6 /s, tj. cca 5,5 1/min/100 m.
Maximdlni doCasny pfitok vody z predvrta v Zddném pripadé
nepresdhl 300 1/min a béhem razeb nebylo ani v jediném pri-
padé pristoupeno k utésnujicim injektdzim.

V nejvyssim misté nadlozi dosahuje témér 900 m. I pres
délku tunelu nebyla vybudovdna tnikovd Stola ¢i vertikdlni
Sachta, kterd by byla vzhledem k vysce nadlozi a horninovému
prostredi pouze obtizné realizovatelna. Vzhledem k vysokému

length of 640m. In this tunnel section the excavation proceeded with
reduced excavation round lengths and substantially increased-thick-
ness of the lining. Great stress was in addition placed on detailed geo-
technical monitoring. The intermediate layers at the same time pre-
vent the intrusion of water to the excavation and function in this way
as an insulator. The total inflow measured for several months after
the completion of the excavation is smaller than 6L/s, ie. ca
5.5L/min/100m. The maximum temporary inflow of water from
holes bored into the advance core in no case exceeded 300L/min and
sealing grouting was never necessary during the excavation.

The maximum overburden height reaches nearly 900m. Despite
the tunnel length, no escape gallery or vertical shaft was carried
out. The shaft would be difficult to realise with respect to the high
overburden. With respect to the high overburden slighter manifes-
tations of rock pressure were observed during the excavation in
areas with the overburden higher than 500m. Degradation of walls
formed by scoriae (volcanic rock with small density, originating
on contact of lava with the surface) was encountered. In addition,
intense manifestations of rock pressure were registered in the area
of the intrusion of magma into original rock layers. Gradual rele-
asing of energy accompanied by strong crackling with rock burs-
ting up to the distance of 40cm from the excavated surface was
registered in the particular area. The measurements of deformati-
ons in the areas of the occurrence of sedimentary layers of vari-
ous types and in fault zones were carried out using a laser scanner
and a tape extensometer. It was easy to determine the extent of the
excavation deformation on the basis of the laser scanner outputs.
The extent of the deformation of the primary lining of the tunnel
driven through sedimentary rock can be seen in Fig. 2.
Convergences up to 16cm were measured at the bottom of the
right-hand excavation wall.

pohled ve sméru razby / view in direction of advance

metr tunelu / tunnelmetre 1 986.7

stani¢eni 4046.7 (vodorovny) / stationing 4046.7 (horizontal)

staniceni 4047.594 (prostorovy) / stationing 4047.594 (spatial)

cm

Obr. 2 Nordfjordur — vystup z laserskeneru o prubéhu deformaci osténi

Fig. 2 Nordfjorour — laser scanner output on the development of the lining deformations




nadlozi byly béhem raZeb pozorovény slabsi projevy horské-
ho tlaku v oblastech s nadloZzim vyS$§im nez 500 m.
Dochazelo zde k degradaci stén tvorenych scorif (vulkanicka
hornina s malou hustotou, vznikajici na kontaktu lavy s po-
vrchem). Ddle byly zaznamendny silné projevy horského
tlaku v oblasti intruze magmatu do puvodnich horninovych
vrstev. V dané oblasti bylo béhem razby zaznamendno po-
stupné uvolnovdni energie doprovdzené silnym praskdnim
s odpryskem hornin do vzddlenosti aZ 40 cm od vyrubu.
Meéfeni deformaci v oblastech vyskyta sedimentéarnich vrstev
ruznych typa a v poruchovych zénéch se realizovalo za po-
moci laserového skeneru a pasmového extenzometru. Na
zdkladé vystupu z laserového skeneru bylo snadné stanovit
rozsah deformace vyrubu. Na obr. 2 je mozné vidét rozsah
deformace primarni vyztuZe tunelu raZeného v sedimen-
tarnich horninach, kde v paté pravé stény vyrubu byly name-
feny konvergence az 16 cm.

Zajisténi vyrubu

Primdrn{ zajisténi vyrubu se provddélo pomoci svornikové
vyztuZe a stiikanych betonu s rozptylenou vyztuzi v tloustce
40-60 mm. Veskeré provadéné strikané betony musely splno-
vat mimo jiné pozadavky na energetickou pohltivost E700
a pevnost v prostém tlaku 26 MPa. Definitivni vyztuZeni tune-
lu, které tvori dal3i vrstva stiikanych betonu v tl. 40-180 mm
a pripadné zahusténi rastru svornikové vyztuZe, bylo provede-
no az po ukonceni razeb. Svornikovd vyztuz slouzici
k primdrnimu zajiSténi vyrubu byla uvazovana také jako sou-
¢ast definitivniho vystrojenf dila, a proto byly vSechny svorni-
ky opatfeny ochrannou vrstvou zinku a epoxidového nétéru.
V prubéhu razeb se pouzivaly prevdZzné mechanicky upinané
svorniky typu CT-bolt a svorniky typu SN aktivované po 24
hodindch v poméru zhruba 70/30. Ve zhorSenych geologickych
podminkdch se k zajisténi stability vyrubu pouzivaly také
samozdvrtné kotvy typu IBO a kari sité. Navrh vyztuZeni dila
se provadél pro kazdy zdbér na zdkladé klasifikace
Q-systému. Procentudlni zastoupeni indexu Q hodnot zastizZe-
nych v trase tunelu je uvedeno v tab. 1.

Dokon¢ovaci prace

V dobé psani tohoto ¢lanku probihaly betonaZe hloubenych
dseku. Tyto vnéjsi Zelezobetonové kontrukce budou po svém
dokon&eni dosahovat délky pres 300 m. Hlavnim duvodem pro
tak dlouhé hloubené tiseky je nutnost zajisténi protilavinového
opatreni, a to prevazné u portdlu Fannardalur.

Dal§imi, na raZzbu navazujicimi pracemi, kromé zminova-
nych cca pét kilometra vné€j$ich komunikaci, je instalace tune-
lovych izolaci proti prisakim podzemnich vod a promrzdni.
Po dokonceni definitivni vyztuze byla v trase tunelu dozorem

Tab. 1 Hodnoty indexu Q zastiZené v trase tunelu
Table 1 Q values encountered along the tunnel route
zastizena geologie

hodnoty indexu Q % zastoupeni

dle indexu Q Q values % percentage
geology encountered

according to the Q

extrémné Spatna 0,01 -0,1 1,5
extremely bad 0.01-0.1 15
velmi Spatna 0,1-1 8,9
very bed 0.1-1 8.9
Spatna 1-4 57,8
bad 1-4 57.8
dostate¢na 4-10 30,7
sufficient 4-10 30.7
dobra 10-40 1,1
good 10 - 40 1.1
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Excavation support

The primary excavation support consisted of rock bolts and a 40-
60mm thick layer of fibre reinforced shotcrete. All sprayed conc-
rete had to meet, among others, requirements for energy absorpti-
on capacity E700 and unconfined compressive strength of 26MPa.
The final tunnel excavation support consisting of another layer of
shotcrete 40-180mm thick and the contingent densification of the
grid of rockbolt support was carried out after the completion of the
excavation. The rockbolt support used as the primary excavation
support was in addition taken into account as a part of the final
lining. For that reason all rock bolts were provided with
a protective layer of zinc and epoxy coating. Mechanically expan-
ded CT-type rock bolts and SN-type rock bolts activated after 24
hours were used during the excavation operations at the proporti-
on approximately 70/30. In worsened geological conditions even
self-drilling IBO anchors and KARI welded mesh were used for
stabilising the excavation. The proposal for the excavation support
was prepared for each excavation round on the basis of the Q-sys-
tem classification. The representation percentage of individual
values encountered along the tunnel route is presented in Table 1.
Finishing work

At the moment concrete casting operations are underway in the
cut-and-cover sections. The length of these external reinforced
concrete structures will exceed 300m after their completion. The
main reason for such the long cut-and-cover sections is the neces-
sity for the implementation of an avalanche protection measure,
mostly at the Fannardalur portal.

Other subsequent work operation, apart from the above-mentio-
ned ca 5km of external roads, is the installation of tunnel insulati-
on against groundwater seepage and frost penetration. Locations
for these insulations were specified by client’s supervising engine-
er after the completion of the final excavation support. They will
be carried out by means of suspended polyethylene membranes
and pads with the application of a layer of shotcrete on them. With
respect to the above-mentioned relatively small amount of pene-
trating water and the length of the cut-and-cover sections, the total
area of these locations amounts to less than 30,000m?2. This area
represents approximately 22% of the total area of the excavation
surface.

Summary — Nordfjordur

According to the so far achieved work progress, it is very likely
that all work will be finished by September 2017. This term also cor-
responds to client’s requirements for opening the tunnel to traffic.

VEITASTROND TUNNEL

In 2014, Division 5 of Metrostav a.s. was awarded the first tun-
nelling contract in Norway. After projects in Iceland and Finland it
was an entry to another Scandinavian market.

The complex of avalanche protection measures along the road
No. 337 between the municipalities of Hafslo and Veitastrond is
part of the effort to improve the transport accessibility of the villa-
ge of Veitastrond with the population of about 130. Sliding of snow
avalanches regularly closes this only access road. In addition, this
ca 27km long road is threatened during the remaining part of the
year in several locations by falling boulders and collapsing adja-
cent rock walls (see Fig. 3). A great part of the road leads on a rock
slope rising from a lake and reaching the altitude of up to 1300m
above the water surface level. The road is used by Veitastrond resi-
dents all year round and is frequently used by cottagers and tourists
in summer months. It ends at the end of the valley in a national
park near the Jostedalsbreen glacier.

Basic information on the project

The project modifies two sections of the 2.5km long road. In the
Bjgrnebakkane section, a diversion of the road from the lake to
a 1.56km long tunnel is proposed for the length of 1.8km. In the
Lindeskreda section, in the location of frequent avalanches, an
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stavby urCena mista pro tyto izolace. Ty budou realizovany
pomoci zavéSenych polyethylenovych membrdn a matraci
s vrstvou stifkaného betonu. Vzhledem k vySe zminovanému
relativné malému mnozstvi pronikajici vody a dlouhym hlou-
benym tsekum dosahuje celkovd vyméra téchto mist necelych
30 000 m2. Tato vyméra piedstavuje zhruba 22 % celkové plo-
chy vyrubu.
Shrnuti — Nordfjordur

Podle dosavadniho postupu praci je velmi pravdépodobné,
ze veskeré prace budou dokonceny do zari 2017. Tento termin
také odpovidd pozadavkim zadavatele na uvedeni tunelu do
provozu.

TUNEL VEITASTROND

V roce 2014 ziskala Divize 5 Metrostavu a.s. prvni tuneldr-
skou zakazku v Norsku. Po stavbach na Island¢ a ve Finsku to
byl vstup na dalsi skandindvsky trh.

Soubor protilavinovych opatreni na silnici ¢. 337 mezi obce-
mi Hafslo a Veitastrond je soucdsti snahy o zlepSeni dopravni
dostupnosti obce Veitastrond s poctem asi 130 obyvatel.
Sesuvy snéhovych lavin pravidelné uzaviraji tuto jedinou pri-
jezdovou komunikaci. Navic po zbytek roku je tato cca 27kilo-
metrové cesta ohroZovdna na nékolika mistech i pddy balvana
a ficenim prilehlych skalnich stén (obr. 3). Z velké Cdsti vede
silnice po uboc¢i skalniho svahu vystupujictho z jezera
a dosahujictho vysky az 1300 metra nad hladinou. Silnici vyu-
Zivaji celoro¢né obyvatelé Veitastrondu a v letnich mésicich je
frekventované pouZivédna chatafi a turisty. Na konci ddoli sil-
nice konc¢i v ndrodnim parku u ledovce Jostedalsbreen.
Zéakladni informace o projektu

Vystavba upravuje 2,5 km komunikace ve dvou tsecich.
V tseku Bjgrnebakkane je v délce 1,8 km navrzeno odklonéni
silnice od jezera do 1,56 km dlouhého tunelu. V useku
Lindeskreda, v miste ¢astého padu snéhovych lavin, je navrzen
protilavinovy val délky cca 300 m a prelozka silnice délky
580 m na nové roz§ifeny nasep do ledovcového jezera
Veitastrondvatnet. Soucdsti stavby jsou dale technologickd
centra v tunelu, napojeni priportdlovych Casti na stdvajici
komunikaci, ptistupovd cesta k protilavinovému valu a mimo
zasmluvnény objem praci Metrostavu a.s. i technologické
vybaveni. Stavbu realizuje sdruzeni ,,JV Metrostav Havnen®,
které je tvoreno spoleCnostmi Metrostav  NUF a Havnen
Anlegg AS. Investorem je norskd spolecnost pro spravu cest
Statens Vegvesen, obdoba ceského RSD. Sou&ésti dodavky
investora je i projektova dokumentace. Smluvni vztahy se fidi
standardizovanou norskou normou NS 8406:2009 a zv1aStnimi
smluvnimi podminkami.

Tunel je navrzeny ve dvou zdkladnich profilech, ze severni
strany zacind jako dvoupruhovy, profilu T8.,5 s teoretickou
plochou vyrubu 68,7 m2. Po 500 metrech se tunel zuZuje do
jednopruhového profilu T5,5 s teoretickou plochou vyrubu
45,1 m?2, s klesdnim aZ k jiznimu portédlu. V tunelu jsou celkem
Ctyti nouzové zdlivy o Cisté délce 30 m s ndbéhy v obou sme-
rech. Nejvétsi plochou profilu celého dila je tedy nouzovy
z4liv T13,5 — 94,6 m?. Ve dvou zélivech nejbliZe portdlum jsou
kolmo na osu tunelu vyrazeny technické komory o délce 18 m
a profilu T8,5. V jednom ze stiednich zdlivu je umisténa
komora pro nouzové otaceni vozidel.

V oblasti vystavby protilavinového valu byla v prvnim
kroku prelozena existujici komunikace. Pro tyto dcely bylo
nejprve nutné roz§ifit brfeh zasypanim Cdsti jezera
a vytvorenim tak télesa komunikace (obr. 4). Zasyp jezera pro-
bihal ze brehu ukldddnim materidlu vyvezeného z tunelu.
Nejprve byly provedeny trhaci prace pod hladinou vody pomo-
ci tzv. Aurlandské metody. Prakticky §lo o maly clonovy odpal,
ktery uvolnil pfedem nasypany pol§tar z hrubého $térku. Ten

Obr. 3 Veitastrond — proudovy horninovy sesuv
Fig. 3 Veitastrond — flow-type ground slide

about 300m long avalanche protection embankment and the 580m
long relocation of the road to the embankment newly widened to
Veitastrondvatnet glacier lake are designed. Parts of the project
are, in addition, technology centres in the tunnel, connections of
pre-portal parts to the existing road, an access road to the avalan-
che protection embankment and, outside the amount of work con-
tracted by Metrostav a.s., even the tunnel equipment. The project
is being realised by the “JV Metrostav Havnen” consortium for-
med by Metrostav NUF and Havnen Anlegg AS. The client is
Statens Vegvesen, a Norwegian road administration company, an
analogy to the Czech Road and Motorway Directorate. The design
documentation is part of client’s supply. Contractual relationships
are governed by a standardised Norwegian standard NS 8406:2009
and special technical specifications.

The tunnel is designed in two basic profiles; from the northern
side it starts with the T8.5 double-lane profile with the theoreti-
cal excavated cross-sectional area of 68.7m?2. After 500m the tun-
nel width is reduced to the T5.5 single-lane profile with the the-
oretical excavated cross-sectional area of 45.1m?2, declining down
up to the southern portal. There are four emergency parking lay-
bys with the aggregate length of 30m and with tapers in both
directions in the tunnel. The cross-sectional area of the T13.5
emergency parking bay of 94.6m? is therefore the largest cross-
sectional area in the whole tunnel. The excavation of the 18m
long T8.5-profile technical chambers has been finished in the two
lay-bys located closest to the portals. An emergency u-turn bay is
in one of the middle lay-bys.

The existing road was diverted in the first step of the constructi-
on of the avalanche protection embankment. For this purposes it
was first necessary to enlarge the width of the lake bank by filling
a part of the lake with muck, thus creating the road bed (see Fig. 4).
The filling proceeded from the bank by depositing the muck tran-
sported from the tunnel. Blasting under the water surface using the
so-called Aurland method was carried out in the first step. It was
practically a small bench blasting which relieved a coarse gravel
cushion carried out in advance. The cushion slipped deeper to the
lake and ripped organic deposits and sludge off. The volumes of the
main work operations are summarised in Table 2.

Geological conditions

The construction site is located in an area of a strong granite
massif with the sporadic occurrence of granodiorite with the
strength of 275MPa. The entire tunnel route runs under the hill-
side with the maximum overburden height reaching 220m. Three
main fault zones were expected along the tunnel route. However,
their locations were not confirmed and the passage through
a worsened quality massif proceeded without preprevious indica-
tion. Nor the predicted occurrence of fissure rivers in these fault



Tab. 2 Objemy hlavnich praci
Table 2 Volumes of the main work operations

trhaci prace v tunelu / blasting inside the tunnel 104 000 m3
trhaci prace na povrchu / blasting on the surface 23 000 m?
zasyp jezera / filling of the lake 53 000 m®
protilavinovy val / avalanche protection embankment 115 000 m®
obklad protilavinového valu

avalanche protection embankment cladding 3850 m?
izolace proti vodé v tunelu / tunnel waterproofing 32 500 m?
pfeloZeni vedeni VN / relocation of a high-voltage line 650 m

se sesul hloubgji do jezera, a tak doslo ke strzeni organickych
usazenin a kald. Objemy hlavnich praci jsou sumarizovany
v tab. 2.

Geologické poméry

Staveni$té se nachdzi v oblasti pevného Zulového masivu
s ojedin€lym vyskytem granodioritu s pevnosti az 275 MPa.
Cela trasa tunelu prochdzi podél iboci svahu s max. nadloZim
dosahujicim 220 m. V trase tunelu byly oCekdvany tfi hlavni
poruchové zony. Jejich polohy se vSak nepotvrdily a k pru-
chodu masivem zhorSené kvality dochédzelo bez predeslé indi-
kace. Také predikovany vyskyt zvySenych pritoki podzemn{
vody se v téchto poruchovych zénach nepotvrdil a razby se
obesly bez pouziti injektdZe. Nékolik systému diskontinuit
s Castymi vyplnémi jilu zpisobovalo problémy s vrtacimi pra-
cemi a s nabijenim pro odpal. Komunikace mezi jednotlivymi
vrty, ale i iplné ztrdceni vodniho vyplachu byly velmi ¢astym
jevem.

Razba tunelu metodou Drill & Blast

RaZba tunelu probihala metodou Drill & Blast od srpna 2014
do listopadu 2015 s Sestimési¢ni planovanou zimni prestav-
kou. Zakladem bylo pouziti trhacich praci s milisekundovym
neelektrickym roznétem s béZnou délkou zdbéru 5 m. Pouziti
Cerpanych emulznich trhavin bylo samozrejmosti. V mistech
s vyrazné¢ zhorSenou geologii byl volen zkrdceny zabér cca
2.5 m.

VytéZeni a odvoz rubaniny probihaly klasickym zptusobem
pomoci 4- a 6kolovych dumpert za pouZiti ¢elniho kolové-
ho nakladace se lzici s bo¢nim vyklopem. I pres stisnéné
podminky profilu T5,5 bylo naklddédni rubaniny provddéno
piimo na Celbé bez vyuZiti naklddacich vyklenku. Strojni
a ndsledné ru¢ni zaci$téni vyrubu se v zastizené geologii
projevilo jako stéZejni operace nutnd pro bezpecné provade-
ni dal$iho kroku. Ke svornikovani se v prevazné vétsiné pou-
zivaly mechanicky upinané svorniky, ndsledné injektované
cementovou maltou.

V zavislosti na geologickych podminkdch byl na zaji§tén{
vyrubu pouzivan stfikany beton s rozptylenou vyztuzi
z ocelovych vldken ve dvou tfidach energetické pohltivosti
E700 a E1000. Tloustka stfikaného betonu se podle zastiZené
geologie pohybovala mezi 8 a 25 cm.

Ve zhorSenych geologickych podminkéch se pouZzivaji i dalsi
zajistovaci prvky jako predem hnané jehly a pro Norsko speci-
fické skaln{ pasy (obr. 5). V kombinaci se svorniky slouZzi skal-
ni pasy k zajisténi volného konce jehel.

Veskeré prace na razbé tunelu provadél Metrostav a.s.,
Divize 5, vlastnimi kapacitami.

Stav praci

V soucasné dobé (leden 2016) probihaji v tunelu prace na
¢isténi dna tunelu, montézi trvalé drendze a izolaci proti vodé
a mrazu (obr. 6). Ta byla v duasledku zvodnén{ vyrubu investo-
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Obr. 4 Veitastrond — optimalizace komunikace a protilavinovy val
Fig. 4 Veitastrond — optimisation of the road and the avalanche protection
embankment

zones was confirmed and the excavation did not require injecting
grout into the ground. Several discontinuity systems with frequent
filling with clay caused problems with drilling and charging holes
for firing. Communication between individual boreholes, even
complete loss of water flush was a very frequent phenomenon.

Tunnel excavation using the Drill & Blast method

The tunnel excavation using the Drill & Blast method proceeded
from August 2014 to November 2015, with a planned six-month
winter break. It was based on the application of blasting with mil-
lisecond non-electric firing, with the common excavation round
length of 5Sm. The use of pumped emulsion explosives was
a commonplace. A reduced-length excavation advance round of ca
2.5m was chosen in locations with worsened geology.

Muck was loaded and transported out classically using 4- and 6-
wheeled dumpers and a wheeled front-end loader with a side tip-
ping dump bucket. Despite the restricted conditions of the T5.5
profile, muck was loaded directly at the heading, without the
necessity for loading recesses. Mechanical and subsequent manual
scaling of the excavation showed itself to be the critical operation
necessary for safe execution of the next step. Rock bolts with
mechanically expanded ends, subsequently injected with cement
grout, were mostly used.

Two energy absorption classes E700 and E1000 were applied to
the steel fibre reinforced shotcrete used for the excavation support,
depending on geological conditions. The thickness of shotcrete
varied between 8 and 25c¢m, depending on the geology encountered.

Even other support elements, such as forepoling and rock strips
specific for Norway (see Fig. 5) are used in worsened geological
conditions. The rock strips in combination with rock bolts serve to
stabilise the loose ends of spiles.

All the work on the tunnel excavation was carried out by
Division 5 of Metrostav a.s. own capacities.

Works state

At the moment (January 2016) the tunnel bottom is being clea-
ned, permanent drainage is being installed and waterproofing and
frost penetration insulation is being applied (see Fig. 6). The extent
of the waterproofing and the frost penetration insulation was inc-
reased by the client from original ca 60% to 100% of the tunnel
excavation surface. In the Lindeskreda area, the road diversion and
the construction of the avalanche protection embankment is befo-
re completion. Unfortunately, due to a mistake made by the project
owner in the calculation for the volume of muck and due to higher
consumption of material for filling the lake, the avalanche protec-
tion embankment will probably remain unfinished. The current
milestone for handing the tunnel over for the installation of the
equipment and electrical services is the beginning of April 2016.
External reinforced concrete portals will be carried out and the



25. roénik - €. 2/2016

Obr. 5 Veitastrond — skalni pdsy pred zastiikdnim betonem
Fig. 5 Veitastrond — rock strips before covering them with shotcrete

rem navySena z puvodnich cca 60 % na 100 % povrchu tune-
lu. V oblasti Lindeskreda je dokoncena prelozka komunikace
a stavba protilavinového valu je pred dokoncenim. Bohuzel
chybou zadavatele v kalkulaci objemu rubaniny a vlivem vetsi
spotieby materidlu na zdsyp jezera nebude nejspis protilavino-
vy val dokonéen. Aktudlni milnik pro predani tunelu pro mon-
tdz technologie a elektro je zacatek dubna 2016. Nasledné
povrch komunikace. Termin uvedeni celého dila do provozu je
zari 2016.

Shrnuti — Veitastrond

V roce 2014 zacal Metrostav a.s. ve sdruZeni s mistni firmou
Havnen Anlegg AS budovat soubor protilavinovych opatieni
na silnici ¢. 337 v Norsku. V dobé psani ¢lanku jsou dspésné
dokonceny razby a probihaji dokoncovaci prace.

TUNEL JOBERG

V roce 2015 zahdjil Metrostav a.s., jako svij druhy tunelovy
projekt v Norsku vystavbu tunelu Joberg s celkovou délkou
razeb 2040 m. Tento projekt je realizovan za tcelem optimali-
zace silnice Rv. 13 v ¢asti pod vrchem Joberget. Metrostav
a.s. buduje tento projekt ve sdruzeni s mistnim partnerem, spo-
le¢nosti Bertelsen & Garpestad.

Stavajici komunikace Rv. 13 je vedena na brehu jezera
Granvinsvatnet pod skalni sténou, kterd je znacné navétrald
a dochdzi zde k Castym skalnim ficenim. Projekt je soucdsti
celkové optimalizace dopravni tepny z Bergenu do Osla pod
nazvem Prosjekt Vossapakko.

Tunel se sklddd z 1950 m dlouhé C&dsti raZzené metodou
Drill&Blast, 90 m razby vyuZitim principt NRTM a cca
1100 m vnéjSich cest na povrchu. Teoreticky profil vyrubu
tunelu T9.,5 je 70,43 mZ2. V tunelu se nachdzeji 4 nouzové zali-
vy v profilu vyrubu T13,5 s 93,97 m?. Dva z téchto zdlivu
obsahuji technické komory, které jsou kolmé na osu tunelu
v délkach 23,5 m.

Smérové a sklonové pomeéry razeb

Razby budou, vzhledem k velmi krdtké dobé realizace
vyplyvajici z pozadavkl investora, vedeny z obou portald.
Razby ze zdpadu byly zahdjeny ke konci fijna 2015 a doposud
probihaly dovrchné se sklonem 1,1 % do tfetiny délky tunelu,
kde se nachdzi vyskovy lom trasy v urovni 42,57 m n. m. Trasa
tunelu nasledné klesa k vychodu pod stejnym sklonem. Pri¢ny
ndklon tunelu je 3-8 %. Zahdjeni raZzeb z vychodniho portalu
bylo pldnované na dnor 2016 a kromé vySe zminénych 90 m
razeb pomoci principt NRTM se ocekdvd dalSich zhruba
300 m metodou Drill&Blast.

road surface will be laid subsequently. The deadline for bringing
the whole working into service is September 2016.

Summary — Veitastrond

In 2014, Metrostav a.s., in consortium with a local company
Havnen Anlegg AS, started to implement a complex of avalanche
protection measures on the road No. 337 in Norway. The tunnel
excavation is currently successfully complet and the finishing
work is underway.

JOBERG TUNNEL

In 2015, Metrostav a.s. commenced the construction of the
Joberg tunnel with the total length of 2040m as the second tunnel
construction project in Norway. This project is realised for the pur-
pose of optimising the Rv. 13 road in the part under Joberg Hill.
Metrostav a.s. realises this project in a consortium with a local
partner, the company of Bertelsen & Garpestad.

The existing Rv. 13 road lies on the bank of Granvinsvatnet lake,
under a significantly weathered rock wall where rock falls are
quite a frequent phenomenon. The project is part of the overall
optimisation of the thoroughfare from Bergen to Oslo named
Prosjekt Vossapakko.

The tunnel consists of a 1950m long part driven using the
Drill&Blast method, 90m long part driven using the NATM prin-
ciple and ca 1100m of external at-grade roads. The theoretical exca-
vated cross-sectional area of the T9.5 tunnel is 70.43m?2. There are
4 emergency parking bays in the T13.5 tunnel profile (excavated
cross-sectional area of 93.97m?). Two of these bays contain 23.5m
long technology chambers perpendicular to the tunnel axis

Horizontal and vertical alignment of the excavation

With respect to the very short realisation period following from
client’s requirements, the tunnel will be driven from both portals.
Tunnelling from the west commenced at the end of October 2015.
Till now it has proceeded uphill at the gradient of 1.1% up to one
third of the tunnel length, where a break in the elevation is located
at the altitude of 42.57m a.s.l. The tunnel alignment subsequently
descends east on a uniform gradient. The transverse tilt of the tun-
nel is 3-8%. The commencement of the excavation from the eas-
tern portal was planned for February 2016 and, apart from the
above-mentioned 90m of excavation using the NATM principles,
additional 300m is expected to be driven using the Drill&Blast
method.

The horizontal alignment of the tunnel leads from the west to the
east, first straight and subsequently on directional curves with the
radii R=2000m and R=8000m.

Geological conditions in the area of operations
and the excavation from the western portal

The western portal is designed to be in a rock wall. During the
current course of the excavation from the west, 375m of the tunnel
excavation were completed as of the end of January. The excavati-
on advance rate was to a certain degree affected by very small
advance rates in the initial thirty metres. In this part of the tunnel
the client required excavation with the support with in-situ realised
Norwegian frames with length of excavation rounds reduced to
2-3.5m (i.e. reinforcement bars bent in advance, anchored to the
excavation surface with rock bolts and covered with a shotcrete
layer). The main reason for this measure lied in low overburden
and significant fracturing of the rock mass. Relatively compact
quartziferous rock mass, fine-graded, grey to dark-grey, moderate-
ly aligned and thinly bedded, categorised as gneiss with the uncon-
fined compressive strength of 150-300MPa.

Three main systems of discontinuity surfaces marked D1, D2
and D3 have been documented on the tunnel route till now. The
most marked discontinuities are discontinuities D1 dipping stee-
ply approximately to the west (260°-290°/70°-90°). Because the
current excavation proceeds approximately east, the discontinuity
surfaces D1 are oriented unfavourably for the excavation. The



Obr. 6 Veitastrond - instalace izolaci proti vodé a promrzdni
Fig. 6 Veitastrond — installation of insulation against water seepage and frost
penetration

Smeérove je tunel veden od zdpadu k vychodu nejprve v pri-
mé linii a nasledné ve smérovych obloucich o polomérech
R=2000 m a R=8000 m.

Geologické poméry zajmového tzemi a razba
ze zapadniho portalu

Zépadni portdl je situovan do skalni stény. V dosavadnim pra-
béhu razeb ze zdpadu bylo ke konci ledna vyraZzeno 375 m.
Razby byly do jisté miry ovlivnény velmi pomalymi postupy
v prvnich tficeti metrech. V této ¢dsti tunelu investor vyZzadoval
raZbu s podporou norskych in-situ realizovanych rdma se zkra-
cenou délkou nakroceni v délkach 2-3,5 m (tj. predohyband pru-
tova vyztuz zakotvend svorniky do vyrubu s naslednym prekry-
tim vrstvou stifkaného betonu). Hlavnim divodem k tomu bylo
nizké nadloZzi a zna¢nd rozpukanost horninového masivu.
V dalsi doposud vyrazené Casti tunelu byly zastiZzeny relativné
kompaktni prokfemenélé skalni horniny — pevné, jemnozrnné,
Sedé az tmavé Sedé barvy, mirné usmérnéné a tence vrstevnaté,
zatridéné jako rula s pevnosti v prostém tlaku 150-300 MPa.

V trase tunelu byly do této chvile dokumentovdany tfi hlavni
systémy ploch nespojitosti oznacené D1, D2 a D3. Nejvy-
raznéjsi jsou diskontinuity D1 sklonu strmé cca k zdpadu
(260°-290°/70°-90°). JelikoZ prozatim razba probihd pfiblizné
smérem k vychodu, jsou plochy nespojitosti D1 vici razbé
nepriznivé orientovany. Dochazi po nich k oddélen{ horniny ve
vertikdlnim sméru, na Celbé jsou patrné Cetné ohlazy systému
D1. Dalsi systém puklin D2 ma orientaci sklonu strmé cca k jihu
(180°-210°/70°-80°). Posledni vyrazny systém diskontinuit je
subhorizontdlni se sklonem cca 5°-15° smérem k vychodu
(80°-100°/5°~15°). Pukliny jsou misty s vyplni oxida Fe, Mn.

Vyrub byl doposud v prubéhu razby prevazné suchy. Pouze
v priportdlové Cdsti byly dokumentovany soustiedéné pritoky
povrchové vody do razeného dila z pristropi. Vydatnost téchto
pritoku je do 0,01 1/s.

Neposlednim problémem, ktery muZe nastat, je moZnost
vyskytu horninovych tlaka vlivem vysokého nadloZi. Vrcholky
horského masivu, v jehoZ tibo¢i je tunel situovan, dosahuji seve-
rovychodné od tunelu az 900 metru nad motrem. Nadmorskd
vyska trasy tunelu se pritom pohybuje jen kolem 40 m n. m.
Zprava z geologického pruzkumu konstatuje, Ze vyskyt horni-
novych tlaki je mozny a7 ve dvou tretindch trasy tunelu.
Problémy s tunelovanim v morénovych sedimentech

Vyrazné nepriznivéjsi je geologickd situace na vychodnim
portdlu, ktery je situovan do oblasti morény. V dobé psani pris-
pévku stéle probihaji prace na prohlubovani a vystrojovani zédre-
zu (obr. 7). Pfi hloubeni jamy byly dokumentovany rozdilné
typy zemin. Zastoupeny byly predev$im jemnozrnné zeminy
(hliny + jily) s ¢etnym vyskytem kamenu (prumér do 30 cm).
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rock mass is split along them vertically and numerous slickensi-
des are visible on the discontinuity surfaces of the D1 system at
the excavation face. The next system of fissures D2 dips steeply
approximately to the south (180°-210°/70°-80°). The last marked
system of discontinuities is sub-horizontal, dipping at approxima-
tely 5°—15° to the east (80°—~100°/5°-15°). Fissures are locally fil-
led with Fe and Mn oxides.

The excavated opening has so far been mostly dry. It was only in
the portal part that concentrated inflows of surface water from the
top heading to the excavated opening were documented. The inflow
yield is up to 0.01L/s.

Another problem which can be faced is the possibility of encoun-
tering rock pressures due to high overburden. The peaks of the mas-
sif under the mountainside under which the tunnel is located reach
in the north-east the altitude up to 900m above sea level. The tun-
nel route altitude is around 40m a.s.l. The report from the geologi-
cal survey states that the occurrence of rock pressures is possible
along up to two thirds of the tunnel route.

Tunnelling problems in moraine sediments

Markedly more unfavourable geological situation exists at the
eastern portal, which is located in a moraine area. As of today, the
work on deepening and supporting the cutting is still underway (see
Fig. 7). Different types of soils were documented during the course
of the construction pit excavation. Fine-grained soils (loams + clays)
with frequent occurrence of boulders (up to 30cm in diameter) were
present most of all. Rock blocks up to 2.5m in diameter were also
found. According to the completed geological survey and according
to current experience from the execution of the construction pit it is
possible to expect that the construction of the initial ca 90m of the
tunnel will be significantly complicated. The tunnelling operations
will encounter a very heterogeneous environment. Fine-grained to
sandy soils with the possibility of gravel lenses will be present. It
can be expected that all of that will be abundantly interspersed with
stones and even boulders (see Fig. 8).

According to the EG survey, the above-mentioned mixed sedi-
ments will be encountered at the beginning of the construction,
covering the entire excavation face. With the excavation procee-
ding, the moraine sediments will gradually recede to the overbur-
den. With respect to this fact it is possible to expect that the disin-
tegration of the heterogeneous face will be problematic. The bed-
rock formed by metamorphic rock types (gneiss and phylite are
described) will begin to appear first in the bench and later also in
the top heading. According to the longitudinal section, hard rock
will cover the whole tunnel cross-section about 80m from the por-
tal. The transition from the NATM to the Drill&Blast method is
expected at the distance of ca 90m from the portal.

Obr. 7 Joberg — vrtny vuz v zdrezu pred vrtdnim mikropilotového destniku
Fig. 7 Joberg — drilling rig in the cutting before drilling for the canopy tube
pre-support
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Pritomny byly rovnéZ balvany (prumér az 2,5 m). Podle prove-
deného geologického prizkumu a podle dosavadnich zkuSenosti
z vystavby jamy lze predpoklddat, Ze vystavba prvnich cca 90 m
tunelu bude zna¢né komplikovand. Razbami bude v tomto dseku
zastizeno velmi heterogenni prostredi. Zastoupeny budou zemi-
ny jemnozrnné az pis¢ité s moznosti Stérkovych Cocek. Vse bude
hojné prostoupeno kameny a lze oCekdvat i balvany (obr. 8).

Vyse popsané smésné sedimenty se podle inZenyrskogeolo-
gického pruzkumu budou vyskytovat na pocdtku vystavby
v celém profilu Celby. S postupem razby zacnou sedimenty
morény ustupovat do nadlozi. Vzhledem k tomu lze ocekdvat
problematické rozpojovani heterogenni Celby. Skalni podlozi
budované metamorfovanymi horninami (popisovédny jsou ruly
a fylity) se zaCnou objevovat nejprve v opéfi a pozdé€ji i v kalote.
Cca 80 m od portdlu bude podle podélného fezu v celém profi-
lu tunelu jiz skalnf hornina. Ve vzddlenosti cca 90 m od portélu
se ocekdva prechod z principt NRTM na metodu Drill&Blast.

Podzemni voda je v geologickém prizkumu zminéna jen okra-
jové, nicméné pii odtéZzovani portdlu byly zastizeny soustiedéné
pfitoky podzemni vody s intenzitou jednotlivych prament v zd-
vislosti na srazkach. Po délce razeného tunelu je v oblasti morény
vybudovéna sit’ péti studni pro snizovani hladiny podzemni vody.
Pro odvodnéni predpoli Celby budou realizovany systematicky
odvodnovaci vrty. Zérez je monitorovén vertikdlnimi inklinomet-
ry, tlakovymi poduskami a siti konvergencnich boda.

Shrnuti — Joberg

K 3. 2. 2016 bylo vyraZzeno necelych 20 % celkové délky
tunelu. Zbyvajici vetsi ¢ast trasy dila s vySe popisovanymi
vyzvami, jako je vysoké nadlozi, nebo razby ledovcovou
morénou, tak budou realizovany teprve v ndsledujicich mési-
cich a autor se jim bude podrobnéji vénovat v samostatném
prispévku.

ZAVER

Podminky pro stavebni ¢innost v severskych stdtech se zdsad-
né odlisuji od podminek v domadacim prostredi. Zatimco
v Ceskych podminkdch, zejména v okoli Prahy se nalézaji ve
veétsi mife horniny mékéi a relativné nizké nadlozi, pro island-
ské i norské tunely jsou typické horniny tvrdé a vySka nadloZi se
méfi ve stovkdch metrti. B€hem razby se Casto zastihuji i zdroje
tlakové vody, mnohdy s vydatnymi pritoky.

Rovnéz tu panuji velmi tvrdé klimatické vlivy s dlouhou
zimou doprovdzenou velkym mnoZstvim snéhovych srazek.

V soucasné dobé jiz lze tici, Ze pracovnici Metrostavu a.s. tuto
nelehkou vyzvu prace v naro¢nych podminkach zvladli a dafi se
jim plnit terminy vystavby.

Islandsky tunel Nordfjordur a norsky tunel Veitastrond jsou
dspésné prorazené. Nyni probihaji dokonCovaci prace. Stavba
dal$iho norského tunelu Joberg je na zacatku realizace.

Spole¢nost Metrostav a.s. aktivné pisobi na severském staveb-
nim trhu s tfiletou prestavkou od roku 2006. Celkové jiZz pomoci
osvojené metody Drill&Blast vyrazila pres 22 km silni¢nich
a Zelezni¢nich tuneld. Kromé Islandu a Norska bylo Metrostavem
a.s. uspésné realizovéno také nékolik projekti ve Finsku.

Ing. ALES GOTHARD, ales.gothard@metrostav.cz,
Ing. PAVEL BURGEL, pavel.burgel@metrostav.cz,
Ing. IVAN PIRSC, ivan.pirsc@metrostav.cz,
Metrostav a.s., Divize 5
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Obr. 8 Joberg — balvany z hloubeni zdrezu v ledovcové moréné
Fig. 8 Joberg — boulders from the excavation of the cutting in the glacier moraine

Groundwater is mentioned in the geological survey only margi-
nally. Nevertheless, concentrated groundwater inflows with the
intensity of individual springs depending on precipitation were
encountered during the excavation at the portal front end.
A network of five wells lowering the water table was established
along the mined tunnel length in the area of the moraine. Drainage
boreholes will be realised for draining the area ahead of the face.
The cutting is monitored by vertical inclinometers, pressure cells
and a network of convergence measurement points.

Summary — Joberg

As of 03/02/2016, nearly 20% of the total length of the tunnel
excavation has been finished. The remaining greater part of the tun-
nel route with the above-mentioned challenges, such as high over-
burden or excavation through the glacier moraine, will be realised
during the coming months and the author will dedicate himself to
them in a separate paper.

CONCLUSION

Conditions for construction work in the Nordic countries funda-
mentally differ from the conditions existing in the domestic envi-
ronment. Whilst we encounter, to a greater extent, weaker rock types
and relatively shallow overburden in Czech conditions and first of
all in the surroundings of Prague, hard rock types and overburden
heights measured in hundreds of metres are typical for Icelandic and
Norwegian tunnels. Even water under pressure, often with substan-
tial inflows, is frequently encountered during tunnel excavation.

In addition, very harsh climatic effects with long winter seasons
accompanied by a large amount of snowfall exist there.

It is currently possible to say that Metrostav a.s. employees have
successfully coped with the challenge of working in the difficult
conditions and managed to fulfil construction deadlines.

The Icelandic Norofjordur and Norwegian Veitastrond tunnels
have been successfully broken through. At the moment the finis-
hing work is underway. The construction of another Norwegian
tunnel, Joberg, is at the beginning of the realisation.

The company of Metrostav a.s. has been active on the Nordic con-
struction market since 2006, with a 3-year interruption. It has finis-
hed the excavation of over 22km of road and railway tunnels using
the Drill&Blast method. Apart from Iceland and Norway, Metrostav
a.s. has successfully completed several projects in Finland.

Ing. ALES GOTHARD, ales.gothard@metrostav.cz,
Ing. PAVEL BURGEL, pavel.burgel@metrostav.cz,
Ing. IVAN PIRSC, ivan.pirsc @metrostav.cz,
Metrostay a.s., Divize 5
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RAZBA TUNELU EJPOVICE
DRIVING THE EJPOVICE TUNNEL

STEFAN IVOR, PETR HYBSKY, VACLAV ANDEL, KAREL ROSSLER,
MILAN MAJER

ABSTRAKT

Ejpovické tunely jsou prvnimi v systému Ceské Zeleznicni site, jejichZ razba je provddéna metodou mechanizovaného tunelovdni. Dva
odlisné geotypy mékké bridlice a tvrdé a pevné spility v trase tunelu si vyZddaly nasazeni tunelovaciho stroje, ktery v sobé kombinuje jak
princip a konstrukci zeminového Stitu do mékkych hornin, tak i princip a konstrukci raziciho stroje do pevnych skalnich hornin. Razba
tivodniho, zhruba 3 km dlouhého tiseku v promeénlivych geologickych podminkdch si vyZddala radu resSeni a opatreni pro zajisténi bez-
pecnosti raZeb.

ABSTRACT

The Ejpovice tunnels are the first tunnels within the Czech railway network system which are driven using a mechanised tunnelling
method. Two different genotypes of weak shale and hard and massive spilite along the tunnel alignment required the application of a
Tunnel Boring Machine (TBM) combining in itself both the principle of an Earth Pressure Balance (EPB)shield for weak ground and the
principle and structure of a hard rock TBM. Driving the initial, approximately 3km long section through variable geological conditions

required numerous solutions and measures for providing the excavation safety.

CHARAKTERISTIKA PROJEKTU MODERNIZACE TRATI
ROKYCANY — PLZEN

Tunely Ejpovice jsou soucdsti rozsahlého liniového staveb-
nitho projektu nazvaného ,,Modernizace trati Rokycany —
Plzen“. StéZejnim cilem tohoto projektu je dosazeni jizdni
doby na dseku z Prahy do Plzné pod 1 hodinu z hlavniho nad-
razi v Praze na hlavni nddrazi v Plzni. V samotném udseku
Rokycany — Plzen se oproti stavajicimu stavu predpoklada
casovd dspora pro vlaky R a Sp cca 9 minut.

Navrhova rychlost 160 km/h si v ¢asti useku vyzadala nové
trasovani Zeleznic¢ni trati, které vedlo k realizaci novych inZe-
nyrskych staveb, z nichZ nejvyznamnéjsi jsou prave tunely. Ty
jsou navrzeny jako dva jednokolejné, kazdy délky cca
4150 m. Pii¢ny tez je kruhovy, svétlého pruméru 8,7 m.
Osténi je navrzeno jako dilcové, sloZené z prefabrikovanych
betonovych segmentu (obr. 1), jeZ jsou v horniné stabilizova-
ny pomoci dvoukomponentni vypliové injektaze.

HYBRIDNI TUNELOVACI STROJ

Zhruba 3,3 km trasy obou tunelu prochdzeji mékkymi brid-
licemi razného stupné zvétrani pod vrchem Homolka a 0,7 km

Obr. 1 Prdce pred jizni tunelovou troubou Ejpovickych tunelii se smontova-
nym drdtkobetonovym segmentovym osténim

Fig. 1 Working in front of the southern tube of the Ejpovice tunnels with
completed steel fibre reinforced segmental lining

CHARAKTERISTICS OF THE ROKYCANY — PLZEN RAIL
TRACK MODERNISATION PROJECT

The Ejpovice tunnels are parts of an extensive linear con-
struction project named “The modernisation of the Rokycany
— Plzen rail track”. The crucial objective of this project is to
achieve the travel time in the section from Prague to Plzen,
from the main railway station in Prague to the main railway
station in Plzen, shorter than 1 hour. In the Rokycany — Plzen
section itself, time saving of ca 9 minutes are expected for
fast trains and local express trains.

The design speed of 160km/h required a new alignment of
the rail track, which led to the realisation of new civil engi-
neering structures. Tunnels are the most important of them.
They are designed as a pair of single-track tunnel tubes, each
ca 4150m long. The cross-sections are circular with the net
diameter of ca 8.7m. Pre-fabricated concrete segments are
designed for the segmental lining (see Fig. 1). The segments
are stabilised in ground by means of two-component backg-
routing.

HYBRID TUNNEL BORING MACHINE

Approximately 3.3km of the alignment of both tunnels pass
through weak shales of various degrees of weathering under
Homolka Hill and 0.7km pass through hard and massive spi-
lites under Chlum Hill (see Fig. 2). It was necessary in the
environment formed by weathered and fractured to cope with
an instable excavation face and to drive the tunnel with the
active support to the excavation face. The environment for-
med by spilite provides stable excavation conditions, but the
excavation will be complicated by difficult cuttability and
high consumption of cutting tools.

Conventional tunnelling methods are advantageously used
in the significantly variable geological conditions. The reason
is that when they are applied it is possible basically immedia-
tely to respond to changes in the environment, both by chan-
ging the ground disintegration method and by changing the
system of the excavation face support. Designers developed
hybrid machines so that even the mechanised tunnelling met-
hod could be effectively upheld in such the conditions.
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Fig. 2 Schematic expecteded longitudinal geological section through the southern tunnel tube

tvrdymi a pevnymi spility pod vrchem Chlum (obr. 2).
V prostredi zvétralych a porusenych bridlic bylo nutné vypo-
fddat se s nestabilni ¢elbou a razit s aktivni podporou &elby.
Prostredi spilitu poskytuje stabilni vyrub, razby vSak budou
zt€zovany obtiznou rozpojitelnosti a spotfebou feznych
nastroju.

Ve vyrazné se ménicich geologickych podminkédch se
s vyhodou uZzivaji konven¢ni metody tunelovéni. Pfi jejich
aplikaci je totiZ mozné na zménu prostredi reagovat v podstaté
ihned, a to jak zménou zpusobu rozpojovani horniny, tak
i zménou zpusobu zajidténi vyrubu. Aby v takovych podmin-
kdch mohla efektivné obstdt i metoda mechanizovaného tune-
lovdni, vyvinuli konstruktéfi stroje hybridni.

Jejich podstata tkvi v tom, Ze kombinuji alespon dva ruzné
principy mechanizovaného tunelovani. Hybridnf stroje mohou
byt vyrobeny bud jako pfestavitelné (convertible tunneling
machines), u nichZ je pro zménu reZimu razby nutny kon-
struk¢ni zdsah do stroje, nebo stroje viceucelové (multi-mode
tunneling machines), nevyzadujici pro zménu rezimu razby
konstrukéni zdsah do stroje.

Druhy hybridnich stroju jsou patrné z obr. 3. Mohou byt
usporadany jako stroje hardrock (razici stroje do pevnych
skalnich hornin) v kombinaci se zeminovym ¢i bentonitovym
Stitem, resp. jako kombinace zeminového a bentonitového
Stitu.

Pro podminky raZeb Ejpovickych tuneld byl nasazen hyb-
ridni konvertibilni tunelovaci stroj, ktery je v zdsadé zemino-
vym §titem, nabizi v§ak moZnost prestavby pro rezim raziciho
stroje v pevnych hornindch (hardrock TBM). Stroj Viktorie
(obr. 4) byl vyroben v némecké tovarné Herrenknecht
s typovym oznacenim S-799.

Osténi tuneld raZenych zeminovymi $tity je tvoreno beto-
novymi prefabrikdty (segmenty), které S§tit pouZzivd jako
oporu pro pritlak fezné hlavy. TBM navrzené pro pevné
a stabilni horniny typicky pouZivaji pro zaji§téni vyrubu oce-
lové ramy, kotvy, sité a stiikany beton a jako oporu pro pri-
tlak fezné hlavy vyuZivaji radidlni pritla¢né lisy vzeprené do
stén vyrubu. Z divodi kombinace obou reZimu hybridni
tunelovacf stroj pro Ejpovice instaluje prefabrikované dilco-
vé osténi jak v reZimu zeminového $titu, tak i v rezimu TBM
v pevné horniné.

Osténi bylo navrZeno na zatizeni od horninového prostredi,
na manipulaén{ zatiZeni a tlaky pfitlatnych lisu, které byly pro
navrh 40 cm tloustky osténi rozhodujici. Segmenty byly vyrobe-
ny z betonu s rozptylenou vyztuzi tridy C45/55. V okoli propo-
jek jsou segmenty vyrobeny ze Zelezobetonu s prutovou vyztuZzi.

They are based on combining at least two different princip-
les of mechanised tunnelling. Hybrid tunnel boring machines
can be manufactured either as convertible machines, where
a structural intervention is required for changing the excava-
tion mode, or multi-mode tunnelling machines requiring no
structural intervention for changing the excavation mode.

The types of hybrid machines are presented in Fig. 3. They can
be arranged as hard rock machines in combination with an earth
pressure balance shield (EPB) or a slurry pressure balance (SPB)
shield, or as a combination of an EPB and SPB shields.

A hybrid convertible tunnelling machine was deployed for
the conditions of the Ejpovice tunnels excavation. It is, in
substance, an earth pressure balance tunnel boring machine,
but it offers the possibility of being converted for the hard
rock tunnel boring machine. Viktorie TBM (see Fig. 4) was
manufactured in Herrenknecht’s German factory under the
type marking S-799.

The lining of tunnels driven using EPB TBMs consists of pre-
cast concrete segments, which are used by the shield as a support
for the cutterhead thrust. TBMs designed for hard and stable
rock typically use steel frames, anchors, welded mesh and shotc-
rete for the excavation support. They use radial grippers bracing
against the excavation walls as a support for the cutterhead
thrust. Because of the combination of the two rmodes, the hyb-
rid TBM designed for Ejpovice installs the pre-fabricated seg-
mental lining in both EPB and hard rock modes.

The lining was designed for loads from the surrounding
ground mass and handling loads and pressures induced by

Tab. 1 Zdkladni parametry stroje
Table 1 Basic parameters of the machine

typ stroje prestavitelny — EPBM/hardrock
machine type convertible - EPBM/hard rock
primér fezné hlavy 9 840 mm
cutterhead diameter 9 840mm
délka v¢. zavésu 115 m
length incl. trailing gear 115m
hmotnost v¢. zavésu 1800t
weight incl. trailing gear 1 800t
instalovany vykon 6 200 kW
installed capacity 6 200kW
provozni tlak 4 5bar
operating pressure 4.5bar
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Obr. 4 Viktorie — konvertibilni tunelovaci stroj pro raZbu Ejpovickych tunelu
Fig. 4 Viktorie — the convertible TBM for driving the Ejpovice tunnels

v tunelu a razba propojek muZe probihat soubézné se strojni
razbou nebo pfi stéhovani §titu k opétovnému zahdjeni razeb.

VYROBA PREFABRIKOVANYCH SEGMENTU

Vyroba segmenti prefabrikovaného osténi byla zahdjena
s asi pulro¢nim predstihem pfed samotnym zahédjenim raZeb.
Je treba, aby segmenty v dobé zabudovavani do konstrukce
tunelové trouby mély minimdlné osmadvacetidenni pevnost,
a zdroven aby predzdsobeni bylo dostate¢né s ohledem na
predpoklddané maximalni vykony tunelovaciho stroje.

Pri vyrobé betonovych segmenti s rozptylenou vyztuZi je
zcela kli€ové spravné rozptyleni vyztuze. Ocelové dratky jsou
pomoci ddvkovaciho zafizeni rovnomeérné rozprostfeny na
pasovy dopravnik. Pds dratky undsi a ty jsou ndsledné zasy-
pény kamenivem. Takto naddvkované dratky spolu s ka-
menivem se presunou do skipu, ktery materidl vyveze k bubnu
michacky.

Proces michdni je rutinné se opakujici zélezitost, spocivaji-
ci v nékolika krocich. V prvnim kroku probihd zavéazeni
kameniva do pripravenych kéji. Z kéji vypadd kamenivo na
dopravnikovy pds (a zasype jiz naddvkované ocelové dratky),
ktery slouzi soucasné jako vdha kameniva. Po zvdZzeni kame-
niva se veskeré kamenivo, vSechny potrebné frakce a drétky
pro michani dopravi do koSe na beton tzv. ,,skipu®. Tento ko§
vysype kamenivo a dratky do bubnu michacky, kde se sypké
kamenivo promichd. Po promichani se pfidd cement, voda
a prisady do betonu. Po priddni veSkerych surovin zaCind
samotny michaci cyklus, ktery trvd 60—300 sekund. Receptura
smési se prubéZzné optimalizuje zejména podle klimatickych
podminek a s tim je spojena i tprava doby michéni.

Pro bednéni tvaru prefabrikati se pouZzivaji ocelové stacio-
narni formy, které vyrdbi specializovand firma Herrenknecht
Formwork Technology GmbH. Typy jednotlivych forem jsou
podle tvaru vysledného segmentu oznaceny pismeny A az H.
Kazda forma je osazena na osmi betonovych patkdch, na kte-
rych jsou ddle umistény silent bloky pro tlumeni vibraci jdou-
cich do podlozky a pro tlumeni hluku. Pod kaZzdou formou
jsou pripevnény vibratory, které zajistuji rovnomérné rozmis-
téni smési v celé plose segmentu a vytlaéeni vzduchu. V horni
¢asti jsou formy opatieny zdklopy, které po zavreni vymezuji
betondz.

Pred samotnou betondzi se formy osadi vystrojovacimi
prvky a gumovym tésnénim. Betondz se provadi specidlné
navrZzenym koSem na beton, $térbina pro betondZ kopiruje
délku segmentu, a tim je zajiSténo rozlévani betonu do celé

elements remain embedded in the lining permanently. They
help in the ring building phase to ensure the assembly accu-
racy. Metrostav a. s. applied its patented solution for ensuring
the composite action of segments and rings in the surroun-
dings of the future cross-passages. In the location where the
lining is to be broken out for the excavation of cross passages
this solution secures the load-bearing capacity, rigidness and
waterproofing capacity of the rings. The advantage of this
solution is that it does not require supporting frames, there-
fore it allows for continual operation in the tunnel with the
cross passage excavation proceeding concurrently with the
mechanical excavation or when the TBM is being dismant-
led.

PRODUCTION OF PRE-CAST SEGMENTS

The production of pre-cast lining segments commenced ca
six months in advance of the commencement of the tunnel
excavation. It is necessary that at least the 28-day strength of
the segments is reached at the moment of their incorporation
into the tunnel tube structure and, at the same time, the
advance stockpiling is sufficient with respect to the anticipa-
ted maximum performance of the TBM.

Proper dispersion of reinforcing fibres is crucial during the
production of fibre reinforced concrete segments. Steel fibres
are uniformly spread on a belt conveyor by means of a dosing
unit. The belt carries the steel fibres onward and aggregates
are subsequently poured on them. The steel fibres and aggre-
gates dosed in this way are moved to a skip, which carries
them to the mixer drum.

The process of mixing is a routinely repeating matter lying
in several steps. In the first step aggregates are carried to pre-
pared bins. Aggregates fall from the bins on the belt convey-
or (and cover the already dosed steel fibres). The belt conve-
yor concurrently serves to weigh the aggregates. After weig-
hing the aggregates, all aggregates, all fractions and steel fib-
res required for mixing are transported to a concrete skip. The
aggregates and steel fibres are poured from the skip to the
mixing drum, where the loose aggregates are mixed up. After
mixing them, cement, water and concrete additives are added.
After all materials are added, the mixing cycle itself, taking
60-300 seconds, starts. The mixture formula is continuously
optimised, first of all with respect to climatic conditions.
Even the adjustment of the mixing time is associated with it.

Stationary steel moulds manufactured by a specialised firm
Herrenknecht Formwork Technology GmbH are used. The
types of particular moulds are marked by letters A through to
H, depending on the shape of the resultant segment. Each
mould is mounted on eight concrete footings having silent
blocks for dampening vibrations transmitted to the support
and attenuating noise on their tops. Vibrators ensuring uni-
form distribution of the mixture within the whole segment
surface and expelling air are fixed under each mould. In the
upper part the moulds are provided with decks which, after
closing, delimit the casting of concrete.

Fittings and the rubber gaskets are installed in the mould
before casting of concrete. Concrete is cast using a specially
designed bucket; the slot for casting copies the segment
length, thus spreading of concrete over the whole surface of
the segment under preparation is ensured. When the concre-
te starts to set, the decking is lifted and the outer surface of
the segment is treated with finishing trowels. This finish is
first of all necessary with respect to the subsequent handling
of the segments using vacuum-assisted lifters requiring



Obr. 5 Montdz tunelovaciho stroje S-799 pred vychodni portilovou sténou
Fig. 5 Assembly of the S-799 TBM in front of the eastern portal wall

plochy betonovaného segmentu. Takto zabetonovany seg-
ment se nechd zavadnout a ndsledné dochdzi ke zvednuti
zéklopu a ru¢nimu hlazeni rubu segmentu. Vyhlazeni je pre-
dev8im provadéno z duvodu nésledné manipulace se seg-
menty pomoci vakuovych zvedalu, pro které je zapotiebi
hladny povrch. Po dosaZeni poZadované pevnosti pro mani-
pulaci jsou segmenty vyjmuty z forem a otdceny do findlnich
pozic, ve kterych jsou naddle skladovany. Skladovani seg-
mentu je uspordddno ve véZich po jednotlivych prstencich.
Po dosaZeni pevnosti v tlaku po 28 dnech jsou ddle segmen-
ty ndkladni automobilovou dopravou expedovéany k zabudo-
vani do tunelu.

MONTAZ TUNELOVACIHO STROJE

Podstatnou soucdsti kazdého projektu razeb metodou
mechanizovaného tunelovani je st€¢hovéni celého strojniho
komplexu z mista jeho vyroby na staveni§té. Aby mohl byt
stroj prevazen, je tfeba jej demontovat na transportovatel-
né dily.

Cisti stroje byly prevaZeny prevazné kamionovou dopra-
vou, dily s nejvétsi hmotnosti (hlavni loZisko, feznd hlava,
nékteré Cdsti §titu) byly ¢dsteéné prevdzeny i dopravou lodni.
Hmotnost nejtézsiho dilu byla 150 t (hlavni lozisko).

MontdZ byla zahdjena 20. 11. 2014 pred vjezdovym portd-
lem jizniho tratového tunelu. Pro
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a smooth surface. When the strength required for the hand-
ling has been reached, the segments are removed from the
moulds and are turned to the final positions in which they are
further stored. The segments are stored in towers, each con-
sisting of segments for one ring. When the 28—day compres-
sion strength has been reached, the segments are further dis-
patched by road haulage to be incorporated into the Ejpovice
tunnel.

TUNNEL BORING MACHINE ASSEMBLY

Moving the entire mechanical complex from the producti-
on location to the construction site is a substantial part of
every tunnelling project using a mechanical tunnelling met-
hod. Dismantling the machine to transportable components is
necessary for moving it.

Parts of the machine were transported mostly using road
haulage; components with the greatest weight (the main bea-
ring, the cutterhead, some parts of the shield) were partially
transported on ships. The weight of the heaviest component
was 150 tonnes (the main bearing).

The assembly commenced on 20/11/2014 in front of the
portal of the southern running tunnel. A TEREX DEMAG CC
2800 tracked crane and a TEREX DEMAG AC 160 mobile
crane were deployed for the handling of loads (see Fig. ). The
operations proceeded in shifts operated over 24-hour days,
seven days/week for two months. Only the welding of the
cutterhead, which was transported in five pieces, took nearly
one month. The machine was completely assembled and pre-
pared to start to drive the tunnel on 31/01/2015.

DRIVING THE SOUTHERN TUNNEL

At the beginning of 2016, the length of the tunnel driven by
Viktorie tunnel boring machine through semi-rock formed by
weak shale reached 3km. The monthly advance rate was the-
refore 264m. The highest monthly performance of 528m was
achieved in May 2015; the highest daily performance was
32m (see Fig. 6). The excavation advance rate was affected
by several factors: instable ground in fault zones, hydrostatic
pressure and high inflows of groundwater, muck stickiness
and increased abrasion.

manipulaci s bfemeny byl nasazen
pasovy jerdb TEREX DEMAG CC
2800 a mobilni jerdb TEREX DEMAG
AC 160 (obr. 5). Prdce probihaly
v nepretrzitém provozu po dobu dvou
mésict. Jen svafovédni fezné hlavy,
kterd byla transportovdna v péti
kusech, trvalo témér cely mésic. Stroj
byl sestaven a pripraven k zahdjeni
razeb 31. 1. 2015.

600,0m

RAZBY JIZNIHO TUNELU

Zacatkem ledna 2016 doséhl tunelo-
vaci stroj Viktorie 3 km délky tunelu
vyrazeného v poloskalni horniné tvo-
fené mékkou bridlici. Primérny
mési¢ni postup tudiz Cinil 264 m.
Nejvyssiho mésiéniho vykonu se
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podafilo dosahnout v kvétnu lonského
roku — 528 m, nejvyssi denni vykon

Obr. 6 Meésiéni vykony razeb
Fig. 6 Monthly excavation advance rates
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Obr. 7 Znecisténi tunelovaciho stroje zvodnélou rubaninou
Fig. 7 Tunnelling machine smeared with water-bearing muck

predstavoval 32 m (obr. 6). Rychlost razby byla ovlivnéna
nékolika faktory: nestabilni horninou v poruchovych zénach,
hydrostatickym tlakem a vysokymi pritoky podzemni vody,
lepivosti rubaniny a zvySenou abrazivitou.

Razby v uzavfeném rezimu

Razba jizniho tunelu se vyznacovala ¢astou nestabilitou hor-
ninového prostredi (zejména v ivodnim dseku prvnich 250 m)
a byla navic umocnéna zvySenymi pritoky podzemni vody se
zvySenym hydrostatickym tlakem, ktery v pristropi tunelu
¢inil az 3 bary.

Kombinace téchto faktora si vyzddala provadéni raZzby
v pfedmétném udseku v reZimu s plnou podporou Celby (closed
mode). Nestabilita ¢elby se projevovala vznikem nadvylomu
a byla zpusobena vysokym stupném rozpukanosti a pro-
pustnosti horniny v poruchovych zénach. Propustnd hornina
privadéla na Celbu a na obalku 10 m dlouhého $titu silné pri-
toky podzemni vody z vySe poloZenych vrstev kopce
Homolka.

V podminkach, kde hydrostaticky tlak podzemni vody
odpovidal predpoklddané vysce hladiny podzemni vody
v pristropi tunelu, probihala razba v uzavieném reZimu
a opérny tlak v pracovni komore byl tvoren plastickou, témer
nestladitelnou a nepropustnou rubaninou a byl zhruba roven
tlaku podzemni vody.

V poruchovych zoéniach se zvySenymi pritoky podzemni
vody (az 28 1/s) bylo nutné opérny tlak zvysit o hodnotu
potrebnou k zajisténi stability Cela vyrubu. Pri takto vysokych
hodnotdch dochdzelo k vyvérani pén a vyplnové injektaZze na
povrch terénu a opérny tlak musel byt sniZovan na hodnoty,
pri kterych nedochazelo k uniku médii. V téchto podminkach
propustnych poruchovych zén dochdzelo v odtéZzovaci komo-
fe ke ztekuceni rubaniny, kterd tim prestala byt témer stlaci-
telnou a plastickou. Dochézelo k ostrym vykyviam opérného
tlaku v zavislosti na odtézovani, vznikaly nadvylomy, protoze
tekutd rubanina nedokdzala vytvorit zatku ve Snekovém
dopravniku, kterd by zajistila vytvoreni opérného tlaku na
Celbé. Pdsovy dopravnik nepobral tekutou rubaninu, ktera pre-
tékala z pasu a zneciStovala dno a segmentové osténi pripra-
vené na montdz. Ciiténi stroje a osténi trvalo mnohdy celou
sménu a zdrzovalo postup razeb (obr. 7).

Pomérné dobré vysledky prineslo pouZiti polymeru uréené-
ho k vazani vody, které eliminovalo tuc¢inky tekuté rubaniny.
Na projektu tunelu Ejpovice byl pouzit Mapedrill M1 italské
spole¢nosti MAPEI.

Vymeéna Feznych nastrojd a udrzba fezné hlavy
Razba v uzavieném reZzimu a lepiva rubanina obecné vedou
ke zvySenému opotiebeni fezné hlavy a feznych ndstroju.

Driving tunnel in closed mode

The excavation of the southern tunnel tube was characteri-
sed by frequent instability of the ground environment (first of
all in the initial 250m long section), which was, in addition,
potentiated by increased inflows of groundwater with increa-
sed hydrostatic pressure amounting up to 3 bars in the top
heading.

The combination of these factors induces the necessity for
driving the tunnel in the particular section with full excavati-
on face support (the closed mode). The excavation face insta-
bility manifested itself by the origination of overbreaks due
to a high degree of fracturing and ground permeability in
weakness zones. The permeable ground carried intense
inflows of groundwater from higher located layers of
Homolka Hill to the heading and on the envelope of the 10m
long shield.

In the conditions where the hydrostatic pressure of ground-
water corresponded to the assumed water table level in the
tunnel top heading, the excavation proceeded in the open
mode and the support pressure in the working chamber was
provided by plastic, compressible and impermeable muck
and was approximately equal to the groundwater pressure.

In weakness zones with increased groundwater inflows (up
to 28L/s) it was necessary to increase the support pressure by
a value required for increasing the stability of the excavation
face. At so high values the foam and backgrouting mixture
leaked up from the terrain surface and the support pressure
had to be reduced to the values at which the leaking of the
media did not occur. In these conditions formed by permeab-
le weakness zones the muck in the extraction chamber beca-
me liquid, which as a result nearly stopped to be compressib-
le and plastic. The support pressure steeply fluctuated depen-
ding on the muck extraction and overbreaks originated
because of the fact that the liquid muck was not able to crea-
te a plug in the screw conveyor which would secure the deve-
lopment of support pressure at the face. The belt conveyor
did not take all liquid muck and it spilled down from the belt
and smeared the tunnel bottom and the segmental lining pre-
pared for installation. Cleaning the machine and the lining
often took the whole shift and delayed the excavation advan-
ce (see Fig. 7).

Relatively good results were brought by the application of
a polymer designed to bind water, which eliminated the effect
of the liquid muck. Mapedrill M1 produced by Italy- based
MAPEI was used at the Ejpovice tunnel project.
Replacement of cutting tools and the cutterhead
maintenance

The open mode tunnelling and the sticky muck led to inc-
reased wear of the cutterhead and cutting tools in general.
Disk cutters got quickly worn out when the sticky muck com-
pletely filled sockets of disk cutters and made their rotation
impossible. It caused immediate local grinding of the disks.
The wear was increased by the presence of quartz and quartz
veins, which were present abundantly in the shale.

The work associated with replacing cutting tools, repairing
the cutterhead or repairing inside the extraction chamber had
to be carried out in massive rock which was able to provide
stable excavation face. If the naturally stable rock face did
not develop in the particular section, it was necessary to sta-
bilise the face by chemical grouting from inside the shield.

A system of lean concrete diaphragm walls was designed
for locations with a low overburden. The walls created



Obr. 8 Unik pén slouzicich pro tipravu rubaniny na povrch tizemi
Fig. 8 Escape of the muck-modifying foams to the terrain surface

K rychlému opotiebeni feznych diski dochdzelo, kdyZ lepivd
rubanina zcela vyplnila luZka diski a znemoZnila jejich oté-
geni, ¢imz doslo k okamZitému mistnimu obrusu disku.
K opotrebeni prispival kfemen a kifemenné zily, které se
v bridlici hojné€ nachdazely.

Price spojené s vyménou feznych ndstroju, s opravami
fezné hlavy nebo opravami v odtéZovaci komore bylo nutné
provadét v pevné horniné, kterd zajistila stabilni ¢elbu. Pokud
se prirozen¢ stabiln{ horninova ¢elba v daném tseku nevytva-
fela, bylo nutné Celbu stabilizovat chemickou injektdZ{ prova-
dénou ze $titu.

V mistech s nizkym nadlozim byla navrZena soustava pod-
zemnich stén z hubeného betonu, které vytvorily kompaktni
betonovy blok, tzv. ,,gardz*, do néhoz bylo mozné hlavu razi-
ciho stroje ,,zaparkovat™ a pod jeho ochranou provést tdrzbu
fezné hlavy. Vyhodou ,gardzi“ bylo to, Ze se jednalo
o opatfeni provedend v predstihu razeb z povrchu terénu
a jejich vybudovani nezdrZovalo razbu. Vybetonovany prostor
.garaze“ mél pudorysné rozméry 15x4 m, hloubka dosahova-
la od povrchu tzemf{ az zhruba do poloviny raZeného tunelu.
Uspésné pouziti &tyf ,,garazi“ na trase jizniho tunelu ukazalo,
Ze zabezpeCeni Celby podzemnimi sténami je rychlé
a bezpecné reseni.

Udrzby fezné hlavy tedy probihaly ve vyprazdnéné pracovni
komore §titu a za atmosférického tlaku. Prace na fezné hlave
v pretlaku, tj. pod ochranou stla¢eného vzduchu nebyly pldno-
vané. Stlaceny vzduch totiZ nedokdze stabilizovat rozpukanou
a propustnou horninu, nemuZe zadrZet blok horniny proti
vypadnuti z Celby. Navic v propustné poruchové zéne hrozi
nebezpe¢i nahlého uniku stlateného vzduchu. Oba predpokla-
dy se pri razbach také potvrdily. V rezimu razby s opérnym
protitlakem stlateného vzduchu prokazatelné dochéazelo
k nadvylomim a bylo nutné piejit do klasického EPB (Earth
Pressure Balance) uzavieného rezimu zeminového Stitu, kdy
Celba byla zajisténd stlaCenou rubaninou. Zdroven se uniky
stlaceného vzduchu potvrdily v poruchovych zénach, kdy na
povrch terénu vystoupaly nejen pény (obr. 8), ale také i husta
bentonito-cementovd vypliovd injektdz, a to i v misté, kde
vySka nadlozi ¢inila 25 m.

Mnohem vyssi podil kfemenné slozky (obr. 9), nezli bylo
predpoklddédno, zpusobil vy$§i abrazivni pusobeni bridlic,
a tim i vyS$8i frekvenci vymény feznych ndstroju. Abrazivni
prostied{ zpusobilo i obrus ochrannych tvrdokovovych otéro-
vych desti¢ek, kterymi byla Fezné hlava osazena. Po kontrole,
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a compact concrete block, the so-called gara-
ge”, in which the cutterhead could be parked
and under the protection of which it was pos-
sible to carry out the cutterhead maintenance.
The advantage of the “garages” was that these
measures were implemented in advance of the
tunnel excavation from the terrain surface and
their construction did not delay driving of the
tunnel. The space of the concrete “garage”
had ground plan dimensions of 125x4m, the
depth reached from the ground surface up to
approximately the middle of the tunnel cross-
section. The successful use of four “garages”
on the alignment of the southern tunnel tube
showed that the system of stabilising the exca-
vation face by diaphragm walls is a quick and
safe solution.

The cutterhead maintenance operations
were therefore carried out in an emptied working chamber of
the shield, under the atmospheric pressure. Working on the
cutterhead under positive air pressure, i.e. under the protecti-
on of compressed air, was not planned. The reason was that
positive pressure air is not able to stabilise fractured and per-
meable rock, cannot hold a block of rock and prevent its fal-
ling from the excavation face. In addition, sudden leakage of
compressed air threatens in a permeable fault zone. The two
assumptions were confirmed during the tunnel excavation.
Overbreaks provably occurred in the excavation mode with
the support pressure provided by compressed air. It was
necessary to switch to the classical EPB (Earth Pressure
Balance) closed mode, where the excavation face was sup-
ported by compressed muck. At the same time, escaping of
compressed air was confirmed in fault zones, where not only
foams but also dense bentonite-cement backgrouting mixture
rose to the terrain surface (see Fig. 8), even in a location
where the overburden height amounted to 25m.

The much higher proportion of the quartz component (see
Fig. 9) than expected caused higher abrasion action of shale,
thus also the higher frequency of replacements of cutting
tools. The abrasive environment, in addition, caused abrasion
of protective tungsten carbide anti-wear plates installed on
the cutterhead. The decision was made after an inspection
carried out by Herrenknecht company expert that the majori-
ty of these plates were to be ground away and be replaced
with new ones. When the machine was removed from servi-
ce and was “parked in the first garage”, all welding work
associated with the replacement and installation of new wear-
proof plates was carried out. Welding proceeded for over one
week.

Safety measures

Protective measures on the surface were implemented
during passages through critical sections — continual monito-
ring, partial or complete restriction on the access to tipped
areas on the surface. When a busy road with the tunnel over-
burden of only 9.5m (Hlavn{ Street) was being passed under,
the road was crossed by a temporary bridge structure. All
measures were revoked only when the existence of underg-
round cavities had been excluded by the geophysical survey
of the whole space.

The reduction in the development of overbreaks was ensu-
red by means of weighing the muck leaving the working
chamber during the course of one excavation round. Precise



25. roénik - €. 2/2016

kterou provedl expert firmy Herrenknecht, bylo
rozhodnuto vétSinu téchto desti¢ek odbrousit
a nahradit novymi. Pfi odstdvce stroje v prvni
»gardzi“ se provedly veSkeré svareCské prace
spojené s vyménou a instalovanim novych oté-
ruvzdornych desti¢ek. Svare¢ské prace probiha-
ly po dobu vice neZ jednoho tydne.
Bezpecnostni opatreni

Pri prochdzeni kritickymi tseky se provedla
ochrannd opatfeni na povrchu — nepretrzité sle-
dovani, ¢aste¢né ¢i dplné znepristupnéni vytipo-
vanych oblasti na povrchu. Pfi podchodu fre-
kventované silnice s nadlozim pouhych 9,5 m
(ulice Hlavni) byla tato preklenuta mostnim
provizoriem. VSechna opatfeni byla odvoldna
vzdy teprve poté, co byl cely prostor podroben
geofyzikdlnimu prizkumu, ktery vylou&il exis-
tenci podpovrchovych dutin.

Omezeni tvorby nadvylomu bylo zajiStovdno védZenim
hmotnosti rubaniny odchdzejici z pracovni komory béhem
jednoho zdbéru. Presné nastaveni vah vyzadovalo sledovani
objemové hmotnosti geologickou sluzbou, a to s cetnostni
minimdlné 2x za den. Hmotnost vytéZeného materidlu z da-
ného zabéru tak odpovidala hmotnosti rostlé horniny uréené
z plochy vyrubu ndsobenou délkou zabéru. Vetsi téZzené
mnoZstvi indikovalo vznik nadvylomu a zdroven ukazovalo
na skute¢nost, ze operné tlaky v odtéZovaci komore je treba
zvySit. Objemovad hmotnost hornin se pohybovala v §iroké
Skdle mezi 2 t/m3 aZ 2,8 t/m3.

ZAVER

RaZzba dvodniho 3 km dlouhého tseku prokdzala, Ze nasa-
zeni zeminového $titu do prostfedi mékkych bridlic bylo tech-
nologickou volbou, kterd se ukdzala jako spravnd zejména ve
vysoce geologicky proménlivém prostfedi, s charakteris-
tickym vyskytem nestabilnich poruchovych z6n se zvySenymi
pritoky podzemni vody. Tyto podminky vedly ke zvétSen{ roz-
sahu razeb v uzavieném rezimu a vyzadaly si vySSi ndroky na
zajisténi bezpe&nosti prace pri vyméné feznych ndstroju.

Postup tunelovaciho stroje Viktorie dospél na konci ledna
roku 2016 do prostredi spilitu, do kterych bude prestrojen na
rezim hardrock. RaZba ve zcela odliSném geologickém pro-
sttedi a s konstrukéné upravenym strojem s sebou prinese
nové vyzvy, nové pristupy a nové poznatky.
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Obr. 9 Celba tunelu s kiemennou Zilou
Fig. 9 Tunnel excavation face with a quartz vein

setting of scales required the monitoring of the bulk density
by the geological service, with the minimum frequency twice
a day. The weight of the material extracted from the particu-
lar excavation round thus corresponded to the weight of nati-
ve rock determined from the cross-sectional area and multi-
plied by the excavation round length. Higher excavated
amount indicates the development of overbreraks and, at the
same time, shows that it is necessary to increase the support
pressure in the extraction chamber. The bulk density of the
rock varied between 2t/m? and 2.8t/m?3.

CONCLUSION

Driving the initial 3km long section proved that the appli-
cation of the Earth Pressure Balance TBM to the environment
formed by weak shales was a technological option which tur-
ned out to be correct, in particular in the geologically highly
variable environment with characteristic occurrence of
instable fault zones with increased groundwater inflows.
These conditions led to an increase in the extent of excavati-
on in the closed mode, requiring higher degree of safety at
work when cutting tools were to be replaced.

At the end of January 2016, Viktorie tunnel boring
machine arrived at the environment formed by spilite. The
mode will be changed over to hard rock mode for that rea-
son. Driving the tunnel through totally different geological
environment and using the structurally modified machine
will bring new challenges, new approaches and new know-
ledge.
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GEOTECHNICKE RIZIKO: JAK TO VIDI SOUDCI?
GEOTECHNICAL RISK: WHAT JUDGES THINK ABOUT IT?

DAVID HRUSKA, LUKAS KLEE

ABSTRAKT

Vystavba v podzemi se nepochybné odlisuje od ostatnich druhu vystavby. Tykd se to zejména tuneli, ale také napriklad hlubokych
stavebnich jam a obecné praci specidlniho zakldddni. Fyzické prostredi, ve kterém vystavba probihd (hmotné, tzn. fyzické podminky
stavenisté), je riznorodé a pred zahdjenim jen omezené poznatelné. Konecnou podobu podzemniho dila definitivné uréuje aZ vysledek
vzdjemné interakce prirodniho a lidského faktoru. Smlouvy o vystavbé v podzemi se 7z téchto ditvodii museji vyrovnat s vy$§i mirou rizi-
ka, které nelze nikdy zcela vyloucit. Ucelné alokovat geotechnické riziko mezi iic¢astniky vystavbového projektu je tudiz iikol, ktery pre-
vaZuje nad ostatnimi aspekty ovldddni rizik v podzemnim stavitelstvi. Jak na problematiku alokace geotechnického rizika pohliZeji
zahranicni pravni Fddy napric pravaimi systémy? Jaké zdvery lze dovodit z judikatur obecnych soudii jako dileZitych pramenii prdva?
Jakou roli hraji pri posuzovdni spori obchodni zvyklosti a odvétvové standardy? Existuji néjakd standardni odvétvovd pravidla pro
alokaci geotechnického rizika? Takovd a souvisejict témata jsou hlavni ndplni tohoto ¢ldnku.

ABSTRACT

Underground construction obviously differs from other types of construction. This applies in particular to tunnels, but also, for exam-
ple, to deep pits and generally to special foundation works. The physical environment in which the construction takes place (material,
i.e. the physical site conditions) is diverse and recognizable to a limited extent before the commencement of works. The final shape of
underground work will result from the mutual interaction between natural and human factors. The underground construction contracts
must therefore reckon with a higher level of risk that can never be fully eliminated. The efficient allocation of the geotechnical risk to
the participants of construction project is therefore a task that overrides other aspects of managing risk in underground construction.
How is the issue of geotechnical risks allocation viewed by foreign laws across legal systems? What findings can be derived from the
case law as the important source of law? What is the role of lex constructionis in assessing of disputes? Are there any industry stan-

dards concerning allocation of geotechnical risks? This and related topics are the main content of this article.

uvoDp

Geotechnické riziko 1ze definovat jako pravdépodobnost, Ze
béhem vystavby nastanou odlisné fyzické podminky stavenis-
té od téch predpoklddanych, vyndsobend ocekdvanou Skodou,
pokud by tyto odlisné podminky skutecné nastaly. Riziko
v tomto ¢lanku proto budeme chédpat predevs§im jako ekono-
mickou kategorii, nikoli technickou ¢i bezpecnostni. Nosite-
lem tohoto rizika je potom logicky ten, kdo musi snédSet eko-
nomicky nepfiznivé nasledky vyskytu tohoto rizika.

Nastrojem pro ovladnuti geotechnického rizika je vytvoreni
tandemu smluvnich ustanoveni (a souvisejicich ddaju o sta-
venisti) definujicich (i) ,,smluvni geotechnické podklady“
a (ii) kompenzace za ,,odlisSné podminky staveniste“. Klicem
k Tizeni geotechnického rizika je potom pochopeni dvojjedi-
nosti a neoddélitelnosti tohoto tandemu.

Tato praxe byla zfejmé poprvé systematicky zavedena
v USA, a to po $iroké odvétvové diskusi. Udaje definujici (i)
,, smluvni geotechnické podklady* zde byly pojmenovany jako
»Geotechnical Baseline Report“ (zkrdcené ,,GBR*). Tento
dokument musi pripravit objednatel v ramci zadani vystavbo-
vého projektu a musi v ném definovat mezni hodnoty pro alo-
kaci rizika geotechnickych podminek. Jde v podstaté
o parametrickou alokaci rizika, ktera vychazi z predpokladu,
7e nepredvidatelnd geotechnickd rizika jsou rizikem objedna-
tele. Smyslem ,,GBR* je fungovat ruku v ruce se smluvnim
ustanovenim o (ii) odliSnych podminkach stavenisté tzv.
., Differing Site Conditions Clause* (zkracené ,,DSC*). V do-
loZce ,,DSC “ se strany typicky dohodnou, Ze jiné (odliSné) neZ
predpokldadané geotechnické podminky jsou rizikem objedna-
tele. Ugelem ,,DSC* je pak odstranit nejistotu z pohledu zho-
tovitele, a timto univerzdlné chranit vefejné prostredky pro-
stfednictvim minimalizovani vySe jeho spekulativnich riziko-
vych nédkladovych prirdzek.() Tento koncept vychazi z obecné
uznavaného nazoru, Ze vlastnictvi pozemku staveni$té znamena

INTRODUCTION

A geotechnical risk can be defined as the probability that diffe-
rent physical site conditions than those foreseen will appear during
construction, multiplied by the expected damage, should these dif-
ferent conditions really be encountered. In this article, the risk will
mainly be perceived as an economical category, not any technical
or safety-related one. Such a risk is naturally to be borne by the one
who has to withstand the economically adverse implications of the
related occurrence.

As a geotechnical risk management tool, a tandem of contractual
provisions (and related data) defining (i) “contractual geotechnical
bases” and (ii) compensations for “different site conditions”
should be set up. A key to geotechnical risk management is then
comprehension of this tandem’s ambivalence and non-severability.

This practice has obviously been first implemented as systematic
in the U.S., following extensive industry-wide talks. The data that
define (i) the “contractual geotechnical bases* have started being
called here as the “Geotechnical Baseline Report” (“GBR* in
short). The employer must prepare this document within the con-
struction project procurement, having to define therein the geotech-
nical conditions risk allocation limits. This is actually a parametric
risk allocation that presumes the unforeseeable geotechnical risks
on the employer’s side. The purpose of “GBR“ is to work hand in
hand with the contractual provision on (ii) different site conditions,
so-called ,, Differing Site Conditions Clause“ (“DSC* in short). In
the "DSC* clause, the parties will typically agree that the other
(different) than foreseen geotechnical conditions will form the
employer’s risk. The purpose of “DSC* is then to eliminate uncer-
tainty from the contractor’s viewpoint, and protect thus the public
funds by minimizing the level of speculative risky cost surchar-
ges.() This concept comes from a widely recognized view that the
ownership to the site land implies the ownership to its hidden risks.
These hidden risks (obstacles) may have a form of e.g. unknown
underground utility lines, different geotechnical (mainly geological
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i vlastnictvi jeho skrytych rizik. Skrytd rizika (prekdzky)
mohou byt napiiklad nezndmé podzemnf sité rozvoda, odli§né
geotechnické (predevsim geologické a hydrologické) podmin-
ky, balvany v podzemi, zneliSténi pidy, materidl, ktery mél
byt vytéZen a déle zabudovan, ale zjistilo se, Ze neni pro tyto
tcely vhodny apod.

Nas kontinentdlni pravni systém chépe stavenisté vcetné jeho
podlozi (tak, jak je popsano v zadéani zakdzky v&etné identifika-
ce znamych geotechnickych podminek a eventudlnich zndmych
prekazek apod.) jako véc — materidl, pfedany objednatelem zho-
toviteli k provedeni dila. Napr. judikatura Nejvy$siho soudu
v Rakousku na problematiku nahliZ{ jiz desitky let tak, Ze zemi-
na je ,,materidl dodany objednatelem “(2), a proto objednatel zod-
povida za jakékoliv nedostatky, které ovliviuji provedeni praci.
Tento ,,materidl “ zahruje i geotechnicky prizkum®) a stavebni
plany.® Zhotovitel ma pak povinnost tento ,, materidl“ primére-
né prezkoumat a objednatele pred moZnymi problémy varovat
(tzv. ,, Priif- und Warnpflicht* dle § 1168a ABGB). Zhotovitel ma
povinnost upozornit objednatele o vSech podezfenich, kterd ma
stran materidlu dodaného objednatelem, tedy napriklad
o chybdch v dokumentaci nebo jiz zminéné zeming, kterou
poskytl objednatel. Nicméné neéekané, nepredvidané a ne-
predvidatelné problémy a ndklady timto zptusobem vzniklé patif
standardné do sféry objednatele. Judikatura Nejvyssiho soudu
v Rakousku potvrdila, Ze zhotovitel neni povinen predpoklddat,
Ze je geologie mimoradné $patnd, a proto nemusi hledat nezndmé
vady.(® V podstaté to znamend, Ze zhotovitel nemusi v Zddném
pripadé predvidat nepredvidatelné a zndt neznamé, i kdyZ jsou
geotechnické prace predmétem jeho podnikdni. Kromé toho ma
zhotovitel prdvo spoléhat se na (vlastni) predpoklady a zku-
Senosti ziskané ,,na stavbdch ve stejné nebo srovnatelné lokali-
té“(©) bez nutnosti oCekdvat potize, se kterymi se nesetkal
jinde.(? Rovnéz v Némecku je povinnosti objednatele poskytnout
informace o geologickych a hydrogeologickych podminkéch na
staveniSti tak, aby bylo moZno transparentné vyhodnotit nabidku.
Neémedti soudci rozhodli napiiklad o neplatnosti ustanoveni:
,Zhotovitel se informoval o geologickych a hydrogeologickych
podminkdch na stavenisti, a proto nenuize poZadovat dodatecné
platby s temito spojené.“®)

Presto vSak objednatelé v nékterych piipadech, z ruznych
duvodu, do smluv priddvaji omezeni své odpoveédnosti (waiver,
disclaimer) napriklad tim zpusobem, Ze deklaruji tdaje
o zadavacich geotechnickych podminkdch pouze jako informa-
tivni, nabadaji zhotovitele k overeni identifikovanych geotech-
nickych hodnot, k provedeni vlastnich pruzkumt, nebo jedno-
duse prohldsi jakoukoliv zménu geotechnickych podminek od
téch prognostikovanych za rizika zhotovitele. Dochéazi pak
nutné ke sportim, ve kterych jsou zhotovitelé zpravidla dspés-
néjsi z davodu aplikace vySe popsanych obecnych prdavnich
zasad o vlastnictvi staveni$té a odpoveédnosti vlastnika za jeho
skryté nedostatky.

a

Viz napr. Olympus Corp. V. United States, 98 F.3d 1314, 1316-17 (Fed.

Ct. 1996) (,,Soutézitelé nemuseji nést naklady provadéni vlastnich pri-

zkumnych vrtd za Glelem eliminovéni rizika zastiZeni nepfiznivych

podminek v prostoru podpovrchového staveniste, ani nemuseji kalkulo-

vat vysi rizikové prirdzky, aby jejich nabidka pokryla toto riziko.”);

podobné téz Weeks Dredging & Contracting, Inc. v. United States,

13 C1. Ct. 193,219 (1987) a Foster Const. CA & Williams Bros. Constr.

v. United States, 435 F.2d 873, 887 (Ct. Cl. 1970).

@ Viz OGH 6 Ob 82/65 z 28. 4. 1965.

(3) Viz 6 Ob 274/04v z 19. 5. 2005.

) Viz 7 Ob 18/14v z 22.04. 2014.

() Viz 8 Ob 588/87 z 5. 11. 1987.

©) Viz 7 0b 502/79 z 6. 12. 1979.

(M Vice v Mesi¢, M., Raansky, V. Geotechnickd rizika v rakouském
pravu. Stavebnictvi, ¢. 6-7, 2015, s. 62-63.

®) Vygen, K., Joussen, E. Bauvertagsrecht nach VOB and BGB Handbuch

des privaten Baurechts. Fifth Edition. Werner Verlag: Koln 2013.

and hydrological) conditions, underground boulders, subsoil conta-
mination, the material that ought to have been extracted and re-
imbedded, but found thereafter as unsuitable for this purpose, etc.

Our continental law system perceives the site as including its subso-
il (as it is described in the project specifications, including the identifi-
cation of any known geotechnical conditions and obstacles, if any, etc.)
as a thing — material, handed by the employer over to the contractor for
execution of the work. Case law of the Supreme Court in Austria, for
example, have viewed the issue for decades already the way that the
earth is the “employer-delivered material “(?), and the employer is the-
refore responsible for any discrepancies that will affect execution of
the works. This ,,material“ includes even the geotechnical prospec-
ting® and construction plans.) The contractor is then obliged to rea-
sonably explore this “material* and warn the employer of potential
problems (so-called “Priif- und Warnpflicht“ to § 1168a ABGB). The
contractor is obliged to remind the employer of all the suspicions he
has around the employer-delivered material, such as of any documen-
tation errors or of the aforementioned earth the employer has provided.
Nevertheless, the unexpected, unforeseen issues and costs, when
brought about in this way, are normally within the employer’s scope of
responsibilities. Case law of the Supreme Court in Austria have certi-
fied that the contractor is not obliged to presume the geology as extre-
mely bad, and does not therefore need to look for any unknown
defects.(® It means, in fact, that the contractor never needs to foresee
the unforeseeable and know the unknown even though the geotechni-
cal conditions form subject of his business. Moreover, the contractor
has the right to rely on (his own) presumptions and experience attained
“on the construction site in the same or commensurate locality“(© wit-
hout being obliged to expect the troubles he failed to encounter any-
where else.(7) In Germany, it is also the employers’ duty to provide
information on the on-site geological and hydro geological conditions
and enable thus transparent bid assessment. The German judges have,
for example, decided on voidness of the provision: “The contractor
has inquired about the on-site geological and hydrogeological condi-
tions, and may not therefore claim any related additional payments.“®)

Despite that, however, the employers sometimes add, for various
reasons, to the contracts their responsibility limitations (waiver,
disclaimer), e.g. by declaring the data of the specifying geotechni-
cal conditions as indicative only, encouraging the contractors to
verify the identified geotechnical values, to perform their own pro-
specting, or simply declare any change in the geotechnical condi-
tions versus the initial prognosis as belonging to the contractor’s
risks. This then must result in disputes in which the contractors
mostly succeed due to application of the above-described general
law tenets on the site ownership and on the owner’s responsibility
for its hidden drawbacks.

It is the ambition of this article to analyze the legal
context in which the tandem of the geotechnical risk regulating
provisions is construed and applied by the dispute resolution bodi-
es. The article will also focus on the particular dispute details,
which will illustrate the logics the judges abide by while adjudica-
ting on the geotechnical risk allocation.

(1) See e.g. Olympus Corp. v. United States, 98 F.3d 1314, 1316-17 (Fed.
Ct. 1996) (“The bidders need not weigh the cost and ease of making
their own borings against the risks of encountering an adverse subsur-
face, and they need not consider how large a contingency should be
added to the bid to cover the risk.”); similarly also Weeks Dredging &
Contracting, Inc. v. United States, 13 CI. Ct. 193, 219 (1987) a Foster
Const. CA & Williams Bros. Constr. v. United States, 435 F.2d 873, 887
(Ct. CI. 1970).

(2 See OGH 6 Ob 82/65 of 28. 4. 1965.

() See 6 Ob 274/04v of 19. 5. 2005.

) See 7 Ob 18/14v of 22. 04.2014.

() See 8 Ob 588/87 of 5. 11. 1987.

© See 7 Ob 502/79 of 6. 12. 1979.

(D More details in MeSi¢, M., Ralansky, V. Geotechnickd rizika

v rakouském pravu. Stavebnictvi, no. 6-7, 2015, p. 62-63.

Vygen, K., Joussen, E. Bauvertagsrecht nach VOB and BGB Handbuch

des privaten Baurechts. Fifth Edition. Werner Verlag: Koéln 2013.
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Clének si klade za cil analyzovat, v jakém pravnim kontextu
je tandem ustanoveni regulujicich geotechnické riziko vykla-
dén a aplikovédn orgédny pro feSeni sporu. Pfitom se soustiedi
na detaily konkrétnich sporl, které ndzorné ilustruji, jakou
logikou se soudci pri rozhodovani o alokovéni geotechnického
rizika ridi.

PUVOD TANDEMU SMLUVNICH USTANOVENI
REGULUJICICH GEOTECHNICKE RIZIKO

Prvni smluvni konstrukce definujici ,,smluvni geotechnické
podklady“ — ,,Geotechnical Baseline Report* a ,,0dlisné pod-
minky stavenisté“ , Differing Site Conditions Clause“ byly
v USA vytvofeny uz v roce 1921, a to statni komis{ zfizenou
orgdnem pro rozpoctovou politiku (U.S. Bureau of the
Budget). Tato ustanoveni byla v roce 1926 zahrnuta do vzoro-
vé standardizované smlouvy, kterd byla schvdlena prezidentem
USA pro federdlni vystavbové projekty. Nédsledné se ustanove-
ni zavedla do v podstaté vSech respektovanych standardizova-
nych vzort v USA (jako jsou i napriklad vzory AIA). Smyslem
téchto ustanoveni je uréit spravedlivy smluvni podklad pro
kompenzaci zhotovitele v pfipadé, Ze pri vystavbé zaznamena
hor$i podminky neZ ty predpokladané ve smlouvé. Aby byl
zhotovitel v ndroku na kompenzaci za zastizeni ,,odlisnych
podminek staveniste“ Gspésny, musi prokdzat pet podstatnych
nalezitosti,(9 predné vSak skutecnost, zdali smluvni dokumen-
tace presveédCivé popisuje geotechnické podminky, nebo ne,
a jestli ano, tak do jaké miry. Standardni ustanoveni pouZiva-
né v USA je obdobné jako podcl. 4.12 CONS/1999 Red Book
FIDIC a P&DB/1999 Yellow Book, tzn. ,nepredvidatelné
fyzické podminky“ (Unforeseeable Physical Conditions).

Praxe pouZiti ,, Geotechnical Baseline Report* byla zavede-
na predevsim z duvodu, Ze bez stanoveni vychozich geotech-
nickych podminek, pravidel a meznich hodnot dochazelo
k velkému mnoZstvi sporu. Jesté v 70. a 80. letech se vétSina
claimi z duvodu odlisnych podminek stavenisté feSila
u soudu. Negativni nasledky pro vSechny zicastnéné inZenyry
pak byly hlavnim davodem zmény. Jeden z hlavnich zdvéru
zpravy vydané U.S. National Committee on Tunnelling
Technology (USNCTT), vypracované pro zjiSténi a odstranéni
neuspokojivého stavu, s ndzvem , Better Contracting for
Underground Construction* byl uz v roce 1974 nasledujici:

,» ... V PFipadeé, Ze vSichni uchazedi mohou zaloZit své odhady
na dobre definovaném popisu fyzickych podminek stavenisté
s ujisténim, Ze v pripade, Ze budou zastiZené podminky jiné,
dostane zhotovitel spravedlivou kompenzaci, pak objednatel
obdrZi nejnizsi rozumné ceny bez rizikovych prirdZek.“

Nésledné aktualizace této zprdvy, dalSi zpravy a navazujici
vyzkumy vedly k jednozna¢nému potvrzeni této mySlenky.

Bylo tedy nutné zavést standard, ktery urci, co jsou ony
predpoklddané geotechnické podminky. Timto standardem se
stala pravé smluvni konstrukce definujici vychozi smluvni
geotechnické podklady — ,, Geotechnical Baseline Report“. Pri
jejim pouziti pak musi smlouva obsahovat kromé pdrové
dolozky o odliSnych podminkdch staveniSté i mechanismus
uréeni (predevS§im méreni a ocenéni) ohodnoceni nepredpokla-
daného stavu. Dodatecné penize a Cas ur€ené timto mechanis-
mem musi objednatel zhotoviteli zaplatit ze své rezervy.

) Zhotovitel musi prokdzat, Ze (1) smluvni dokumenty obsahuji presvéd-
¢ivé informace popisujici podpovrchové podminky; (2) jednal jako
uchaze¢ v tendru s priméfenou opatrnosti pri interpretaci zaddvacich
smluvnich dokumentt; (3) spoléhal se s pfiméfenou opatrnosti na infor-
mace obsazené ve smluvnich zaddvacich dokumentech; (4) skute¢né
zastizené podpovrchové podminky se podstatné 1is{ od téch popsanych
objednatelem a (5) dodate¢né ndklady vynaloZené v souladu se smlou-
vou maji pri¢inou souvislost s odlisnymi podminkami staveni§té. Viz
také Weeks Dredging & Contracting, Inc. v. United States, 13 CI. Ct.
193, 208 (1987).
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ORIGINS OF THE TANDEM OF THE GEOTECHNICAL
RISK REGULATING CONTRACTUAL PROVISIONS

The first contractual structures define the “contractual geotech-
nical bases*“ — “Geotechnical Baseline Report* and “different site
conditions“. The “Differing Site Conditions Clause “ was set up in
the U.S. as early as in 1921, in particular by the U.S. Bureau of the
Budget. In 1926, these provisions were made part of the standardi-
zed form of contract the U.S. approved for the federal constructi-
on projects. Thereafter, the provisions found their way into actual-
ly all the respectful standardized samples in the U.S. (such as those
called AIA). The purpose of these provisions is to determine a fair
contractual base for the contractor’s compensation should the con-
struction efforts witness any worse conditions than those foreseen
in the contract. To succeed in exercising his claim for being com-
pensated for having encountered any “different site conditions*
the contractor must prove five substantial things,(® mainly whet-
her or not and to what extent the contractual documents give con-
sistent account of the geotechnical conditions. Used in the U.S.,
the standard provisions are similar to those under Clause 4.12
CONS/1999 Red Book FIDIC and P&DB/1999 Yellow Book,
i.e. “Unforeseeable Physical Conditions” .

The practical use of the “Geotechnical Baseline Report™ was
mainly introduced to avoid the disputes that had appeared in large
numbers due to undetermined initial geotechnical conditions,
rules, and limits. Still in the 70s’ and 80s’, majority of claims
because of the different site conditions were settled by litigation.
Adverse consequences for all the engineers participated were then
main reasons behind the change. One of the main conclusions of
the report published by U.S. National Committee on Tunnelling
Technology (USNCTT), prepared to find out and rectify the unsa-
tisfactory state of things, called “Better Contracting for
Underground Construction“ read as follows in 1974:

“...if all bidders can base their estimates on well defined set of
site conditions with assurance that equitable reimbursement will
be made when changed conditions are encountered, the owner will
receive the lowest reasonable bids with a minimum of contingency
for unknows.“

The subsequent updates of this report, additional reports, and rela-
ted researches led to an unambiguous confirmation of this notion.

It was therefore necessary to introduce the standard that would
clarify those foreseeable geotechnical conditions. Just the contrac-
tual structure defining the initial contractual geotechnical conditi-
ons — “Geotechnical Baseline Report“ became this standard.
When used, the contract must contain not only the pair clause on
different site conditions, but also the mechanism as how to deter-
mine (mainly measure and assess) an unforeseen condition. The
employer must compensate the contractor for extra money and
time, as specified by this mechanism, from his reserve.

Geotechnical Baseline Report is therefore mainly used by:

¢ the designer to assess the foreseen construction cost, inclu-

ding the employer’s budget reserve;

e the applicant to assess the geotechnical risks allocated to the

contractor;

e the contractor to select the construction processes and equip-

ment;

e the contract administrator to assess the subsoil conditions and

identify the unforeseen (different) physical site conditions
during the course of construction;

9 The contractor must prove that (1) the contractual documents contain
the conclusive information on the sub-surface conditions; (2) he acted
as a tender applicant with a reasonable care while interpreting the pro-
curement contractual documents; (3) he relied with a good deal of pre-
caution on the information contained in the procurement contractual
documents; (4) the actually encountered sub-surface conditions sub-
stantially differ from those described by the employer, and (5) the addi-
tional cost incurred in accordance with the contract have a casual rela-
tion to the different site conditions. See also Weeks Dredging &
Contracting, Inc. v. United States, 13 CI. Ct. 193, 208 (1987).
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Geotechnical Baseline Report tedy predev§im pouZziva:

e projektant pro ocenéni predpoklddanych nédkladu vystav-

by, vCetné rezervy rozpoctu objednatele;

¢ uchaze¢ pro ocenéni geotechnickych rizik, ktera jsou alo-

kovana zhotoviteli;

e zhotovitel pro vybér postupt vystavby a vybavent;

e spravce zakazky pro ohodnoceni podminek podlozi

a identifikaci nepredvidanych (odlisnych) fyzickych pod-
minek staveni§té v prubéhu vystavby;

¢ kdokoli z Gcastniku pfi feSeni sport ve véci nepredvida-

nych (odlinych) fyzickych podminek stavenisté.

Pokud budeme konfrontovat podstatu americké ,, Geotechnical
Baseline Report* s podstatou kontinentdlniho standardu ,, Euro-
kod 7: Navrhovdni geotechnickych konstrukci*, nalezneme
nékolik rozdilu. Zatimco cilem GBR je fizeni rizik a jejich alo-
kovani mezi objednatele a zhotovitele, cilem Eurokddu 7 je stan-
dardizace projektovdni geotechnickych konstrukci. GBR pracuje
se smluvné dohodnutymi hodnotami geotechnickych parametrt,
které tvori zdvazny pravni podklad pro spravedlivé financovan{
vystavby a pro kompenzaci ndkladi zhotovitele spojené
s vyskytem geotechnického rizika béhem realizace vystavby.
Prostiednictvim GBR se odli$né podminky staveniste identifiku-
ji a kvantifikuji. Eurokod 7 naproti tomu pracuje s odvozenymi,
charakteristickymi a ndvrhovymi hodnotami geotechnickych
parametrU, které jsou rozhodné pro bezpecny nédvrh geotechnic-
ké konstrukce (statické vypocty apod.). Tyto geotechnické para-
metry by mély co nejvystiznéji popsat fyzikédlni podstatu prislus-
né vlastnosti hornin ve vztahu ke stavebni konstrukci a mély by
ze statického hlediska zajistit jeji bezpecny a ekonomicky ndvrh.

JAK PRIPRAVIT FUNKCNI DOLOZKY PRO RIiZENIi
GEOTECHNICKEHO RIZIKA?

V manuadlu ,, Geotechnical Baseline Report for Underground
Construction*, ktery vydala specidlni komise ASCE (American
Society of Civil Engineers) v roce 1997, jsou popsdny duvody,
pro¢ se tato praxe zavedla, jak GBR pripravit a jak ji pouZivat
(vCetné check-listt). Zakladnim doporuenim je pripravit
dokument jednozna¢ny a precizni. V Zddném pripade to oviem
neznamend, Ze musi byt rozsdhly (doporucuje se 30 az 50 stra-
nek). Neznamend to také samoziejmé, Zze podminky popsané
v GBR budou odpovidat realité, nebot’ jsou vZdy pouze odha-
dem geotechnickych podminek na zdkladné maximalné pocti-
vého usili. GBR musi zpracovat tym kvalifikovanych odborni-
ku za pouZiti jednoznaénych zdvéru bez subjektivnich (jako je
,hodné“, ,,mélo*“ apod.) a nejasnych (jako je ,,muze* a ,,mél
by*) vyjadreni. GBR musi byt tzce propojena s projektovou
dokumentaci, postupy vystavby, metodou mereni a ocenovani
a platebnimi podminkami. Odli$né podminky, nez ty predpo-
klddané v GBR, nejsou zdsadné vadou projektové dokumenta-
ce. Neni tedy v zdsadé (pri dodrZzeni povinnosti fadné péce pro-
jektantem nebo geotechnikem) mozné vyuZit pojisténi (nebo
regresivni ndroky) na projektanta nebo geotechnika.

Objednatel proto musi vénovat dostatek penéz a ¢asu na pri-
pravu, tzn. predev§im geotechnické pruzkumy a zpracovani
zaddavaci projektové dokumentace, vybrat kvalifikované kon-
zultanty a diskutovat s nimi mezni hodnoty stanovené v GBR,
nastavit efektivni systém méfeni dila prostfednictvim vhod-
nych polozkovych cen, oteviené diskutovat rizika a udaje
s uchazeci a Gcastniky vystavby, chapat nepredvidatelnost geo-
technickych rizik, kompenzovat zhotovitele pri zaznamenan{
odlisnych podminek, nez popsanych v GBR, a udrZovat rezerv-
ni fond (ve vysi podle rizikovosti projektu).

V GBR se napriklad ur¢i predpokladany pocet velkych bal-
vanu v podloZi a rozsah napfiklad razby v jednotlivych tfiddch
tvrdosti podlozi. Tento predpoklad zhotovitel oceni. Je oviem
témer jisté, Ze realita bude odliSna. Proto zhotovitel dostane

e any of the participants in adjudicating the disputes about any

unforeseen (different) physical site conditions.

Juxtaposing the very essence of the U.S. “Geotechnical
Baseline Report (GBR)“ to that of the continental standard
”Eurocode 7: Geotechnical Design* will result in several diffe-
rences. While GBR is a risk management practice and risk alloca-
tion between the employer and the contractor, the Eurocode 7 is to
standardize the geotechnical structure designs. GBR handles the
contractually agreed values of the geotechnical parameters that
constitute a legally obliging base for fair financing of
a construction project and for compensating the contractor for the
cost incurred in connection with the geotechnical risk occurrence
during execution of a construction work. Different site conditions
are identified and quantified through the GBR. On the contrary, the
Eurocode 7 handles the derived, typical, and design values of the
geotechnical parameters, which are vital for a safe design of
a geotechnical structure (structural analysis, etc.). These geotech-
nical parameters should give the most pertinent account of the rele-
vant rocks, their physical composition in connection with the buil-
ding structure and should provide, from the structural viewpoint,
for its safe and cost-saving design.

HOW TO PREPARE FUNCTIONAL CLAUSES FOR
GEOTECHNICAL RISK MANAGEMENT?

The manual “Geotechnical Baseline Reports for Underground
Construction®, issued by a specialized body ASCE (American
Society of Civil Engineers) in 1997, gives account of the reasons
why these practices were introduced, instruction as how to prepa-
re and use such a GBR (including its checklists). Main recommen-
dation is to prepare the document as unambiguous and precise. It,
however, never implies that the document must be extensive (it
should have 30 to 50 pages). It does not obviously mean that the
conditions described in the GBR will reflect reality, as being
always just an estimate of the geotechnical conditions, based on
utmost fair efforts. GBR must be prepared by a team of skilled
experts using the unambiguous conclusions, free of any parti-
al/biased (such as “many”, “a little”, etc.) and unclear (such as “he
can” and “he should”) wordings. GBR must be closely connected
with the design documents, construction processes, measu-
ring/pricing methods, and payment conditions. Different conditi-
ons from those foreseen in the GBR are not actually any defects in
the design documents. It is therefore not possible in fact (subject to
adherence to compulsory proper care by the designer or geotech-
nician) to make use of a designer’s or geotechnician’s insurance
(or regressive claims against him).

The employer must therefore invest enough money and time in
preparations, i.e. mainly of the geotechnical prospecting and dra-
wing up of the procurement documents, select skilled consultants
and discuss with them the limits set forth in the GBR, set up an
efficient work measuring system based on the item prices, discuss
overtly the risks and data with the applicants and construction par-
ticipants, perceive unforeseeable nature of the geotechnical risks,
compensate the contractor whenever different conditions from
those described in the GBR appear, and maintain the reserve fund
(at the level depending on the project risks).

A GBR shall, for example, specify a foreseeable number of large
boulders in subsoil and scope of e.g. tunneling by the individual
subsoil hardness classes. The contractor shall assess such
a presumption. The reality will almost certainly be different. This
is why the contractor shall receive payment depending on the
encountered number of boulders and actual scope of tunneling in
the individual classes. The test boreholes cannot find out exact
number of these subsoil boulders. There may be e.g. 100 to 300 of
them. The risk can be allocated parametrically and the extent to
which it is to be borne by the contractor determined. Let us assu-
me 100 boulders as per GBR, but with up to 110 of them for which
the contractor may not claim any additional payment or time. Or,



zaplaceno podle zastizeného po&tu balvanu a skute¢ného roz-
sahu razby v jednotlivych tfiddch. Prizkumnymi vrty nelze
zjistit presny pocet balvanu v podloZi. Muze jich byt napriklad
100 az 300. Riziko se muZe alokovat parametricky a ur¢it, do
jaké miry ho nese zhotovitel. Naptiklad predpoklad poctu bal-
vanu v GBR je 100, ale a7 do po¢tu 110 balvani nemuZe zho-
tovitel narokovat dodate¢nou platbu a Cas. Nebo napriklad
GBR urti predpoklad rozsahu 1. tfidy tvrdosti podloZi na 35 %
z celkového rozsahu, ale a7 do vyse 40 % nemuZe zhotovitel
ndrokovat dodate¢nou platbu a Cas. Dal$i moZnosti je, Ze
v GBR bude predpokldddno ,,bezpecné* mnozstvi balvanu
(napr. 300) a zhotovitel musi ocenit ndsledky tohoto predpo-
kladu ve své nabidce. OvSem v tomto pripadé muZe byt objed-
natel v riziku, Ze zaplati za odstranéni vét§iho mnoZstvi balva-
na, nez se bude ve skute¢nosti v podloZi nachdzet. Bezpe&néjsi
nastaveni GBR bude na druhou stranu znamenat méné zmén
dila (variaci) a mensi odchylku od nabidkové ceny.(10)

Pravé urceni meznich hodnot v GBR bude duleZitym téma-
tem pro konzultace s objednatelem. Vefejni objednatelé maji
standardné problém s pripravou a Cerpanim odpovidajicich
rozpoCtovych rezerv. OvSem efektivni nastaveni GBR predpo-
klada feSeni neurcitosti a nejistot geotechnickych podminek
pravé prostiednictvim &erpani rezervy. Cerpani rezervy pak
nemuZe byt vnimano negativné jako prekro&eni predpoklddané
ceny. To musi respektovat i spravce zakazky. Objednatel tedy
musi predev§im vyfesit otdzku zajisténi rezervy a jejiho efek-
tivniho Cerpani.(1D

KONKRETNI PRIPADOVE STUDIE

Na zdkladé téchto teoretickych vychodisek je dulezité si
uvédomit, Ze autorem smluvnich doloZek definujicich ,, smluv-
ni geotechnické podklady* a podstatu kompenzace za ,,odlisné
podminky stavenisté“ je typicky geotechnicky inZenyr, nikoli
pravnik. Typickym hodnotitelem jejich urcitosti, vynutitelnos-
ti a spravedlnosti je zase Casto pravnik, nikoli geotechnicky
inZenyr. Naplnéni deklarovaného cile efektivné alokovat geo-
technické riziko je tedy zavislé nejen na technické expertize
a formula¢nich schopnostech geotechnického inZenyra, ale
rovneZ na jeho peclivém uvdzeni, jak bude vlastné vystup jeho
snahy interpretovdn prdvnikem — casto soudcem. Teprve
potom bude geotechnicky inzenyr schopen vytvorit dokument,
ktery bude spliiovat svij zamysleny dcel.

A. Priklady neG&elnych zpUsob(i alokace geotechnického rizika

Zatneme s nékolika demonstrativnimi pfipady — napri¢
pravnimi systémy, ve kterych soudci posoudili pokusy objed-
natele o alokaci rizika geotechnickych podminek za nevynuti-
telné, zmatecné, netransparentni, neurcité nebo jednoduse
nespravedlivé:

Pripadova studie #1 z USA: Metcalf Construction Co.,
Inc. v. United States (U.S. Ct. of Appeals for the Federal
Circuit, Case No. 2013-5041, Feb. 11, 2014)

Predmétem smlouvy byla vystavba aredlu vojenského
namornictva v Kaneohe Bay na Havaji metodou dodéavky
Design-Build. Zhotovitel zastihl rozpinavé zeminy, které pri
styku s vlhkem bobtnaly a zpusobovaly trhliny v betonovych
zakladech. Rozsah rozpinavych zemin byl vétsi, nez predpo-
kladala geotechnickd zprava objednatele. Nicméné tato zprava
rovnéz uvadéla, Ze obsahuje ,,pouze predbézind informativni*
(indikativni) data urend pouze pro ucely sestaveni nabidky,

(10) Viz Klee, L. Stavebni smluvni pravo. Wolters Kluwer CR, a. s.: Praha
2015.
(I SCE (American Society of Civil Engineers): Geotechnical Baseline

Reports for Underground Construction: Guidelines and Practises. New
York, 1997.
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for example, the GBR will determine the presumed portion of the
hardness class 1 at the level equal to 35% of the entire contents,
but the contractor may not claim any additional payment or time
up to the level of 40%. Another option is that the GBR will presu-
me a “safe* quantity of boulders (such as 300) and the contractor
must include the consequences of this presumption in his bid.
Then, however, the employer might face the risk of paying for
removal of a larger number of boulders than really encountered in
the subsoil. Safer setup of the GBR will, on the other hand, imply
fewer variations to the work and lower deviation from the bid
price.(10)

Just the specification of limits in the GBR will constitute a vital
issue to be consulted with the purchaser. Public employers nor-
mally find it problematic to prepare and withdraw from the rele-
vant budget reserves. But setting efficiently a GBR presumes the
contingencies and uncertainties in geotechnical conditions to be
settled just through withdrawals from reserves. These withdrawals
cannot then be perceived adversely as reaching in excess of the
presumed price. Even the contract administrator must respect this.
The employer must therefore mainly settle the issue of reserves
and withdrawals from them.(ID

PARTICULAR CASE STUDIES

With these theories in mind it is important to remember that aut-
horship to the contractual clauses that define the “contractual geo-
technical bases” and very nature of compensation for “different
site conditions” typically belongs to a geotechnical engineer, and
not any lawyer. And on the contrary, a lawyer, not any geotechni-
cal engineer is often a typical evaluator of their definiteness, enfor-
ceability, and fairness. Fulfillment of the pre-declared objective to
efficiently allocate a geotechnical risk therefore depends not only
on a technical expertise and conceptual skills of the geotechnical
engineer, but also on his careful considerations as how the outco-
mes of his endeavor is to be interpreted by the lawyer — frequent-
ly a judge. The geotechnical engineer will only then be able to
draw up the document that will meet its intended purpose.

A. Examples of Purposeless Geotechnical Risk

Allocation Methods

Take, at first, some demonstrative examples — across the law
systems in which the judges assessed the employer’s geotechnical
risk allocation attempts as non-enforceable, confusing, non-trans-
parent, indeterminate or simply as unfair:

Case Study #1 form the U.S.: Metcalf Construction Co., Inc.
v. United States (U.S. Ct. of Appeals for the Federal Circuit,
Case No. 2013-5041, Feb. 11, 2014)

Construction of the U.S. Navy compound in Kaneohe Bay
(Hawaii), using the Design-Build method, was subject of contract.
The contractor encountered the expansive rocks that swelled in
contact with moisture and caused fissures in the concrete founda-
tions. These expansive rocks appeared in larger amounts than fore-
seen in the employer’s geotechnical report. Nevertheless this
report also pre-advised to contain just some indicative data”for
preliminary information only” to meet the bid completion purpo-
ses, and that the contractor is obliged to carry out his own soil
investigation. The court of appeal proclaimed the employer’s
objective to forestall the contractor’s claims for different (other
than foreseen or locally typical) site conditions as unfair. While
arguing, the court of appeal mentioned that a public employer can-
not relieve itself of responsibility for its project procurement docu-
ments (including the geological prospecting), arguing that they are

(10) See Klee, L. Stavebni smluvni pravo. Wolters Kluwer CR, a. s.: Praha
2015.

(I ASCE (American Society of Civil Engineers): Geotechnical Baseline
Reports for Underground Construction: Guidelines and Practises. New
York, 1997.
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a 7e zhotovitel je povinen si ucinit vlastni nezdvislé pruzkumy.
Odvolaci soud prohldsil cil objednatele zamezit timto zpuso-
bem claimim zhotovitele pro odlisné (neZ predvidané nebo
mistné obvyklé) podminky staveniSteé za nepoctivy. Odvolaci
soud pfi argumentaci zminil, Ze vefejny objednatel se nemuZe
zbavovat odpoveédnosti za svou zaddvaci projektovou doku-
mentaci (v&etné geologickych prazkumu) s argumentem, Ze jde
pouze o informativni (indikativni) data urend pouze pro tcely
sestaveni nabidky. Podstatou net¢inného zbaveni se odpovéd-
nosti objednatele byla mimosmluvni povinnost objednatele jed-
nat v dobré vife a v souladu s poctivym obchodnim stykem
(implied duty of good faith and fair dealing). Soudci se rovnéz
pozastavili nad nekompetentnim, komplikovanym a prili§ hor-
livym postojem odpovédného zaméstnance objednatele, ktery
vice nez rok odmital vySetfit podstatu fddné predklddanych
néroku zhotovitele v celkové vy$i 27 mil. $ (nabidkova hodno-
ta zakdzky byla 49 mil. $) a misto toho tvrdil, Ze mezi zaddva-
cimi a zastizenymi geotechnickymi informacemi neni rozdil.
Takovy postup objednatele soudce oznacil za neprofesiondlni.

Ackoli zhotovitel byl ve sporu v plné mife ispésny, mohlo
toto vitézstvi uz pouze CasteCné zhojit bremeno jeho ekono-
mické ztrdty a dal$ich nepfijemnosti, které musel nést po 12 let
trvani sporu. Zhotovitel podal nabidku v roce 2001 a nebyl
puvodné vybrdan objednatelem jako nejvhodnéjsi. Zakédzku
zhotovitel ziskal aZ po podédni opravnych prostiedku, price
zahdjil v roce 2003 a vystavbu dokoncil v roce 2007. Konecny
verdikt byl potom po vy&erpani justi¢nich opravnych prostred-
ku vydén az po dalSich 7 letech.(12)

Pripadova studie #2 z Rakouska: Rozsudek Nejvyssiho

soudu v Rakousku 6 Ob 274/04v z 19. 5. 2005

Rakouské vzorové smlouvy vypracované Rakouskym nor-
malizaénim institutem (Austrian Standards Institute)(13)
i obecnd rakouska pravni praxe(14 alokuji geotechnické riziko
objednateli za predpokladu, Ze zhotovitel priméfené prezkou-
mal geotechnikou dokumentaci predanou objednatelem
a varoval ho pred moznymi problémy. Vyskytuji-li se v dané
smlouvé odlisnd smluvni ujednéni od téch doporuc¢enych, musi
byt vzdy spjata se zvySenou ndhradou zhotoviteli za prevzeti
daného rizika. Ndsledujici pripad demonstruje, jaké neptiznivé
nasledky a nejistotu pro vystavbovy projekt miZe vyvolat
pokus odchylit se od normy, tedy netradi¢né prenechat geo-
technické riziko zhotoviteli.

Predmétem dila byla vystavba zdravotnického stfediska ve
mésté Zell am See za pausdlni cenu. Z geologického hlediska
lezi mésto v alpském tdoli, kde se v prabéhu stfiddn{ dob ledo-
vych znaéné ménila rychlost proudéni povrchovych vod. To
mé za pri¢inu piitomnost sedimentd s velmi odliSnymi defor-
macnimi charakteristikami, které mohou byt uloZeny zcela
heterogenné. Pudorysné bylo staveni$t€ rozdéleno do tif &dsti,
pficemZ dvé byly dostate¢né pokryty priazkumnymi sondami,
avsak tfeti ¢dst byla z davodu existujici zdstavby v dobé pro-
vadéni pruzkumnych praci prozkoumdna nedostateCné. Tato
zdstavba byla pied zahdjenim praci sice odstranéna, ale pru-
zkum jiZz doplnén nebyl. Tato skuteCnost méla duleZity vliv na
vyvoj soudniho sporu. Vystavba byla v prubéhu praci zastave-
na stavebnim dradem, protoZe se v sousednich budovéch pro-
jevila sedani. Objednatel odmitl zaplatit za jiz provedené

(12) Metcalf Constr. Co. v. United States, 102 Fed. CI. 334 (2011) (Metcalf
I) a Metcalf Constr. Co. v. United States, 107 Fed. Cl. 786 (2012)
(Metcalf II).

(13) Zejména ONORM B 2110 Vseobecné smluvni podminky pro stavebni
priace (Allgemeine Vertragsbestimmungen fiir Bauleistungen) jsou
v Rakousku §iroce pfijimany jako standard a obchodni podminky mno-
hych spole¢nosti na né odkazuji.

(14) Zejména § 1168a obecného obcanského zakoniku (ABGB).

just the indicative data to meet the bid compilation purposes. The
essence behind the employer’s inefficiency to relieve itself of its
responsibility was the employer’s off-contract duty of good faith
and fair dealing. The judges were also stunned by incompetent,
complicated, and all too arduous stance of the employer’s respon-
sible employee who kept refusing to investigate the nature of the
duly submitted contractor’s claims at the level of 27 million $ (ten-
der price of the contract was 49 million $) for over a year, alleging
instead that there was no difference between the procurement and
encountered geotechnical information. The judge designated such
an employer’s approach as non-professional.

Though the manufacturer was fully successful in the dispute,
this victory could then only partly cure a burden of his economic
loss and other troubles he had to bear for twelve years of the dis-
pute duration. The contractor had submitted the bid in 2001 and
was not originally selected by the employer as most suitable. The
contractor won the contract only after having exercised his reme-
dies, commencing the works in 2003 to complete the construction
in 2007. After depletion of all the judicial remedies the final ver-
dict was pronounced only after additional 7 years.(12)

Case Study #2 from Austria: Judgement of the Supreme

Court in Austria 6 Ob 274/04v of May 2005

Prepared by the Austrian Standards Institute(13), the Austrian
forms of contract and legal practices(14) widely applied in Austria
allocate the geotechnical risk to the employer provided that the con-
tractor has reasonably scrutinized the geotechnical documents the
employer has handed over and warned him of potential problems. If
there are different contractual arrangements in the contract (other
than those recommendable), they must always be bound on increa-
sed compensation to the contractor for having accepted the risk. The
following example will show the adverse implications and uncerta-
inty a construction project might suffer due to an attempt to deviate
from the standard, i.e. to break the tradition and leave the geotech-
nical risk on the contractor’s shoulders.

The objective was to construct a health care center in Zell am See
for a lump sum price. Concerning its geology, the town lies in an
Alpine valley, which saw considerable changes in surface water
flow velocities during the course of ice age and their alternations.
This is the cause behind the presence of the sediments with different
deformation characteristics that may follow a fully heterogeneous
pattern. The site ground plan has been subdivided into three parts
with two of them being sufficiently covered by prospecting probes,
but the third one underwent insufficient prospecting due to the exis-
ting developed areas present there at execution of the surveying. The
relevant probing has never been completed any more even though
the existing buildings had been stripped off before commencement
of the works. This circumstance had major impact on the litigation
trend. The construction authority suspended the construction efforts
during the course of the works as the neighboring buildings showed
signs of sagging. The employer refused to pay for the works already
done. The contractor therefore filed a lawsuit against the employer,
urging payment for all the works until suspension, including the
balance for extended lease of the sheet piles that remained in the
foundation pit longer than expected and that were not given back to
the contractor after contract termination.

In his petition the contractor argued that the geotechnical sur-
vey results, as provided by the employer, turned out as being erro-
neous (incomplete), considering it an issue under the employer’s

(12) Metcalf Constr. Co. v. United States, 102 Fed. CI. 334 (2011) (Metcalf
I) a Metcalf Constr. Co. v. United States, 107 Fed. Cl. 786 (2012)
(Metcalf II).

(13) Mainly ONORM B 2110 General Contractiual Conditions for Building
Works (Allgemeine Vertragsbestimmungen fiir Bauleistungen) are
widely accepted in Austria as standard and the Terms & Conditions of

numerous companies refer to them.

(14) Mainly § 1168a of the General Civil Code (ABGB).



price. Zhotovitel proto objednatele zazaloval a poZadoval
zaplaceni vSech praci do zastaveni vystavby vcetné doplatku
za prodlouZeny ndjem $tétovnic, které zUstaly ve stavebni jame
déle, nez se oCekdvalo, a které nebyly po ukonceni smlouvy
zhotoviteli vraceny.

Zhotovitel v Zalobé tvrdil, Ze se v prubéhu praci geotechnic-
ky pruzkum poskytnuty objednatelem ukdzal jako chybny
(neuplny), coZz povazoval za odpovédnost objednatele.
Obhajoba objednatele spoc¢ivala v tom, Ze pri¢inou zastaveni
stavby a nadmérného seddni na sousednich budovédch byla
vadna stavebni ¢innost zhotovitele. Objednatel dale tvrdil, Ze
se zhotovitel ve smlouvé zavdzal prevzit geotechnické riziko
na sebe. Zhotovitel na obhajobu objednatele reagoval tak, Ze
byl pripraveny prijmout geotechnické riziko podle smlouvy
pouze do té miry, do jaké byl geotechnicky pruzkum poskyt-
nuty objednatelem spravny.

PredloZené argumenty soudce posoudil takto: Za chyby
v technologické kdzni zhotovitele nese odpovédnost zhotovi-
tel, nicméné tato odpovédnost musi byt omezena do té miry, do
jaké stavebni dozor objednatele kazdy den podepisoval
a potvrzoval zdpisy ve stavebnim deniku, a musel si byt tudiZ
védom déni na stavenisti. Geotechnické riziko podle soudce
nalezi v zdsadé objednateli. Odlisné smluvni ujednéni je také
teoreticky mozné, ovSem prevzeti geotechnickych rizik zhoto-
vitelem se nemuZe vztahovat na skute¢nosti plynouci
z chybného ¢&i netiplného pruzkumu. Soudce nicméné vytkl
zhotoviteli, Ze nedodrZel zdsadu , povinnosti informovat
a varovat (Priif- und Warnpflicht)“ a ,,primérené “ neprozkou-
mal informace poskytnuté objednatelem. Jako odborny staveb-
ni podnikatel mél byt zhotovitel schopen rozpoznat, zZe geo-
technicky pruzkum je nedostate¢ny, a na tuto skute¢nost mél
objednatele upozornit. Nakonec se tedy na vicendkladech
musely podilet obé strany. Pfipad nazorné ilustruje, jakou logi-
kou se rakousky pravni fad v zdleZitosti alokace geotechnické-
ho rizika 1id{.(1%

Pripadova studie #3 z USA: United Contractors v. United
States (United States Court of Claims, Case No. 368 F.2d
585, Oct. 14, 1966)

Zakazka spocivala ve vystavbé vice nez 1,6 km dlouhého
kolektoru o prifezu pohybujicim se od 0,6 m do 1,8 m
a hloubce razby od 1,5 m do 2,7 m. Geotechnické pruzkumy
nenaznacovaly zvySenou hladinu podzemnich vod. Vychozi
smluvni geotechnické podminky ovSem uvadély, ze “v oblas-
ti existuje predpoklad vysoké hladiny podzemni vody*“.
Zhotovitel pfedlozil claim z davodu odlisnych podminek sta-
veniste, ktery dolozil dodateénymi ndklady vynaloZenymi
v souvislosti s Cerpanim vody a odvodnovanim. Vetejny objed-
natel claim zamitl s odkazem na znéni vychozich smluvnich
geotechnickych podminek. Soudce rozhodl, Ze ke smluvni
doloZce ,,v oblasti existuje predpoklad vysoké podzemni vody “
je treba ,, pFistupovat rezervovane“, nebot’ ,, jeji vyznam je sni-
Zen konkrétimi informacemi“ vyplyvajicimi z vrta. Déle soud-
ce usoudil, Ze predmétnd dolozka definujici smluvni geotech-
nické podklady (GBR) nebyla ni¢im jinym, neZ neurcitym varo-
vanim, protoze termin ,,vysokd hladina podzemni vody* je
,zpravidla relativanim terminem*, a proto prostrednictvim
,nejasné a nevysvetlené vseobecné dolozky o vysoké podzemni
vodé“ nemuZe byt poprena precizni informace dokdzand geo-
technickymi vrty. Soudce rovneZz rozhodl, Ze opatrny soutéZitel
by si mél byt védom skutecnosti, Ze hladiny podzemni vody
kazdy mésic kolisaji. TudiZ by si opatrny soutéZzitel mél byt
védom i problému, Ze namétkové vrty v daném Case nemusi byt

(15) Mesi¢, M., Radansky, V. Geotechnickd rizika v rakouském prdvu.

Stavebnictvi, ¢. 6-7, 2015, s. 62-63.
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responsibility. Defense of the employer lied in that the contracto-
r’s defective construction efforts were the cause behind the sus-
pension and excessive sagging on the neighboring buildings. The
employer further alleged that the contractor undertook in the con-
tract to assume the geotechnical risk. Responding to the employ-
er’s defense the contractor alleged to have been prepared to assu-
me the geotechnical risk from the contract only to the extent to
what the geotechnical surveying outcomes, as provided by the
employer, were correct.

The judge assessed the presented arguments as follows:
Responsibility for the manufacturer’s process-related discipline
shall be borne by the contractor, with this responsibility being
nevertheless limited to the extent to what the employer’s site
supervisor was daily undersigning and confirming the entries into
the site logbook, and must have therefore been aware of the on-site
happenings. According to the judge, the geotechnical risk belongs,
as rule, to the employer. A different contractual arrangement is also
possible in theory, but acceptance of the geotechnical risks by the
contractor may not relate to the issues resulting from faulty or
incomplete probing. The judge nevertheless reprimanded the con-
tractor for not having observed the “duty to inform and warn ( Priif-
und Warnpflicht)“ and not having “reasonably‘ scrutinized the
information provided by the employer. As a specialized construc-
tion entrepreneur the contractor should have been able to recogni-
ze the insufficient nature of the geotechnical probing and should
have warned the employer accordingly. Finally, both parties must
have had their shares in this extra cost. This example clearly illust-
rates the logics the Austrian law system follows, concerning the
geotechnical risk allocation.(15)

Case Study #3 from the U.S.: United Contractors v. United
States (United States Court of Claims, Case No. 368 F.2d 585,
Oct. 14, 1966)

The project objective was to build a more than 1.6km long col-
lector with its cross section ranging between 0.6m to 1.8m and
depth of tunneling from 1.5m to 2.7m. Geotechnical surveying
revealed no signs of increased ground water levels. The initial con-
tractual geotechnical conditions, however, alleged that “condition
of high groundwater exists in the area”. The contractor submitted
the claim for the reason of different site conditions, having docu-
mented it with subsequent cost incurred in connection with water
pumping and draining. The public employer rejected the claim,
referring to the wording of the initial geotechnical conditions in
the contract. The judge decided that the contractual clause “condi-
tion of high groundwater exists in the area* was a “low key mas-
sage” that was “muffled by the specific information” resulting from
the boreholes. The judge further considered that the relevant clau-
se defining the contractual geotechnical bases (GBR) was nothing
else than a kind of vague warning as the term of “high ground
water level“ is “obviously a relative term”, and any precise infor-
mation proved by the geotechnical boreholes cannot therefore be
denied via an “undefined and unexplained generality of the
groundwater”. The judge took also the decision that a precarious
competitor should be aware of the fact that the ground water levels
fluctuate every month. A precarious competitor should therefore
also be aware of that the random boreholes need not actually be
representative at a given point of time. This does not preclude the
contractor’s right to reasonably rely on the boreholes outcomes as
described in the procurement documents.

Case Study #4 from the U.S.: Foster Constr. C.A. & Williams
Bros. Co., a Joint Venture etc. v. United States (United States
Court of Claims, Case No. 435 F.2d 873, Dec. 11, 1970)

Covering construction of a public infrastructure bridge, the con-
tractual documents included test boreholes report giving account

(15) Mesi¢, M., Racansky, V. Geotechnical Risks in Ausrian Law.
Stavebnictvi, no. 6-7, 2015, s. 62-63.
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skute¢né reprezentativni. Tato skuteCnost vSak nevyluCuje
pravo zhotovitele spoléhat se priméfené na vysledky zkuSeb-
nich vrtd popsanych v zaddvaci dokumentaci.

Pripadova studie #4 z USA: Foster Constr. C.A. &

Williams Bros. Co., a Joint Venture etc. v. United States

(United States Court of Claims, Case No. 435 F.2d 873,

Dec. 11, 1970)

Pri vystavbé mostu vefejné infrastruktury obsahovala
smluvni dokumentace protokoly ze zkuSebnich vrta, které
popisovaly predpoklddané podminky pfi hloubeni zdkladu pili-
fu, konkrétné existenci ,, pomérné vodonepropustnych, stabil-
nich a pevnych materidlii. Geotechnickd dokumentace zakéz-
ky ovSem rovnéz zahrnovala prohldSeni, Ze geotechnické
informace obsazené v geotechnické zpravé a protokolech ze
zkuSebnich vrtu ,, nejsou zarucené, nejsou reprezentativni, a Ze
uchaze¢ se vyzyvd k vyvozeni svych vlastnich zdvérii“.
Zhotovitel predlozil claim z duvodu zastizenf vét§tho mnoZstvi
spodni vody pfi hloubeni pilifi, neZ nasvédCovaly vrty. Claim
byl vefejnym objednatelem zamitnut s odkazem na dolozku
v geotechnické zprdavé, kterd uvddéla, Zze vrty nezaruluji &i
nezbytné nereprezentuji podminky stavenisté. Soudce rozhodl,
ze formulace, jejimz cilem je obecné odmitnuti odpovédnosti
za spravnost zdznamu — tj., Ze tyto zdznamy ,, nejsou zarucené,
nejsou reprezentativni, a Ze uchazeci se vyzyvaji k vyvozeni
svych vlastnich zdveéri“ — nemuZe byt oprdvnénou obhajobou.
Tento pfipad svédéi o tom, Ze povrchné formulované dolozky
odmitajici odpovédnost za geotechnikou dokumentaci nejsou
povazovédny za platny ndstroj presunu geotechnického rizika
z objednatele na zhotovitele.

Pripadova studie #5 z USA: Appeal of Alps Constr. Corp.

v. The Army Corps of Engineers (Armed Services Board

of Contract Appeals ,,ASBCA‘, Case No. 16966, 1973

WL 1894, Sept. 17, 1973)

Zadani verejné zakédzky na vystavbu CistiCky odpadnich vod
zahrnovalo vysledky geotechnickych vrti. Clanek ve zvl4st-
nich smluvnich podminkach v8ak uvadél, Ze tyto vrty repre-
zentuji podminky pouze v jejich konkrétnim provedeni
a svislém rozsahu. TudiZ podminky podpovrchového stavenis-
té¢ mezi vrty musi byt odvozeny zhotovitelem, a ,,jakékoliv
mistni odchylky od charakteristiky dané oblasti“ nebudou
povazovany za duvod pouZiti zménovych smluvnich ustanove-
ni. Smlouva pritom neobsahovala definici ,,mistnich odchy-
lek* nebo zminéné ,oblasti“. Béhem vystavby zhotovitel
uplatnil claim z davodu zastizeni valouni nadmérnych veli-
kosti a horniny projevujici se vétsi tlakovou pevnosti, neZ
ur¢ovala zadavaci dokumentace. Zhotovitel tvrdil, Ze na zakla-
dé geotechnickych vrtd mél zastihnout pouze homogenni kusy
horniny o maximadlni velikosti do cca 13 cm.

Pfi rozhodovani o spravedlivé ndhradé zhotoviteli sendt
soudcu zamitl dva relevantni argumenty objednatele. Nejdifve
sendt konstatoval, Ze prislusné varovani zvlastnich smluvnich
podminek, ze v oblastech mezi vrty mohou byt zastizeny
nadmérné valouny ¢&i inkonzistentni hornina, neni dostate¢né
uréité ¢i jednoznaéné, aby anulovalo zavéry vyvozené
z vysledka geotechnickych vrta. Ddle sendt zamitl i druhy
relevantni argument objednatele, Ze kazdy uchaze¢ musel
predpoklddat, Ze staveniSté zakdzky bude obsahovat i vetsi
kusy raznych typt hornin (nad cca 13 ¢cm). Objednatel posta-
vil svoji obhajobu na skutecnosti, Ze jakykoliv odborny zhoto-
vitel by si musel byt védom, Ze z cca 15 ¢cm profilu prizkum-
ného vrtu je mozné vytézit pouze malé kusy horniny (tj. cca
15 cm a méné): ,, Verejny objednatel tvrdi, Ze tyto rozmery mély
uchazece upozornit na to, Ze jsou nejvetsim moznym rozmérem,
ktery muiZe byt vytéZen z cca 15 cm profilu vrtu.“ Senét se
s touto argumentaci neztotoznil a uvedl, Ze , nikde
v dokumentech poskytnutych uchazeciim nebyl rozmeér profilu

of the foreseen conditions at making foundation pits for the piles, in
particular the presence of “relatively water-impermeable and stab-
le and firm materials*. The geotechnical documents for the con-
tract, however, also included the declaration that the geotechnical
information contained in the Geotechnical Report and records of
the test boreholes “are not guaranteed, not representations and the
bidder is urged to draw his own conclusions“. The contractor sub-
mitted the claim because of his having encountered larger amounts
of ground waters while making excavations for the piles than it had
seemed obvious from the boreholes. The claim was rejected by the
public employer with reference to a clause in the Geotechnical
Report, which presented the boreholes as not warranting or repre-
senting necessarily the site conditions. The judge came to the deci-
sion that the wording aimed at overall refusal of the responsibility
for correctness of the records — i.e. that these records “are not war-
ranted, are not representations, and that the bidder is urged to draw
his own conclusions* — cannot be any equitable defense. This
example gives evidence of that the superficially formulated clauses
rejecting responsibility for the geotechnical documentation are not
deemed as any applicable instrument for transferring a geotechnical
risk onto the contractor from the employer.

Case Study #5 from the U.S.: Appeal of Alps Constr. Corp.
v. The Army Corps of Engineers (Armed Services Board of
Contract Appeals ,,ASBCA*, Case No. 16966, 1973 WL 1894,
Sept. 17, 1973)
The public procurement documents for construction of
a wastewater treatment plant included the geotechnical probing
results. In its section about particular contractual conditions the
article, however, advised that the relevant boreholes represent the
conditions only in their particular form and vertical profile. This is
why the subsurface site conditions between the boreholes must be
derived by the contractor, and “any localized variations characte-
ristics of the region* will not be deemed as any reason for adding
any contractual provisions on variations. The contract also failed
to include any definition of “localized deviations* or “region* in
question. During the construction, the contractor applied the claim
for having come across some excessively sized nuggets and the
rocks showing higher level of pressure strength than designated in
the procurement documents. The contractor argued to have had
encountered (on the basis of prior geotechnical probing) just some
homogenous pieces of rocks sized not more than some 13cm.
While making decisions about compensating fairly the contrac-
tor, the senate of judges rejected the employer’s two relevant argu-
ments. The senate first stated that the relevant warning in the par-
ticular contract conditions that the excessive nuggets or inconsi-
stent rocks may be encountered in the areas between the boreholes
is not enough determinate or unambiguous to annul the conclusi-
ons drawn from the geotechnical probing results. The senate more-
over rejected even the second employer’s relevant argument that
every applicant must have foreseen that the contract site will also
contain larger pieces of various rock types (over ca 13cm). The
employer based his defense on the fact that any dedicated contrac-
tor would have had been aware of that only small pieces of rocks
(i.e. ca 15cm or less) can be extracted from the probing borehole
having some 15cm in diameter: “The Government contends that
these sizes should have alerted a bidder that they were the largest
size that could come out of a six inch tube“. The senate failed to
identify themselves with this argumentation and stated that
,howhere on the documents furnished to the bidders was size of
the tube mentioned* and this is why the applicants could not dis-
cern the employer’s “asserted significance* on dimensions of the
rocks extracted from the boreholes profiled like this.
Case Study #6 form the U.S.: Appeal of Bay West Inc., v. The
Army Corps of Engineers (Armed Services Board of
Contract Appeals ,,ASBCA*, Case No. 54166, Apr. 25,2007)
The objective was to take away roughly 170,000 cubic meters of
excavated and extracted materials from the Mississippi (lowa) for



vrtii zminén“, a tudiz uchaze¢i nemohli rozpoznat ,, zamysle-
ny vyklad“ objednatele o rozmérech hornin vytéZenych
z téchto profild prazkumnych vrta.

Pripadova studie #6 z USA: Appeal of Bay West Inc.,

v. The Army Corps of Engineers (Armed Services Board

of Contract Appeals ,,ASBCA*, Case No. 54166, Apr.

25,2007)

Zakazka spocivala v odvozech zhruba 170 000 kubickych
yardu vyrubaného a odtéZeného materidlu z reky Mississippi
(Iowa) za pau$édlni cenu cca 1,5 mil $. Zhotovitel si vylozil
udaje zaddvaci dokumentace tak, Ze odtéZeny materidl se
bude sklddat predev§im z vyrubaného pisku. Ve svém claimu
zhotovitel pozadoval dhradu dodate¢nych ndkladu spojenych
se zastizenim balvanu, uvolnéné horniny, pytld s piskem
a plastovych f6lii. Specifikace odtéZovani upozornovala
uchazece, Ze maji ocekdvat ,,stromy a jisté mensi mnoZstvi
odpadu“, ktery muze zahrnovat ,,valouny, sut, drdty, parezy
a vétve z provedenych zdsekii a jiny odpad“. Na zdkladé toho-
to upozornéni vetrejny objednatel claim zamitl s oduvodné-
nim, Ze uchazec¢i byli varovani pred moznym vyskytem va-
lounu v odtézeném materidlu.

ProtoZze smlouva neobsahovala rozmérovou definici
,»valounii“, soudce pouZil obecnou slovnikovou definici pri-
rovndvajici valoun k malému kusu horniny. JelikoZ zhotovi-
tel zastihl kusy horniny v rozmezi od velikosti pésti az k cca
60 cm v pruméru (o hmotnosti vice neZ 15 kg), pouhy odkaz
na ,,valouny “ ve specifikaci odtézovani neposoudil soudce za
dostate¢ny k upozornéni zhotovitele na mozné zastizeni
nadmérnych kust horniny, tedy viceméné balvanu. Tento pfi-
pad opét demonstruje skute¢nost, Ze vSeobecné charakteristi-
ky obsahujici vdgni a neméfitelné pojmy jsou pro déinnou
alokaci rizika nevhodné.

Pripadova studie #7 z USA: Whiting — Turner/A.L.

Johnson Joint Venture v. General Services Admin.

(General Services Board of Appeals ,,GSBCA‘, Case

No. 15401, Dec. 5, 2001)

Zalobcem byl v tomto piipadé inZenyr povéfeny vefejnym
objednatelem k rizeni vystavby nové budovy v Atlanté
(Georgia) metodou dodavky ,,Construction Management®.
Podzhotovitel vodotésné komory claimoval zastizeni vyso-
kych pfitoki podzemni vody. V padorysu budovy bylo pro-
vedeno celkem 7 vrtu: tfi podél zdpadniho kraje pudorysu,
které odhalily pfitomnost podzemni vody 11 az 12 m pod
povrchem, jeden vrt ve stfedni ¢dsti pudorysu, ktery odhalil
,potencidl podzemni vody v hloubce 11 m*, a tfi vrty na
vychodni strané pudorysu, které 7ddné podzemni vody neod-
halily.

Zadani popisovalo pritomnost podzemni vody nédsledovné:
., PFitomnost ¢&i nepFitomnost vody ve vrtnych sonddch
v okamZiku vrtdni nutné neznamend, Ze podzemni voda se zde
nebude vyskytovat v jiny okamZik. Hladiny podzemnich vod
sezoné kolisaji a jsou zdvislé na mnoZstvi deStovych srdzek
spadlych v mésici predchdzejicim mésici, ve kterém byly
sondy provedeny.” Navic, zadavaci dokumentace doporuco-
vala uchazedum vzit v dvahu, Zze podminky vymezené zku-
Sebnimi vrty se muZou v ruznych mistech a ruznych dobdch
lisit.

Odvolavajice se na pravidlo, Ze zkuSebni vrty ,,se povaZuji
ce rozhodl, Ze objednateluv pokus o alokaci rizika povaZuje
pouze za ,,obecnd ustanoveni o zbaveni se odpovédnosti*,
kterd nemaji prednost pred konkrétnimi popisy a tdaji vyply-
vajicimi z vrtd: zejména, Ze stfedni a vychodni ¢4sti pudory-
su budovy budou suché.
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the flat price of ca 1.5 million $. The contractor construed the
data from the procurement documents in the way that the
extracted materials would mainly consist of the excavated
sand. In his claim, the contractor requested to be compensated
for the additional cost in connection with occurrence of the
boulders, loose rocks, bags with sand, and plastic foils encoun-
tered. The excavation specifications notified the applicants to
expect “trees and some other minor amounts of debris* that
may include “stones, rubble, wire rope, stumps, trees from
snagging operations, and other debris . Regarding this notifi-
cation, the public employer rejected the claim with the justifi-
cation that the applicants were warned of possible stones
occurrences in the materials excavated.

As the contract failed to include any dimensional definition
of these “stones”, the judge used the broad dictionary-like
definition juxtaposing a stone to a small piece of rocks. As the
manufacturer came upon the pieces of rocks from the ones
sized like a fist to those having up to ca 60cm in diameter
(weighing more than 15kg), mere reference to “stones” in the
excavation specifications was not considered by the judge as
being enough to notify the contractor of the possibility that
excessive pieces of rocks, i.e. more or less boulders might be
encountered. This example again illustrates the fact that the
overall characteristics, containing vague and immeasurable
concepts, are inapt for efficient risk allocation.

Sase Study #7 from the U.S.: Whiting — Turner/A.L.

Johnson Joint Venture v. General Services Admin.

(General Services Board of Appeals ,,GSBCA*, Case No.

15401, Dec. 5, 2001)

Here, the petitioner was an engineer set apart by the public
employer to supervise construction of a new building in
Atlanta (Georgia), using the “Construction Management® met-
hod. A subcontractor for watertight chambers claimed his
encounter with high ground water inflows. The total of 7 bore-
holes were made across the building ground plan, three along
its western borderline, which revealed presence of ground
water 11 to 12m below the surface, one borehole in the midd-
le area, which discovered a “possible groundwater at the
depth of 11m*“, and three boreholes on the eastern edge, which
failed to reveal any ground waters.

The procurement documents gave account of the ground water
presence as follows: “The presence or absence of water in the bore
holes at the time of drilling does not necessarily mean the ground-
water will or willnot be present at other times. Groundwater levels

fluctuate seasonally and are related to the amount of rainfall rece-

ived in months prior to the observations” . Furthermore, the procu-
rement documents addressed the applicants with the recommenda-
tion to take into account that the conditions delineated by the pro-
bing might differ locally and over time.

Referring to the rule that the test boreholes are “considered
the most reliable reflection of subsurface conditions,” the
judge decided to consider the employer’s risk allocation
attempt merely as “broad, exculpatory clauses* that do not
overrate any particular description with the data resulting from
the boreholes probing: mainly that the medium and east parts
of the building ground plan are to be dry.

B. Examples of Purposeful Geotechnical Risk Allocation
Methods
Following the above-described purposeless employer’s geo-
technical risk allocation attempts let’s now pay attention to
a couple of exemplary litigations where the judges accepted
this risk allocation method as partly enforceable:

Case Study #8 from the United Kingdom: Obrascon

Huarte Lain SA (,,OHL‘) v. Her Majesty’s Attorney

General for Gibraltar, EWHC 1028 (TCC), 2014

A public employer entered into the contract, using the form
from the “FIDIC Yellow Book 1999“ (P/DB), whose subject
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B. PFiklady u&elnych zplsob( alokace geotechnického
rizika
Po vySe popsanych neucelnych pokusech objednatele alo-
kovat geotechnické riziko nyni obratime pozornost k ukdzkdm
soudnich prfipada, ve kterych soudci uznali zpusob alokace
tohoto rizika za ¢dste¢né vynutitelny:

Pripadova studie #8 z Velké Britanie: Obrascon Huarte
Lain SA (,,OHL*) v. Her Majesty’s Attorney General for
Gibraltar, EWHC 1028 (TCC), 2014

Verejny objednatel uzavrel smlouvu o dilo podle smluvniho
vzoru ,,FIDIC Yellow Book 1999 (P/DB), jejimz predmétem
byla vystavba silni¢niho tunelu pod pristdvaci plochou letisté
v Gibraltaru za cenu 30,2 mil. £. Utelem zakazky bylo trvalé
zprujezdnéni jediné silni¢ni komunikace spojujici Gibraltar se
Spanélskem vedouci napfi¢ ranveji a uzavirané nepravidelné
vzdy po dobu pristavani letadel. Zakazka byla provdzena
dohady o mimoradné nizké cen¢. Objednatel odstoupil od
smlouvy po dvou a pul letech trvdni vystavby (pivodni lhata
vystavby Cinila 2 roky) a realizaci jen néco mala pres 1/4 roz-
sahu praci. Zhotovitel do té doby vyfakturoval kolem 1/3
nabidkové ceny a odhadoval, Ze dokonceni stavby by si vyZa-
dalo jesté 80 mil. £ navic plus nahradu za provedeni odvod-
néni, dekontaminaci podzemni vody, odtéZeni a uskladnéni
kontaminovaného materidlu. Tyto vykony povazoval zhotovi-
tel za nepredvidatelné a nezahrnul je do nabidkové ceny.
Predmétem sporu bylo jednak, zda objednatel odstoupil od
smlouvy oprdvnéné, a za druhé, zda rozsah mnoZstvi konta-
minovaného vyrubu byl, nebo nebyl predvidatelny zkuSenym
zhotovitelem v dobé podani nabidky.

Ackoliv pruzkumy staveni§té nezaznamenaly extrémni vysky-
ty poruch, zaddvaci dokumentace obsahovala detailni zpravu
o prostredi staveni$té tzv. ,, Enviromental Statement “, ktera upo-
zornovala zhotovitele na to, Ze stavenisté je umisténo v blizkosti
skladisté ropy a v minulosti slouZilo jako stfelnice a misto
jinych vojenskych aktivit. ,, Enviromental Statement* proto
doporucovala uchaze¢um, aby ocenili riziko zastizen{ jistého
mnoZstvi kontaminované zeminy béhem razeb. Zhotovitel kon-
taminovanou zeminu skute¢né zastihl, ov§em v takovém rozsa-
hu a mnoZstvi, které vyrazné prekrocCily jeho ocekdvani
a zpusobily mu obrovské zpoZdéni a ztrity nabourdvajici eko-
nomickou rovnovahu smlouvy. Tato skute¢nost, nezhojitelné
rozpory se zhotovitelem, preruseni razeb a nutnost vypracovani
nové projektové dokumentace zhotovitele predstavovaly nejza-
vaznéjsi duvody pro odstoupeni od smlouvy objednatelem.

Soudce stavebniho a technologického soudu v Londyné roz-
hodl ve vétsi mife ve prospéch objednatele, tedy Ze odstoupe-
ni bylo oprdvnéné a geotechnické podminky v urCité mife
predvidatelné. Soudce zduvodnil sviij postoj tim, Ze zkuSeny
zhotovitel se nemél v tomto pripadé omezovat pri analyze
geotechnickych informaci pouze na prizkumy staveniSté
a vzorky odebrané v dob¢ pripravy zakazky. Mél vzit v ivahu
vzhledem k umisteéni staveni$té rovnéz jeho historické pozadi,
tedy skuteCnost, Ze prostfedi bylo po mnoho staleti ovliviio-
vano vojenskym vyuZitim, které predznamendva pritomnost
tézkych kovu, stopovych chemickych prvku, uhlovodiku
a souvisejicich derivatu. Soudce rovnéZ v rozsudku naznacil,
jak se mél zhotovitel v tomto konkrétnim pripadeé zachovat:
a) vytvorit si cenovou prirdzku spojenou s pravdépodobné
vysokym vyskytem kontaminovaného materidlu; b) naprojek-
tovat si a ocenit dalsi zkuSebn{ vrty za tcelem zmapovani konta-
minace a prijeti vhodnych metod odt€Zovani; c¢) naprojektovat si
a ocenit odstranéni vyrubaného materidlu znecisténého prav-
dépodobné nebezpeénymi latkami. Zhotovitel pri razbé rov-
néz claimoval zastiZeni vét§tho mnozstvi pevnéjsi horniny,
nez predpokldadalo zadani. Tento ndrok soudce uznal i pres

was construction of a road-traffic tunnel under runway of the
Gibraltar Airport for the price of 30.2 mil. £. Purpose of the
contract was to make the only road connection between
Gibraltar and Spain, routed across the runway and being there-
fore randomly closed whenever the planes were landing, per-
manently passable. Polemics around this incredibly low price
accompanied the tender. Having realized just a little above
a quarter of the contract scope, the employer rescinded from the
contract after two and half year of the construction works (ini-
tial time for completion was 2 years). Since then, the contrac-
tor had invoiced about 1/3 of the tender price, estimating that
the project completion would require extra 80 mil. £ plus com-
pensation for the drainage carried out, ground water deconta-
mination, extraction and dumping of the contaminated materi-
als. The contractor deemed these performances as unforeseeab-
le, not having included them in his tender price. The dispute
went on around two things, firstly, whether or not the employ-
er rescinded from the contract equitably, secondly, whether or
not the scope of the contaminated dugout quantities were fore-
seeable by an experienced contractor at the bid submission.

Even though the site investigations failed to record any
extreme defective occurrences, the procurement documents
included a detail report about the site environment, so-called
“Environmental Statement*, reminding the contractor of the
fact that the site is situated near the crude oil storage grounds
and that it was used as a shooting range and field for other
military activities in the past. The “Environmental Statement
therefore gave to the applicants the recommendation to assess
the risk of encountering an amount of contaminated earth
during the tunneling. The contractor actually came upon the
contaminated earth, but to such an extent and in such amounts
largely in excess of his expectations and caused him a huge
delay and losses that broke any balance of economy in the con-
tract. This fact, unhealable conflicts with the contractor, sus-
pension of tunneling, and the necessity to prepare a new con-
tractor’s design documents were the most serious reasons
behind the employer’s termination of the contract.

Judge of the Technology & Construction Court in London made
resolution rather largely in favor of the employer, i.e. that his
withdrawal was equitable and the geotechnical conditions fore-
seeable to an extent. The judge gave a rationale in support of his
stance, saying that an experienced contractor should not have
confined himself, while analyzing the geotechnical information,
only to site investigations and the samples taken while the project
was being prepared. Regarding the site location, he should also
have taken into account its historical background, i.e., the fact that
that the environment was being, over many centuries, influenced
by its military utilization, which presignals presence of heavy
metals, trace chemical elements, hydrocarbons, and related deri-
vates. The judge also suggested in the judgment a desirable con-
tractor’s conduct in such a particular case: a) to set up a price sur-
charge in connection with a likely high occurrence of contamina-
ted materials; b) to outline and assess other test boreholes for
mapping of the contamination and adoption of suitable extraction
methods; ¢) to outline and assess removal of the excavated materi-
als contaminated with potentially hazardous substances. While tun-
neling, the contractor also claimed encounter with larger amounts of
more compact rocks than foreseen in the procurement documents.
The judge accepted this claim even despite the employer’s argu-
mentation that an experienced contractor should have foreseen even
4-times more of these solider rocks.

Case Study #9 from the U.S.: International Technology

Corp. v. Donald C. Winter (U.S. Ct. of Appeals for the

Federal Circuit, Case No. 523 F.3d 1341, Apr. 18, 2008)

The contractor undertook to a public employer to remove the
contaminated earth from the grounds managed by the navy on



argumentaci objednatele, Ze zkuseny zhotovitel mél predvidat
jesté cca Ctyrikrat vice této pevnéjsi horniny.

Pripadova studie #9 z USA: International Technology

Corp. v. Donald C. Winter (U.S. Ct. of Appeals for the

Federal Circuit, Case No. 523 F.3d 1341, Apr. 18, 2008)

Zhotovitel se zavdzal vefejnému objednateli, Ze odtézi konta-
minovanou zeminu z prostor spravovanych vile¢nym lodstvem
na zdkladé nakladové ceny (cost plus). Jeho podzhotovitel vuci
nému uplatnil subdodavatelsky claim. Tento claim byl zaloZeny
na skutecnosti, Ze kontaminovand zemina obsahovala vySsi
mnozstvi jilu, nez predpoklddala zaddvaci dokumentace.
Podzhotovitel tvrdil, Ze podil koncentrace jilu v kontaminované
zeminé vyssi nez 10 % zvysil jeho ndklady na zdbéry plynulého
odtéZzovani z divodu omezené propustnosti zeminy.

Soudce se tudiz musel zabyvat predbéznou otdzkou, zda zada-
vaci dokumentace jako celek vibec uvddéla podil obsahu jilu
v kontaminované zeminé mensi neZ 10 %. Prvni ze dvou zada-
vacich podkladi charakterizujicich geologické podminky stave-
nisté obsahoval tabulku nazvanou ,,charakteristiky zeminy“. Ta
zahrnovala devét vzorku s ddaji o podilu obsahu jilu v kon-
taminované zeminé v rozmez{ od 6 % do 11 %. Nicméné druhy
zadavaci podklad uvadél podil obsahu jilu v kontaminované
zeminé od 23 % do 28 %.

Soudce zamitl subdodavatelsky claim ze dvou hlavnich duvo-
du. Za prvé, informace obsaZené ve druhém zaddvacim podkla-
du o podilu obsahu jilu 23-28 % zabranuji odpovédnému zho-
toviteli interpretovat smluvni dokumentaci tak, Ze predpovida
pouze niz§i stupen podilu pritomnosti jilu uvadéném v prvnim
zaddvacim podkladu (v rozmezi od 6 % do 11 %). Za druhé
soudce rozhodl, Ze rozdily v obou zaddvacich podkladech mély
slouzit odpovédnému zhotoviteli jako varovéni, Ze problémy
s propustnosti miZou znamenat prekdzku efektivniho vyuZiti
odtézovaci technologie.

Pripadova studie #10 z Velké Britianie: Van Oord UK
Limited & Sicim Roadbridge Limited v. Allseas UK
Limited, EWHC 3074 (TCC), 2015

Zakazka spolivala ve vystavbé plynového potrubi na
Shetlandskych ostrovech. Podzhotovitel Zaloval generdlniho
dodavatele o cca 10 miliont £ jako ndhradu za prekondnf{ pre-
kéZek praci zpusobenych nepfedvidanymi podpovrchovymi
podminkami. Podzhotovitel z duvodu zastizeni hlubsi vrstvy
raSeliny, nez predpokladala predsmluvni dokumentace, pouzil
jinou metodu razeb, nez uvazoval pri pfiprave nabidky, ¢imz mu
narostl ¢as a ndklady nezbytné pro dokoncenf dila.

Soudce zamitl subdodavatelsky claim z téchto hlavnich duvo-
du: Prvni duvod byl formdlni, tedy zhotovitel nesplnil notifi-
kaéni pozadavky definované ve zménovych ustanovenich
smlouvy. Konkrétné nedoruéil véas zadost o variaci metody
razby, a ddle formélné¢ ozndmil ndrok pouze na prodlouzeni
Casu, bez explicitniho odkazu na zvlastni ustanoveni smlouvy
tykajici se ocenéni variaCnich praci. Druhym duvodem byla
skute¢nost, Ze zadani ani prijatd nabidka nebyly omezeny na
konkrétni technologii razby. Zvoleni metody vystavby pattilo
ryze do sféry odpovédnosti zhotovitele. Za tieti zhotovitel neu-
nesl dukazni bfemeno, Ze jako zkuSeny subjekt nemohl podpo-
vrchové podminky rozumé predpokladat, napriklad nepredlozil
relevantni znalecky posudek. Za ¢tvrté soudce konstatoval, Ze
zkuseny zhotovitel se pii pripravé nabidky nemuze omezovat na
geotechnické informace obsazené v predsmluvnich dokumen-
tech, tedy musi s uréitou rozumnou mirou nepredvidatelnosti
v nabidce poéitat. Poslednim hlavnim davodem zamitnuti clai-
mu byla skute¢nost, Ze zhotovitel nedokdzal prokazat spojitost
mezi predsmluvni informaci o predpoklddané mocnosti vrstvy
raseliny a svym ocenénim prislusnych jednotkovych cen
a polozkovych sazeb. Ocenéni téchto praci totiz podzhotovitel
provedl jesté pred obdrZenim predsmluvni dokumentace. To
narusilo celou koncepci jeho claimu.
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the cost plus basis. His subcontractor raised a subcontractor’s
claim against him. This claim was based on the fact that the
contaminated earth contained more clay than foreseen in the
procurement documents. The subcontractor held that the clay
concentration percentage in the contaminated earth over 10%
increased his cost for continuous extraction steps because of
the earth’s limited permeability.

The judge had therefore to deal with the issue whether or not
the procurement documents as a whole did, at all, mention any
clay contents in the contaminated earth as less than 10%. The
first of the two procurement sources, characterizing the site
geological conditions, contained a chart inscribed “Soil
Characteristics . This chart included nine samples with infor-
mation on the clay contents in the contaminated earth as ran-
ging from 6% to 11%. Nevertheless, the second procurement
source advised clay contents in the contaminated earth as ran-
ging from 23% to 28%.

The judge rejected the subcontractor’s claim for two main
reasons. Firstly, the information contained in the second pro-
curement source (on clay percentage between 23-28%) pre-
vent any responsible contractor from interpreting the contrac-
tual documents as foreseeing only a lower level of clay porti-
on stated in the first procurement source (ranging from 6% to
11%). Secondly, the judge decided that the differences betwe-
en both procurement sources should have been understood by
a responsible contractor as a warning that the permeability
problems may imply an obstacle precluding any effective use
of the earth extraction plant.

Case Study #10 from the United Kingdom: Van Oord UK
Limited & Sicim Roadbridge Limited v. Allseas UK
Limited, EWHC 3074 (TCC), 2015

The contract’s objective was to construct a gas pipeline on
the Shetland Islands. The subcontractor filed a lawsuit against
the main contractor, claiming from him ca 10 million £ as
compensation for overcoming the obstacles in work due to
unforeseen subsurface conditions. As having encountered dee-
per layers of peat than foreseen in the pre-contract documents,
the subcontractor employed a different method of tunneling
than he had planned during compilation of his bid, which inc-
reased his time and cost for completion of the work.

The judge rejected the subcontractor’s claim for the follo-
wing main reasons: The first reason was formal, i.e. the con-
tractor failed to meet the notification requirements defined in
the variation-related provisions of the contract. In particular,
he failed to timely deliver a tunneling method variation requ-
est, having moreover announced only a time extension claim
without any explicit reference to a particular contractual pro-
vision concerning the assessment of the variation works. The
second reason was the fact that neither the procurement docu-
ment, nor the bid accepted did confine itself to any particular
tunneling technique. Selection of a particular method of con-
struction was solely up to the contractor. Thirdly, the contrac-
tor failed to withstand burden of proof as, despite of being
experienced, he could not reasonably foresee the subsurface
conditions, failing, for example, to submit a relevant expert
opinion. Fourthly, the judge stated that an experienced con-
tractor, while preparing a bid, cannot confine himself to the
geotechnical information from the pre-contract documents,
and must therefore reasonably reckon with a reasonable level
of unforeseeability. The last main reason behind the claim
rejection was the fact that the contractor was unable to show
connection between the pre-contract information on foreseen
thickness of the peat layer and his assessment of the respecti-
ve unit prices and item rates. In fact, the subcontractor carri-
ed out assessment of these works still before receiving the
pre-contract documents. This disrupted entire concept of his
claim.
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ZAVER

Kontinentalni i angloamericky pravni systém vcetné pri-
slu$né judikatury a sektorovych zvyklosti se ve vétSiné pripa-
du shoduji v tom, Ze riziko odli§nych geotechnickych podmi-
nek a dals{ skrytd rizika pozemku staveni$té patii pri vystav-
bé v podzemi vlastnikovi stavenisté, tedy typicky objednateli.
Vzdy je ovSem nutné vzit v potaz vliv mistniho rozhodného
préava.

Staveni§té véetné jeho podlozi a dostupnych geotechnic-
kych prognéz o jeho vlastnostech se obecné povazuji za véc
predanou objednatelem zhotoviteli k provedeni dila, a proto
objednatel zodpovidd za jakékoliv jeji nedostatky, které
ovliviiuji provedeni praci zhotovitele. Této skutecnosti ov-
Sem zhotovitel nemuZe zneuzivat k jakymkoliv spekulacim
ve své nabidce, naopak musi jako profesiondl (zkuSeny zho-
tovitel) staveni$té a dostupné udaje primérené prezkoumat
a objednatele pred moZznymi komplikacemi varovat. Zho-
toviteli se doporucuje vést zdznamy o tom, Ze nijak nezane-
dbal tuto svoji odbornou pé&i, a kromé zaddvacich podklada
primefené prezkoumal i vSechny ostatni dostupné tudaje
o stavenisti a zicastnil se prohlidky stavenisté (byla-li umoz-
néna). VZdy se ovSem tato jeho Cinnost musi posuzovat
s ohledem na Cas pro pripravu nabidky, obvyklé naklady na
pripravu nabidky a dostupnost staveni$té. Zhotovitel musi
mit schopnost rozumné oduvodnit interpretaci t€chto ddaja
a zpusob jejiho promitnuti do své nabidkové ceny. Zhotovitel
musi téZ vénovat zvySenou pozornost textu smlouvy a za-
ddvaci dokumentace z hlediska alokace rizika a jeho povin-
nosti v prubéhu realizace z hlediska fizeni geotechnickych
rizik.

Smluvni ujedndni o sdileni nebo prevzeti geotechnického
rizika zhotovitelem jsou v rdmci soukromopravniho principu
svobodné viule sice dovolend, ale musi se v takové situaci
postupovat promySlené, v dobré vife a odpovédné. Sdileni
nebo prenos geotechnického rizika musi byt predevsim trans-
parentni. Vyznam transparentnosti je typicky povySen
u verejnych zakdzek. JelikoZ pujde vzdy o vyraznou odchyl-
ku od obecnych prdavnich principu i stavebnim sektorem
vyvinutych doporucujicich norem, bude kazdé pripadné pre-
nechdni geotechnického rizika zhotoviteli spjato s pfisnéjSim
soudcovskym prezkumem, co se ty¢e ureni meznich hodnot
pro prevzeti tohoto rizika a spravedlivé odmény za prevzeti
tohoto rizika. Netransparentni pfeneseni geotechnického rizi-
ka na zhotovitele se v ramci kalkulace nabidky ve vefejnych
tendrech miZe projevit tim, Ze nabidky jednotlivych uchaze-
¢U budou neporovnatelné. Tim objednatel vytvori vyhodu pro
ty uchazece, ktefi geotechnicka rizika nezahrnou do své ceny,
¢imz se automaticky generuji dalsi velkd rizika ovliviujici
efektivitu zakazky. Objednatel proto musi prfi rozhodnuti
o mife alokace geotechnického rizika zhotoviteli nastavit
v8em uchazecum stejné vychozi geotechnické podminky pro
ocenéni. V opatném pripadé dojde pravdépodobné k netran-
sparentnimu ocenéni. Neoceni-li uchaze¢ transparentné takto
stanovené riziko, méla by jeho nabidkova cena nebo jeji pri-
slu§nd &dst byt prezkoumédna pro podezieni na mimoradné
nizkou cenu.

Smluvni podminky zakazky pak musi obsahovat ustanove-
ni Fe$ici odlisné podminky stavenisté véetné mechanismu
kompenzace pfi zastizeni odlisnych podminek, mechanismu
Cerpani rezervy, postupl pro véasné feSeni a prevenci S§kod,
jako je povinnost varovat, povinnost ozndmit naroky na
kompenzace pod sankénimi lhitami a registr rizik. Zho-
tovitel musi dédle ctit zasadu prevence $kod a minimalizovat
negativni dopady nepredvidatelnych uddlosti a ve svém
zdjmu vést samostatné zdznamy o dopadu nepredvidatelnych

SUMMARY

Including their case laws and sector habits, both the conti-
nental and Anglo-American law systems mostly agree in that
the risk of different geotechnical conditions and other hidden
risks that cling to the site grounds belong, in underground con-
struction, to the site owner, typically therefore an employer.
Influence of a local governing law, however, must always be
taken into account.

Including its subsoil and available geotechnical prognoses
on its features, the site is widely perceived as an item han-
ded by an employer over to a contractor for execution of
a work, and this is why the employer is responsible for any
drawbacks that will influence execution of the contractor’s
work. The contractor cannot, however, misuse the above for
any speculations in his bid, but — on the contrary, must — as
a professional (experienced contractor) reasonably review
the site and available data, and warn the employer of poten-
tial complications. The contractor is recommended to keep
records of that he has not neglected this professional care in
either way and of his having reasonably scrutinized not only
the procurement sources, but also all the available site infor-
mation and of his having taken part in the site inspection (if
allowed to do so). But this activity of the contractor must
always be assessed in respect of the bid preparation time
span, of usual bid preparation cost, and site availability. The
contractor must have ability to reasonably justify interpreta-
tion of these data and the way they will find their reflection
in the tender price. The contractor must also pay more atten-
tion to wording of the contract and procurement documents
from the viewpoint of risk allocation and of his duties
during the realization, regarding the geotechnical risk mana-
gement.

Although the contractual arrangements on geotechnical risk
sharing or acceptance are allowed, based on the free-will prin-
ciple, but the relevant advance must be — in such a situation —
sophisticated, in good faith, and responsible. Geotechnical risk
sharing or transfers must mainly be transparent. Importance of
transparency is typically enhanced in public contracts. As it is
always a bold deviation from widely applicable law principles
and from the unbinding standards developed in the constructi-
on industry, every potential transfer of the geotechnical risk
onto the contractor will be tied up with a more rigorous judge-
’s review as to the specification of this risk acceptance limits
and to a fair remuneration therefore. A non-transparent transfer
of the geotechnical risk onto the contractor can — within the
public tender bid estimations — find its reflection in incompa-
rability of the individual applicants’ bids. The employer will
thus do favor to the applicants who will not include the geo-
technical risks in their prices. This will automatically give rise
to additional great risks with impacts on the project efficiency.
While deciding about the geotechnical risk allocation level,
the employer must set the same initial geotechnical conditions
for assessment to all the applicants. Otherwise, a non-transpa-
rent assessment will likely result. If an applicant fails to trans-
parently assess the risk stipulated like this, his tender price or
its relevant portion should be checked for an extraordinarily
low price.

The project’s contractual conditions must then contain
a provision dealing with the different site conditions, including
the mechanism for compensations should different conditions be
encountered, the mechanism of withdrawals from reserve, pro-
cesses for settling timely and preclude damages, such as the duty
to warn, the duty to report the compensation claims subject to
penalization dates, and register of risks. The contractor must furt-
her honor the damage prevention principle and minimize adver-
se impacts of unforeseeable events and keep — in his own inter-
est — separate records of impact of the unforeseeable conditions



podminek zdkladové pudy do Easu a néakladu tak, aby unesl
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OBECNA POZNAMKA K POJMOSLOVI

Zakladni tdcastniky stavebni zakdzky pojmenovavd praxe vzdy
podle toho, v jaké spolecensko-pravni poloze se doty¢né osoby
v prislusné fazi zakdzky nalézaji. Pokud tento ¢lanek pouzivd pojem
,,objednatel“, rozumi tim pro zjednoduSeni osobu, kterd (i) vytvar{
zamér néco postavit, (ii) specifikuje cil, kterému bude stavba slouzit,
(iii) kterd opatruje penize k jejich preméné na stavbu a (iv) vyhleddva
osobu, kterd stavbu postavi. Pokud by jinak pravnimu kontextu ¢lan-
ku vyhovovalo presnéjsi oznaceni osoby objednatele (napr. ,,inves-
tor*, ,,stavebnik®, ,,zadavatel“, ,,zdkaznik", , financiér* apod.), nedéje
se tak ryze z davodu zjednodusent a sjednoceni nazvoslovi.

RovnéZ pojem ,, zhotovitel “ pouZivé Clanek jako zkratku pro ruznd
oznaceni této osoby (napf. ,,stavebn{ podnikatel”, ,,dodavatel“, , ucha-
zeC* apod.).

Oznacenim ,,sprdvce zakdzky* tento ¢lanek pojmenovavd osobu,
kterou najimé objednatel nejcastéji na zdkladé smlouvy o poskytnuti
sluzby, a ktera se zabyva koordinaci, monitorovanim, dohlizenim na
soulad s normami, potvrzuje provedené préce, zkousi je a prejima, rea-
lizuje zménovd fizeni, fesi otdzky zmén ceny a harmonogramu,
vyhodnocuje claimy, interpretuje obsah smlouvy a je povinnd vyvijet
Gsili k predchédzeni sporam. Pokud by jinak pravnimu kontextu &ldnku
vyhovovalo presnéj§i oznaceni osoby spravce zakdzky (napr. ,,sprav-
ce stavby“, ,.stavebni dozor", ,,zastupce objedntele, ,,manaZer reali-

zace”, , certifikdtor”, ,,administrator”, ,,inZzenyr apod.), nedéje se tak
ryze z duvodu zjednoduSent a sjednoceni nazvoslovi.

Prispévek se stejnym ndzvem a obdobnym obsahem byl autory pre-
zentovan v ramci ,,Sekcie 5. Zmluvné vztahy a manaZment rizik
a doplrujiice predndsky “ u prileZitosti konference s mezindrodni icas-
ti ,, Tunely a podzemné stavby 2015, poradané Slovenskou tuneldr-
skou asociaci (STA) ve dnech 11.~13. listopadu 2015 v Ziling (SK).

RovnéZ byl obsah tohto ¢lanku pod stejnym ndzvem zarazen mezi
prispévky ,,13. Mezindrodni konference — Podzemni stavby Praha“
a,,3. Vyichodoevropské tuneldrské konference (EETC 2016)“, porada-
né Ceskou tuneldfskou asociaci (CZTA) ve dnech 23.~25. kvétna 2016
v Praze (tematickd sekce 7. Rizika, smluvni vztahy a financovdni).
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in the foundations subsoil on time and cost, so that he could
withstand the burden of proof.
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GENERAL NOTE TO USE OF TERMINOLOGY

The practice identifies the essential participants of construction
project always depending on their social-legal position concerned
respective stage of the project. If this article uses the term “emplo-
yer”, it means for easier understanding the person, who (i) generates
an intention to build something, (ii) specifies the purpose of the con-
struction, (iii) provides funds for their conversion into the construc-
tion and (iv) searches for the person who will build the construction.
If should otherwise the legal context of the article comply with more
accurate identification of the employer (e.g. “investor”, “builder”,
“owner”, “principal”, “client”, “provider” etc.), it is purely for the
reason of easier understanding and unifying of terminology.

It is also used in the article the term “contractor” as abbreviati-
on of various indications of this person (e.g. “construction entre-
preneur”, “supplier”, “bidder” etc.).

Under the term “contract administrator* this article means
a person hired by the employer on a professional service agreement
basis, who deals with coordination, monitoring, supervision of
compliance with standards, who certifies the works done, testing,
taking over, who participates in variation, price and time manage-
ment, claim evaluation, contract interpretation and dispute avoi-
dance. If should otherwise the legal context of the article comply
with more accurate identification of the contract administrator (e.g.
“engineer”, “employer’s agent”, “employer’s representative”,
“construction manager”, “certifier”, “determiner” etc.), it is purely
for the reason of easier understanding and unifying of terminology.

“«

A contribution with the same title and similar contents has been
presented by the authors within “Sekcie 5. Zmluvné vztahy
a manaZment rizik a dopliujiice predndsky* at the internatinal
conference “Tunely a podzemné stavby 2015“, held by Slovenskd
tunelarskd Asociaci (Slovak Tunneling Association — STA) in Nov.
11 to13 2015 in Zilina (SK).

The content of this article with the same title has been also inclu-
ded between contributions of ,, 13" International Conference -
Underground Construction Prague 2016“ and , 3 Eastern
European Tunnelling Conference (EETC 2016)“, held by Czech
Tunneling Association (CzTA) in May 23 to 25 2016 in Prague
(Session 7. Risk Management, Contractual Relationships
and Funding).
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C310 TUNELY POD TEMZI
CROSSRAIL C310 THAMES TUNNEL

RIKU TAURIAINEN, RAINER RENGSHAUSEN, ANDREAS RAEDLE

ABSTRAKT

Projekt Crossrail byl v casopise Tunel jiz nékolikrdt zminovany, a proto zde neni tfeba ho znovu popisovat z celkového pohle-
du. Uvddeény prispévek se vénuje samostatné ¢dsti projektu Crossrail, kterd nese oznaceni C310 — Tunely pod TemZi. Projekt C310
se nachdzi ve vychodni ¢dsti Londyna v oblasti Woolwich a spolecnost HOCHTIEF jej realizovala v horizontdlnim sdruZeni se
spolecnosti Murphy. Jednd se o velice zajimavou tunelovou stavbu raZenou kombinovanymi Stity s radou technickych aspektii, se
kterymi se bylo nutno v pritbéhu pfipravy i realizace stavby vyporddat. Zejména §lo o posouzeni rizik optimdlni volby stroje vhod-
ného do specifickych a velmi sloZitych podminek razby a proces separace vytéZeného materidlu. Usek C310 spojuje portdlové
oblasti Plumstead a North Woolwich dvéma tubusy budouci Zeleznice, jejichZ délka je priblizné 2,6 km a vnitini prumér kazdého
tunelu je 6,2 m. Usek C310 byl razen dvéma stejnymi §tity s vnéjsim primérem 7,12 m, kaZdy razil jednu tunelovou troubu a jejich
vzdjemny odstup byl priblizné 3 mésice. Maximdlni dosaZeny tydenni postup byl 156 m. Sdruzeni Hochtief — Murphy ziskalo za
tento projekt ocenéni ,,Green Line Award“ za dodrZeni vysokého standardu vlivu stavby na Zivotni prostredi v priibéhu realizace.

ABSTRACT

General information about the Project Crossrail have been published in periodical Tunel many times so due to this fact there
is no need for another description of the project from its global point of view. This paper is aimed to standalone part of the
Crossrail Project called C310 — Thames tunnel. HOCHTIEF Murphy Joint Venture (HMJV) was responsible for the construction
of two tunnels underneath the River Thames, under the contract name C310 Thames Tunnel. C310 is a challenging project exca-
vated by two mixed shields with a few technical aspects which have to be handled during the preparation phase and during the
realisation of the project. The most important aspects were especially risk evaluation process for optimal machine election for
excavation in very difficult and specific geotechnical behaviour and separation process of excavated material. The contract C310
comprises the construction of both the Plumstead and North Woolwich Portals, as well as the twin tube Thames Tunnel which has
a length of approximately 2.6km between the two portals and inner diameters of tunnel tubes are 6.2m. Section C310 has been
excavated by two mix shields with outer diameter 7,12m, each shield for one tunnel tube. First shield started approximately
3 months before the second shield. Hochtief — Murphy JV received a ‘Green Line award‘ for reaching Crossrail’s high standard
of environmental engagement.

UvOD A ZAKLADNI INFORMACE O PROJEKTU

Termin zahdjeni praci na kontraktu oznaceném C310 byl podle
smlouvy pldnovan na zacétek brezna roku 2011. Vystavba tune-
lového portdlu Plumstead zacala v listopadu roku 2011. Star-
tovaci jama byla priblizné 500 m dlouhd a hlubokd byla 20 m.
Byla zajiSténa podzemnimi sténami a prevrtdvanymi pilotovymi
sténami. V dusledku vysoké hladiny podzemni vody v okolf sta-
vebni jamy vyZzadovala stavba specidlni odvodnovaci opatfeni
v prubchu realizace s cilem do¢asné dpravy vodniho rezimu. Na
trase bylo tfeba vybudovat dalsi trvalé, pripadné docasné otevre-
né stavebni jdmy pudorysnych rozméri od 4,5 do 25 m
s hloubkou do 15 m (pro vystavbu propojek, vyménu feznych
ndstrojd, atd.). Tyto konstrukce byly stavény bud za pomoci keso-
nu jako kruhové Sachty pazené segmentovym osténim, pripadné
zapaZeny $t€tovnicovymi sténami nebo prevrtdvanymi pilotovy-
mi sténami. Samotné razby byly zahdjeny v lednu 2013

INTRODUCTION AND BASICAL INFORMATION
ABOUT THE PROJECT

Contract commencement date was in early March 2011; in
November 2011 the construction of the tunnel portal at
Plumstead commenced. The launch and reception shafts for
the TBMs comprise cut and cover approach structures of app-
roximately 500m in length and 20m in depth which were con-
structed by diaphragm walling, secant, rotary bored and CFA
piling. Due to the high water table, variable ground conditions
and adjacent assets, the excavations required substantial tem-
porary supports and extensive dewatering schemes with
recharge. Other temporary and permanent shafts (due to the
cross passages construction, possible change of excavation
tools, ...) were constructed with sizes ranging from 4.5 to 25m
and depths of up to 15m. These have been constructed by wet

a predpokladané dokonceni razeb vcetné propojek a Cerpacich
jimek bylo v zafi 2014. SdruZeni tento termin splnilo. Dokoncen{
veskerych praci probéhlo v prubéhu roku 2015.

C310 byl ndro¢ny projekt jak technicky, tak provozné, a to kvali
umistnéni stavby do centra mésta a slozitym geotechnickym pod-
minkdm. Razba probihala v proménlivych geologickych podmin-
kdch (thanetsky pisek, sedimenty fi¢ni terasy /Sterk/ a kiida
/mékka karbornatova sedimentdrni hornina/) pod hladinou pod-
zemni vody (obr. 1). Pod fekou TemZi maji tunely nadloZi pouze
priblizné 12 m. Rizeni tunelovacich praci muselo brat v Gvahu
pusobeni zmén tlaku souvisejicich s piilivem a odlivem na fece
TemZi. Ddle byla razba pod fekou TemZ{ uréovana ¢asto silné€ poru-
Senou a zvétralou kiidou, vrstvami terciérich pisku a kvartérnimi
fluvidlnimi sedimenty. Tunel prochdzi pod nekolika pamatkove

caisson techniques with precast segmental linings, sheet piling
and secant piling. The main tunnelling works started in
January 2013 and the anticipated completion of the tunnelling
work including cross passages and pump sumps is September
2014, which was met by the Joint Venture. Completion of the
whole works was as expected mid June 2015.

C310 is a challenging project, both technically and operati-
onally, due to its location and difficult geotechnical conditi-
ons. The two TBMs will drive through varying ground condi-
tions (Thanet Sand, River Terrace Deposit (Gravel), and
Chalk) below the water table (see Figure 1). During the drive
under the River Thames, the tunnels will only have an over-
burden of approximately 12m. The effect of pressure variation
due to the tidal River Thames has to be accounted for in the
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Obr. 1 Schématicky podélny geologicky profil
Fig. 1 Schematic geotechnical longitudinal section

chranénymi budovami stupné II (budovy zvlastniho zdjmu,
u nichZ je tfeba zarucit dosazeni veskerého usili k jejich ochrane),
inzenyrskymi sitémi, bezprostiredné podél provozovanych Zelez-
ni¢nich trati a pobliZ stdvajicich tuneli metra.

GEOTECHNICKE A HYDROGEOLOGICKE POMERY

Zjisténé (zastizené) kvartérni sedimenty fi¢ni terasy lze
popsat jako stfedné az velmi propustné, Sedohnédé nebo tmavé
Sedé, lehce prachovité, slabé jilovité §térky, s pfimési jemného
az hrubého pisku a jemnym aZ hrubym polozaoblenym aZ zaob-
lenym pazourkovitym Stérkem. Podil frakei je proménlivy od
Stérkovitého pisku az po piscity Stérk. PrileZitostné se v ném
nachézeji i kaminky kfemence a pazourky.

Thanetsky terciérni pisek je prevdzné souvrstvim jemnozrn-
ného pisku ve vyssich polohach a pisku se zvySenym obsahem
jili v bazdlnich vrstvdch. Nezvétralé souvrstvi je Sedé az hné-
dosedé, prechazi do svétle nazloutlé Sedé barvy. Podlozni vrst-
vy Bullhead Bed jsou tvoreny slepencem ze zaoblenych hru-
bych pazourkovitych valounu a pecek v tmavé zeleno-Sedém
jilovito-pis¢itém tmelu. Popisuje se jako propustny aZ velmi
propustny.

Priblizné 80 % pri¢ného fezu tunelu C310 se nachazi v kiide.
Kfida se obecné povazuje za slabé zpevnénou sedimentérni hor-
ninu s velmi nizkou pevnosti tvofenou bilym vdpencem ze zbyt-
ki schranek submikroskopického planktonu. Na rozdil od
mnoha vdpencu je na tzemi Velké Britanie kiida velmi rozsite-
né, a to v dusledku svého ryze planktonického puvodu. Dva
rysy, které je v kiidé béZné mozné nalézt, jsou pazourky
a slinové oblasti. Pazourek je mikrokrystalickd kfemennd horni-
na, kterd se objevuje rozptylené, obvykle ve formé Cernych
pecek nebo deskovitych pdsa ¢i ploch. Pazourky jsou velmi
tvrdé a kiehké a kontrastuji tak s pomérné slabé zpevnénou
matrici kfidy. Slinové oblasti jsou mista se zvySenou koncentra-
ci jilu.

control of the tunnelling. Additionally, the drive under the
River Thames is characterized by fissured and weathered
Chalk and layers of discontinued sediment discharge. The tun-
nel will pass underneath several grade II listed buildings, uti-
lities, adjacent to operational railway tracks and close to exis-
ting subway tunnels.

GEOTECHNICAL AND HYDROGEOLOGICAL CONDITIONS

The encountered River Terrace Deposits (Gravel) are typi-
cally described as: medium dense to very dense, grey (orange
or green) brown or dark grey, slightly silty, slightly clayey,
fine to coarse sand and fine to coarse subangular to rounded
flint gravel. The sand and gravel proportions varied from very
gravelly sand to sandy gravel. Quartzite and flint cobble are
found occasionally.

The Thanet Sand is predominately a sequence of coursing
upward fine-grained sand, with higher proportions of clay and
silts in the lower part. The unweathered formation is grey to
brownish grey, and at the surface it weathers to a pale yello-
wish grey. The basal Bullhead Bed is a conglomerate compri-
sed of rounded coarse flint gravels and nodular flints in
a matrix of dark greenish grey, clayey fine to coarse grained
sand. It is described as dense to very dense.

Approx. 80% of the C310 tunnel cross section is located in
chalk. Chalk is generally considered to be a soft/weak rock,
very pure white limestone formed from the skeletal remains of
submicroscopic algae. However, unlike many limestones,
chalk is very widespread as a consequence of its entirely
planktonic origin. Two features commonly found in Chalk are
flints and marl seams. Flint is a microcrystalline silicarock that
occurs as dispersed, usually black nodules or as tabular bands
or sheets. Flints represent very strong, brittle inclusions in
contrast to the comparatively weak host Chalk matrix. Marl
seams are horizons with increased concentrations of clay.
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Obr. 2 Startovaci jama v oblasti zdpadniho portdlu Plumstead
Fig. 2 Launching shaft at the location of west Plumstead portal

Tunel C310 prostupuje dvéma raznymi souvrstvimi kiidy —
Haven Brow Beds a Cuckmere Beds. Svrchni partie souvrstvi je
nesoudrznd, silné zvétrald a je mozné ji popsat jako bilou kfidu
nizké objemové hmotnosti, jejiZ pevnost i objemova hmotnost
se zlepSuji s hloubkou. InZenyrskogeologické tfidy kfidy jsou
v rozpéti od A do Dc. Tfida kiidy Al je povaZovdna za nejvys-
§i kvalitu horniny a tfida Dm je povazovana za nejhorsi kvalitu
horniny. CIRIA 574 zavadi obecny postup pro klasifikaci kfidy
v zdvislosti na objemové hmotnosti, vyskytu a vzddlenosti ploch
nespojitosti.

V oblasti Londyna jsou dvé zvodné. Hlavni, hlubokd zvoden
se nachdzi v souvrstvi kfidy a druhd, mélkd zvoden v sedi-
mentech fi¢n{ terasy.

Ve vychodni ¢&dsti Londyna jsou tyto dvé zvodné v hy-
drostatickém kontaktu pfimo u C310 — Tunel pod TemZi. Byl
sledovan pohyb hladiny podzemni vody v ruznych vzdélenos-
tech od feky TemzZe souvisejici se zménami jeji hladiny vlivem
prilivu a odlivu. Minimdln{ a maximdln{ drovné feky byly odvo-
zeny z hydrogeologického sledovani. Maximum je stanoveno na
vysku 104,5 m a minimum na 96,5 m nad srovnavaci rovinou.
V bezprostredni blizkosti feky TemZe je tedy mozné identifiko-
vat odchylky = 4 m od prumérné trovné podzemni vody
100,5 m nad srovnavaci rovinou.

Kolisdni HPV je zpusobeno vlivem prilivu a odliva + 3,5 m.
Zbytek vytyCené trasy tunelu méd prednastavenou odchylku
+ 1 m. Kromé hodnot poskytnutych zadavatelem se uskute¢nila
jeSté dalsi sledovani. Byla provérena dlouhodobd méreni
a prubéZné odelty piezometrickych méfeni po dobu 4 tydnu.
S témito informacemi byly definovdny tfi projektové trovné
podzemni vody. Tyto trovné ukazuji pérovy tlak vody ve stava-
jici zvodni. Pomocné vypocty tlaku byly provedeny za pouziti
téchto tif uvazovanych drovni.

RAZBY PROVADENE V OKOLI CITLIVYCH OBJEKTU
A OVLIVNENE PRILIVEM A ODLIVEM

Startovaci jama pro TBM s nizkym nadlozim
v bezprostiedni blizkosti provozované Zeleznic¢ni trati
North Kent Line

Hned po prorazce milanskych stén u portalu Plumstead probi-
hala raZba Stity v ochranném pdsmu Network Rail. Kazdy z nich
se po dobu priblizné 36 kalenddinich dnu razil v tésné blizkosti
provozované Zelezni¢ni trati North Kent Line, pod silni¢nim
mostem White Hart a u elektrické rozvodny Cathedral
Substation (obr. 2). Pfi¢ny fez tunelu je zde situovdn ve smiSe-
nych geologickych podminkédch (Stérk, thanetsky pisek a kiida)
s nizkym nadloZim priblizné 7 azZ 10 m v prvnich 150 m razby.

Two different chalk layers are hit by the C310 tunnel the
Chalk of the Haven Brow Beds and the Cuckmere Beds. The
Chalk is at the top of the layer very weak, highly weathered
and described as low density white chalk improving in both
strength and density with depth. The geotechnical and geolo-
gical gradings of the chalk have a range from A to Dc. Chalk
Engineering Grade of Al is considered to be the highest rock
mass quality, with Dm considered to be the worst rock mass
quality. The CIRIA 574 introduces a general procedure for the
chalk grading depending on the density, discontinuity aperture
and discontinuity spacing.

There are two aquifers within the London area. The main
deep aquifer is located in the Chalk Group whereas the River
Terrace Deposits contain the second, shallow aquifer.

In the eastern part of London these two aquifers are in hyd-
rostatic contact alos at C310 Thames Tunnel. A response to the
tidal motion of the River Thames was observed, depending on
the distance to the river. There is a minimum and maximum
water level were derived from the geotechnical investigations.
The maximum is set at 104.5m ATD whereas the minimum is
set at 96.5m ATD (ATD- above Tunnel datum). The variation
of + 4m to the average groundwater level of 100.5m ATD can
be found in close proximity to the River Thames.

This is due to the + 3.5m tidal influence. The rest of the tun-
nel alignment has a pre-set variation of + 1m. Besides of the
values given by Crossrail, further investigations took place.
The long-term measurements were reviewed plus continuous
reading of piezometer measurements over a time period of 4
weeks. With this information the three design water levels
were defined. These design levels indicate the pore water pres-
sure in the present aquifer. The support pressure calculations
were carried out using these three design levels.

TBM TUNNELLING UNDERNEATH SENSITIVE STRUCTURES
AND BUILDINGS AND WITH TIDAL INFLUENCE

TBM Launching in close proximity to Operational North
Kent Line with low overburden

Directly after cutting through the diaphragm walls at
Plumstead Portal the TBMs are excavating in Network Rail’s
zone of influence each for a duration of approx. 36 calendar
days close/adjacent to operational North Kent Line and
underneath White Hard Road Bridge and Cathedral
Substation (see Figure 2). The tunnel cross section is here
located in Mixed-Face Conditions (Gravel, Thanet Sand and
Chalk) with low overburden of approx. 7 to 10m for the first
150m of tunnelling.

Real-Time Monitoring devices consisting of ATS and prisms
on the railway and hydrostatic levelling cells on the Bridge
and the Cathedral Substation were installed. The HMJV moni-
toring system, Advanced Tunnel Drive Steering (ATDS), is
collecting any movement and/or potential settlement on an
ongoing 24/7 basis and showing the data in real time.

For the commencement of the tunnelling works a so called
LONO (Letter of no objection) is required from Network Rail
otherwise it is not allowed to start tunnelling. The settlements
are to be minimised and support pressure has to be controlled
in a safe and robust manner to get confidence from Network
Rail and demonstrate assurance. This point was very important
for Network rail, that there is no possibility of collapse occur-

rence at the beginning of excavation works.



Na Zeleznici bylo nainstalovano monitorovaci zafizeni schop-
né provadeét monitoring v redlném Case, sklddajici se ze systé-
mu fizeni tunelovych raZeb a optickych hranoli a hydro-
statickych méficich bunék na mosté a u rozvodny Cathedral
Substation. Monitorovaci systém sdruzeni HMJV (Hochtief
Murphy Joint Venture) — Advanced Tunnel Drive Steering
(ATDS) je pokrocilé fizeni tunelovych razeb — sbird ddaje
o veskerém pohybu a/nebo mozném seddni nepretrzité 24 hodin,
7 dni v tydnu a zobrazuje je v redlném Case.

Podminkou pro zahdjeni tunelovacich praci bylo tzv. vyjadre-
ni bez namitek (LONO/Letter Of No Objection) od spole¢nosti
Network Rail (provozovatel prilehlé Zelezniéni trati). Bez toho-
to vyjadreni nebylo dovoleno zacit s razbami. Muselo byt mini-
malizovédno sedédni a podpurny tlak na &elbé musel byt regulo-
vén bezpeénym a jednoznalnym zpusobem tak, aby se provozo-
vatel trati Network Rail presvédcil o bezpe¢ném zajisténi celé-
ho fidiciho procesu raZeb. Tim byl také ujistén, Ze nemuze dojit
k vyjimecné situaci hned se zapocetim tunelovacich praci.
Razby pod/nad citlivymi existujicimi objekty

Trasa tunelu prochdzi pod dalSimi citlivymi objekty (kanali-
zacni stoka Southern Outfall, budovy Royal Mail Building
a Middlegate House) i nad nimi (Zelezni¢ni tunel Docklands
Light ve svétlé vzddlenosti priblizné 2 m). Aby se predeslo
seddni, jez je zpusobené tunelovacimi pracemi, byla naprojek-
tovana kompenzaéni injektaZ pod rozvodnou Cathedral
Substation a pod budovou Middlegate House a nasledn¢ zreali-
zovdna nezdvisle na typu pouzitého stroje. Nejvyznamnéjsi
dpravou prosel silni¢ni most White Hart, ktery se nachdzi
zapadné od hlavniho stavenisté u Plumsteadu, priblizné 40 m od
elni stény. Aby se zmirnilo seddni zpusobené vlivem raZeb,
musely byt zaklady mostu upraveny. Uprava spoéivala
v podchyceni zdkladi mostu mikropilotami a uchycen{ zéklada
zemnimi kotvami.

Razby pod Fekou Temzi ovlivhéné pfilivem a odlivem

V této oblasti musi byt brdno v potaz, Ze jsou razby ovlivio-
vény kolisanim hydrostatického tlaku zpusobenym piilivem
a odlivem na rece TemZi (obr. 3).

Délka jednoho prilivového a odlivového cyklu je priblizné 12
hodin, coZ znamena, Ze v jednom dni se opakuji dva cykly, kdy
je hladina dvakrat na svém nejniz§im bodé a dvakrdt na svém
maximu. Mezi odlivem a prilivem se hladina feky TemZe obec-
né zméni az o 8 metru, coZ zpusobu-
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Tunnelling underneath/overpassed sensitive structures

Along the alignment further sensitive structures had to be
underpassed (Southern Outfall Sewer, Royal Mail Building
and Middlegate House and overpassed (Docklands Light
railway Tunnel with approx. 2m clearance). To prevent settle-
ment from the tunnelling operations underneath Cathedral
Substation and Middlegate House compensation grouting was
designed and implemented independent from the TBM type.
White Hart Road Bridge is located west of the main worksite
at Plumstead approximately 40m from the launch headwall. To
mitigate against settlement caused by tunnelling operations,
the foundation of the bridge had to be supported. To strengt-
hen/support the foundation of White Hart Road Bridge,
a micro-pile and soil anchor scheme was the preferred method
for the underpinning of the bridge.

Tunnelling within tidal influence and underneath
River Thames

In this area the pressure variation due to the effects of the
tidal River Thames has to be taken into account on the tunnel-
ling (see Figure 3).

Due to the proximity to the sea, the Thames Water Level and
therefore the adjacent groundwater level, is highly affected by
the tides. The duration of one tide cycle is about 12 hours,
meaning that two cycles with two minimum trough and two
maximum peaks per day. Between low tide and high tide the
Thames Water Level alternates in general up to 8m, causing
relevant face pressure changes of approx. 0.8 bar. Therefore
the support pressure has to be constantly reviewed and resp.
adapted. An additional item is the time dependence of the dam-
ping. In the boreholes adjacent to the river the measured delay
was approximately 0.5 hour. This time effect will be covered
by an increase of the pore water pressure by 2.5m for low
Thames Water levels. The increase of 2.5m creates at lowest
Thames Water level a confined pore pressure. The damped
value is used to calculate the corresponding theoretical support
pressure.

Detailed operational tables for the supporting pressure for
the regular tunnel drive derived from the detailed calculations
have been developed.

je vyznamné zmeny tlaku na celbé
priblizné 0,8 bar. Proto musi byt
podpurny tlak na razicim stroji neu-
stale sledovén a pfipadné upravovdan.
Dalsi zdleZitosti je ¢asovd zdvislost
odeznivani pfilivu a odlivu. Ve
vrtech pobliz feky bylo naméreno
zpozdéni priblizné pul hodiny. Tento
Casovy dopad byl vyfeSen navySenim
poérového tlaku vody o 2,5 m
v pripadé nizké hladiny feky TemZe.
NavySeni o 2,5 m vytvari pfi nejniz-
§i hladiné feky TemZe vymezeny
porovy tlak. Tato hodnota se poté
pouzivd k vypoctu odpovidajiciho  [EECgeEs -
teoretického podpurného tlaku. ; oy’
Byly vypracoviny podrobné pro- =
vozni tabulky tykajici se podpirného |2 _
tlaku pro standardni razbu tunelu, north woolwich portal
které byly zaloZeny na detailnich - A
vypoctech. Pro kazdou pozici prsten- '
ce, tudiz pro kazdy metr tunelu byl
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Obr. 3 Letecky snimek raZeb pod rekou TemZi
Fig. 3 Tunnelling underneath the River Thames
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z vypodta pri¢nych fezu zkompilovan a interpolovédn odpovidaji-
ci tlak pro tfi rizné trovné podzemni vody.

Na zdkladé téchto tabulek se provadi automaticky vypocet
a prislusnd korelace podpurného tlaku k méfenim piilivu a odlivu
(zndzornénd upravend hladina podzemni vody) v ramci systému
fizeni procesu razby a zpracovéani tdaju raziciho stroje (Data
Process Management System TPC). Nasledné se zobrazi teoretic-
ky podpurny tlak. Upravend troven vody pro vypolet teoretické-
ho podpurného tlaku je omezena na minimdlné 99 m nad zdklad-
ni srovndvaci rovinou, ackoli minimdln{ hladina feky, se kterou se
pracuje v projektu, je 96,5 m nad zdkladni srovndvaci rovinou.
Davodem je zachovat konzervativni predpoklad. Kdyz je hladina
feky TemzZe nizko, tak se musi predpokladat, Ze pri ustavani vlivu
odlivu muze ¢dst vody zustat v zemi, pfi¢emz pérovy tlak by byl
vys§i, nez ktery by odpovidal skute¢né tirovni feky TemZe.

VOLBA RAZICIHO STROJE

Zadédvéni kontraktu, kde je predpoklddand razba razicim stro-
jem, md nékolik zdkladnich specifik.

V pripadé smluvnich podminek podle Zluté knihy FIDIC
(Design & Build) dostane zhotovitel pouze data o geologickém
prostiedi v dané oblasti a na zakladé toho si musi sdm se svym
projektantem na jejich vlastni riziko stanovit, jaky razici stroj
pouZije a jak stanovi ménici se podpurné tlaky na elbé (jak
zohledni variabilitu podpurnych tlakl). Na zdkladé téchto dat
razbu oceni. V takovém pripadé pak veskeré riziko spojené se
$patnou volbou stroje, pripadné se Spatnym odhadem médu
razby v zadanych geologickych podminkdch nese zhotovitel
a zadavatel nese riziko spojené se $patnou predpovedi geologic-
kych podminek, kterou dal zhotoviteli k dispozici. Nékdy muZe
byt i v zaddvacich podminkéch stanovené, Ze zhotovitel je povi-
nen si ocenit dodate¢ny IG pruzkum, ktery si specifikuje podle
jim pozadovaného rozsahu.

Tento smluvni model se pouZiva vétSinou v pripadech, kdy
zadavatel nedokdZe na svou stranu ziskat zkuSené odborniky
a konzultanty, ktefi mu umi pripravit spravné zadani soutéze,
pripadné se pouzivd v pripadech, ve kterych pfichdzi do tvahy
vice zpusobu technického feSeni a je mozné predklddat alterna-
tivni realizacni feSeni. Tento model smluvnich podminek se
zhotovitelem se také Casto uplatiuje v kombinaci s projekty
PPP, které jsou financovdny soukromymi subjekty, které nema-
ji tak Siroké zkuSenosti se spravnym zaddvdnim kontraktu, navic
také Casto pozaduji optimalizaci. V takovém pripadé nelze pfi-
1i§ navySovat smluvni cenu, 1ze provadét navyseni smluvni ceny
pouze na zdklade velice odliSnych geologickych podminek
oproti zaddni.

V pripadé smluvnich podminek podle ¢ervené knihy FIDIC
(Design, Bid, Build) si musi zadavatel vybrat natolik zkuseného
projektanta, ktery umi nadefinovat ménici se podpurné tlaky na
Celbé v projektové dokumentaci, dokdZe stanovit po trase pro-
centudlni rozloZeni razeb v uzavieném/otevieném mdédu (polou-
zavieny mod se zahrnuje do otevieného) a dokdze stanovit
i optimdlni stroj pro razbu daného projektu. Piiprava takové
dokumentace vyzaduje samozfejmé rozsdhlou zkuSenost
i v projekéni sféfe. Zadavatel miva na své strané jesté vétSinou
zkuseného konzultanta, ktery mu pomdha zajistit, Ze zaddvaci
dokumentace je v odpovidajicim rozsahu a kvalit¢ a umozni
spravny vybér budouciho zhotovitele. Jediné v takovém pripadé
dokéze zadat kontrakt spravné a nemuZe dochézet k pozdéjsim
sporum. Zhotovitel si potom musi spravné ocenit jednotlivé
moédy razby, a jelikoz se z principu jednd o méfeny kontrakt,
zhotovitel potom fakturuje médy razby podle predem vycisle-
nych polozek. V nékterych piipadech muZe zadavatel ponechat
volbu stroje na zhotoviteli, nicméné i v takovém pfipadé si musi
zhotovitel spravné ocenit jednotlivé mddy razby. Cena se potom

For each ring position and resp. tunnelmeter the correspon-
ding pressures for the 3 different water levels have been com-
piled and interpolated between the calculation cross sections.

Based on those tables an automatic calculation and respecti-
ve correlation of the support pressure to the tide measurements
(illustrated damped water level) within the TBM Data Process
Management System TPC takes place. Subsequently the theo-
retical support pressure is illustrated. The damped water level
for the calculation of the theoretical support pressure is capped
at a minimum of 99m ATD although the minimum design river
water level is 96.5m ATD. The reason for this is to maintain
a conservative assumption. During low Thames Water Level
we have to assume that, through the damping effect, some
water could remain in the ground, whereby the pore pressure
would be higher than the actual river level.

TBM MACHINE TYPE SELECTION

Awarding contracts in case of which mechanized tunnelling
is expected has several basic particularities.

In case of contractual terms according to FIDIC Yellow
Book (Design & Build) the contractor receives only data about
geological environment in the given area and on the basis of
that it has to determine together with its designer at their own
risk which tunnel boring machine it shall use and how it shall
determine variations of support pressures at the face and on the
basis of this data it has to price the tunnelling. In such a case,
all the risks associated with incorrect selection of the machine
or wrong estimate of the tunnelling modes in the given geolo-
gical conditions are borne by the contractor and the contrac-
ting authority bears the risk associated with incorrect predicti-
on of the geological conditions that it provided to the contrac-
tor. Sometimes, it may even be stipulated within the tender
conditions that the contractor is obliged to price additional
engineering geological survey, which is specified according to
the scope required by it. Such a contractual model is mostly
used in those cases when the contracting authority is not able
to acquire experienced experts and consultants who can prepa-
re correct tender specifications or it is used in cases when
several methods of technical solution are considered and it is
possible to submit alternative execution designs. Such
a contractual terms model with the contractor is also often
used in combination with PPP projects that are funded by pri-
vate entities that do not have such broad experience with cor-
rect contract awarding and, moreover, they often require opti-
mization. In such a case, the contractual price cannot be incre-
ased too much; increase of the contractual price can only be
made on the basis of extremely different geological conditions
compared to the tender documents.

In case of contractual terms according to FIDIC Red Book
(Design, Bid, Build), the contracting authority has to choose
a designer experienced enough to know how to define in the
design documents the variations of the support pressures at
the face, who knows how to determine proportional distribu-
tion of the tunnelling works in closed/open mode (semi-clo-
sed mode is included in the open mode) along the route and
who even knows how to determine optimum machine for the
tunnelling in the given project. Preparation of such documents
evidently requires extensive experience also in the designing
field. The contracting authority usually has on its side also an
experienced consultant who helps it to secure that the tender
documents are in the adequate extent and quality to enable
correct selection of the future contractor. Only in such a case,
it is able to award the contract correctly and future disputes
are avoided. Then, the contractor has to price the individual



Obr. 4 Razici §tit (kombinovany $tit) v tovdrné Herrenknecht
Fig. 4 Mixshield TBM, factory acceptance

muZe navySovat tam, kde je nesoulad ocekavaného mnoZzstvi
danych ocenénych polozek se skutenosti.

V tomto pripadé smluvni podminky umoznovaly jak technolo-
gii kombinovaného §titu (Mix Shield), tak zeminového Stitu (EPB
— Earth Pressure Ballance Shield), nicméné veskeré zadan{ od pro-
jektanta bylo jasné specifikované. Vyhody a nevyhody $titu zemi-
nového a Stitu s podepfenim Celby bentonitovou suspenzi pro
tunely pod Temzi C310 byly diskutovany az po udéleni zakéazky.

Jak je uvedeno v predchozi kapitole, v pripadé projektu C310
muselo byt behem faze spusténi raziciho §titu zajisténo provo-
zovani Zelezni¢ni trati North Kent Line. Kromé toho v oblastech
s nizkym nadloZim a pod/nad citlivymi objekty byly z hlediska
fizeni rizik razeb rozhodujicimi faktory pro kone¢ny vybér stro-
je kontrola podpurného tlaku a ndslednd minimalizace seddni.

Z tohoto duvodu byly budoucim zhotovitelem zkoumény
a ndlezitym zpusobem zvéaZeny hlavni kritéria a pozadavky na
odpovidajici vybér nejvhodnéjsiho typu stroje. Jednalo se
zejména o bezpecnost, dodrZeni rozpoctu/ndklady, zabezpefeni
harmonogramu, minimalizace sedani, vyrovnani se se slozitymi
geologickymi podminkami a variabilitou hydrostatického tlaku
(ménicim se podparnym tlakem z divodu ménici se hladiny
podzemni vody), logistika, zpracovani rubaniny, vnéjsi vlivy,
predchozi zkuSenosti v dané lokalité a rizika.

Na zacétku projektu pripravilo sdruzeni Hochtief — Murphy JV
srovnavaci posouzeni rizik, které vzalo do tvahy vyse uvedena
kritéria a odpovidajici posouzeni vdhy/vyhodnoceni/porovnédni
ruznych kritérii v souvislosti s odpovidajicim typem raziciho
Stitu. Kombinovany §tit je sice drazsi, ale v celkovém vyhodno-
ceni posouzeni rizik prekonal zeminovy §tit, a proto bylo roz-
hodnuto pouZzit na zakdzce C310 tento typ stroje (obr. 4).

Kombinovany $tit (Mix Shield) je navrZen specidlné pro oCe-
kévané geologické podminky, a tak se minimalizuje sedani zpu-
sobené vlivem razby a také se zajiStuje neustala kontrola pod-
parného tlaku na &elbé, ktery muze byt v redlném Ease upravo-
van podle prislusnych zaznamenanych tdrovni podzemni vody
a odpovidajich tlaki vody zminénych v predchozim odstavci.

Kombinovany S§tit je mozné pouzit jako bentonitovy (Slurry
Shield) nebo pneumaticky (Compressed Air Shield).

Vpredu se na stroji nachdzi feznd hlava, za feznou hlavou
pracovni komora a tlakovd komora, které jsou oddéleny pono-
fenou sténou. Rubanina vystoupd za ponofenou sténu a polS§tar
ze stlaceného vzduchu na ni vyvine poZadovany tlak tak, aby se
prubézné vyrovnaly vykyvy tlaku v této &dsti stroje podle
informaci z fidiciho systému stroje.
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tunnelling modes correctly and because it on principle is a re-
measured contract the contractor then invoices the tunnelling
modes according to the items previously priced. In some
cases, the contracting authority may leave the machine selec-
tion to the contractor, but even in such a case, the contractor
has to price the individual tunnelling modes correctly. Then,
the price can be increased where there is a discrepancy
between the expected quantity of the given items priced and
the reality.

In our case the contract allowed for both Mixshield-and EPB
TBM Technology, nevertheless all details were clearly specifi-
ed by the designer. The advantages and disadvantages of
a TBM-S with Earth Pressure Balanced face support (EPB-
TBM) and a TBM-S with Slurry Face support (Mix-Shield
TBM) for the C310 Thames Tunnels were discussed after con-
tract award.

As described in chapter 3 for the C310 Project disruption to
the operation of the North Kent Line had to be assured during
the TBM Launching phase. Furthermore for the tunnelling in
areas of low overburden underneath sensitive structures the
control of support pressure and subsequent minimisation of
settlements were decisive factor for the final selection of the
TBM from risk management point of view.

The following main criteria and requirements for an appro-
priate selection of the most convenient TBM Type were inves-
tigated and respectively considered (safety, within bud-
get/costs, programme security, settlement minimization,
coping with C310 geotechnical conditions, logistics, treatment
of spoil e.g. disposal of chalk, interventions, previous experi-
ence e.g. DLR Tunnels/CTRL 320 and risks).

HMIJV prepared a comparative risk assessment at the begin-
ning of the project which considered the above listed criteria-
’s and an appropriate weighting/scoring/comparison of the dif-
ferent criteria’s regarding the corresponding TBM Type. Table
1 illustrates and outlines the detailed comparison. A Mixshield
TBM is more expensive but in overall scoring of risk assess-
ment has outperformed the EPB TBM and therefore it has been
decided to use this type at C310 (see Figure 4).

The TBM finally used on the C310 Thames Tunnel, called
a Mixshield TBM, is especially designed for the expected
ground conditions which minimise settlements and also ensu-
res a continuous face support control which can be adapted in
real-time, to the appropriate monitored water levels and res-
pective water pressures.

A Mixshield TBM can be used as a slurry-shield or
a compressed air shield machine.

Located at the front of the TBM is the cutterhead; behind the
cutterhead is the pressure chamber, or excavation chamber,
which is divided by a submerged wall. The slurry rises behind
the submerged wall and a compressed air cushion applies the
necessary pressure onto the slurry to compensate for pressure
fluctuations in this part of the machine.

The excavated soil is mixed with the slurry and is pumped
out at the bottom of the excavation chamber for separation at
the slurry treatment plant located outside of the tunnel. For
compressed air support, the pressure chamber is partly or fully
filled with compressed air.

SPOIL TREATMENT IN CHALK, USE OF FILTERPRESSES

Due to the use of a slurry shield TBM a plant is necessary to
filtrate the spoil out of the slurry respectively to recycle it. This
task is handled by the STP. To manage the excavated material
by a maximum tunnelling advance up to 80mm/min a slurry
flow rate of 1600m3/h needs to be treated. This material consist
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VytéZend zemina se smisi s bentonitovou suspenzi a Cerpd se
ven ze stroje na dné pracovni komory, dile putuje do separacni-
ho zafizeni, které se nachdzi vné tunelu, zde dochdzi k oddéleni
suspenze od jemnych Castic zeminy, a poté se suspenze vraci
zpét do tunelu k opétovnému pouziti. K vyuZiti podpory stlace-
ného vzduchu je tlakovd komora bud jen &dste¢né&, nebo zcela
naplnéna stlatenym vzduchem.

ZPRACOVANI RUBANINY V KRIDE, POUZITI KALOLISU

Vzhledem k pouziti bentonitového §titu je potfeba zafizen{
k separaci vytéZeného materidlu, respektive jeho recyklaci. Tento
dkol je feSen separaénim zarizenim. Za t¢elem kontroly mnozstvi
vytéZeného materidlu s uvaZzovanim maximélniho postupu razby
az 80 mm/min je nutno zpracovat vytéZeny materidl v mnoZstvi
1600 m3/hod. Tento materidl se sklddd z thanetskych piska
a kridy s proménlivym obsahem pazourku (5 az 25 %). Zvlasté
Castice vytézené kiidové rubaniny, které jsou az ze 100 % mensi
velikosti neZ 40 um, se v suspenzi rozptyli natolik, Ze je zapotre-
bi provést dali zpracovani kalolisy. Aby se splnil dohodnuty zpu-
sob zpracovani a likvidace rubaniny, vlhkost zpracované vytéze-
né zeminy nesméla prekrocit hodnotu 35 %.

Separaéni zafizeni se skladd z ndsledujicich péti hlavnich
¢asti (obr. 5):

e usek oddéleni hrub$iho materidlu, odstranéni pisku

a odkalovanf;

e zpracovani suspenze;

e primdrni pfiprava suspenze;

e zpracovani vody;

e zpracovani prebyte¢ného kalu.

V rotacnim vdlci s integrovanym sitem jakoZto separacni jed-
notce se oddé€li veskery materidl o velikosti vét$i nez 8 mm. Tento
materidl odpadd pfimo na pasovy dopravnik a je dopravovéan na
sklddku vytéZeného materialu.

Veskerd suspenze a zrna, jeZ se dostaly skrz otvory sita, jsou
rozdéleny na tfi stejné Casti a shromazdény v prislusnych malych

Thanet sands and Chalk with a various amount of flint stones
(5 to 25%). Especially the particles of the excavated Chalk
spoil, which are up to 100% with smaller 40um in size, disper-
se in the slurry and so an additional treatment is carried out by
filter presses. To suit the agreed spoil management and dispo-
sal, the moisture content of produced spoil from the treatment
plant shall not exceed 35%.

The STP consists of the five following principal components
(see Figure 5):

¢ scalping, desanding and desilting section;

e slurry management;

e primary slurry preparation;

° water management;

 treatment of excess mud.

A rotating drum with an integrated screen cuts off all the
material with a size bigger than 8mm as a scalping unit. This
material drops straight away on a belt conveyor and is tran-
sported to the dump.

All the slurry and the grains, which passed the openings in the
screen, are split in three equal volumes and collected in respec-
tive small tanks. There are three parallel lines including
a desanding and desilting section. In each line a centrifugal
pump driven by a 132kW electric motor feeds two big cyclones
(650mm in diameter) with the slurry out of the intermediate sto-
rage tank. The underflow of the cyclones is sent on a dewatering
screen, where all the solids cut off the fluids and dropping down
on the belt conveyor. The fluids and particles, which passing the
openings will be pumped again through the desanding compo-
nents. The overflow of the cyclones with a size smaller than
70pum feed an additional tank for the desilting section, where
a similar process starts, but with 12 smaller cyclones (250mm in
diameter) and a cut size of 40um. The underflows of these cyc-
lones are sent to the dewatering screen as well. One part of the
overflow is sent again to the cyclones and the other one is sent
by gravity to the slurry management section.

separacni jednotka a Upravna
separation treatment plant

|

cirkulaéni bentonit
circulation bentonite

Cerstvy bentonit
| fresh bentonite

recyklovana voda
recycled water

davkovani mletého vapence
chalk proportioning

vytézény material
dum

dopravnik
conveyor

kalolisy / filter preses

elektricky transformator
electrical transformer

odpadni suspenzi

vaste slurry tank

Obr. 5 3D model separaéniho zarizeni
Fig. 5 3D model of Slurry Treatment Plant (STP)




nadrzich. Jsou zde tfi paralelni linky vcetné tseku odstranéni
pisku a odkalovani. V kazdé lince je odstredivé Cerpadlo, které je
pohdnéno 132kW elektrickym motorem, jenz napdji dva velké
odludovace (o pruméru 650 mm) se suspenzi z meziskladovaci
nadrZe. Nadsitné z odluc¢ovacu se posild do odvodnovaciho sita,
kde se vSechny pevné latky odd€li od tekutin a padaji doli na
pasovy dopravnik. Tekutiny a ¢astice, které projdou otvory, jsou
znovu Cerpany skrze zafizeni zajistujici odstranéni pisku.

Podsitné z odlucovadu o velikosti mensi nez 70 ym zdsobuje
dalsi nadrz v dseku odkalovani, kde zacind podobny proces, ale
s 12 men§imi odlucovadi (o pruméru 250 mm) a o oddélovaci veli-
kosti 40 ym. Nadsitné z téchto odluCovacu je také posildno do
odvodnovaciho sita. Jedna ¢dst podsitného je posildna znovu do
odlucovacu a druhd je posldna samospddem do dseku zpracovani
suspenze.

Usek zpracovéni suspenze obsahuje nékolik nadrzi na sklado-
vani regenerované suspenze, odpadni suspenze, nové (Cerstvé)
bentonitové suspenze a dvé mensi nadrze tak, aby cyklus mohl
béZet v ruznych reZzimech. S pomoci mnoha senzort a ventila
programovatelného logického fidictho systému (Programmable
Logic Controller/PLC) muZe Gpravna pracovat v automatickém
rezimu a nastavovat pozadované vlastnosti suspenze, kterd ma
byt posldna zpét do tunelu do pracovni komory.

Po prachodu jednotkou na odstranéni pisku a kalu je suspenze
distribuovana tak, aby byla znovu pouZzita v rdmci daného cyklu,
a to posldnim do nddrZe na regenerovanou suspenzi,
a prebyte¢nd suspenze je uloZena v nadrzi na odpadni suspenzi.
V této nddrzi jsou nainstalovdna dvé michadla z duvodu zabra-
néni usazovdni pevnych ldtek.

Poslednim krokem v procesu separace je zpracovani prebytec-
né suspenze provedenim filtrace na kalolisech. Pfedtim, neZ je
suspenze preCerpana do komor kalolist, je pfiddno definované
mnozstvi vdpenného mléka. Proto musi byt vdpno smichdno
s vodou a musi vyzrit v pripravné jednotce. Smés vody
a vdapenného prasku se misi podobnym procesem jako pri pri-
prave Cerstvého bentonitu. V zdvislosti na nastaveni koncentra-
ce vapenného mléka, coZ je mozné provést v kabiné obsluhy, je
vypocitdno pozadované mnoZzstvi mléka za pouZiti hodnot odto-
ku z nddrZe odpadniho materidlu méfeného pomoci prutokomeé-
ru a hustoméru. Vapenné mléko se pridd pred odstredivym Cer-
padlem, to pak privddi vzniklou smés do dvou skladovacich sil
pred tim, neZ je napumpovana do kalolisu. Funkci vdpenného
mléka ve filtracnim procesu je akcelerace samotného procesu
a také snizeni lepivosti povrchu filtra¢niho kolace, ktery se pri
procesu vytvari, za tcelem jeho lepSiho vypousténi.

Filtraéni proces zahrnuje kroky uzavfeni, plnéni, lisovdni,
nafouknuti (pouze u dvou kalolisu), profouknuti, otevieni
a odstranéni filtra¢niho kolage. Je zde $est filtra¢nich lisu s tim,
ze kazdy umoznuje zpracovani 14,5 t/h odvodnéného materidlu.
Ctyfi z nich jsou normdlni komorové kalolisy s maximalnim tla-
kem az 250 bar vyvyjenym dvéma hydraulickymi jednotkami.

Dalsi dva jsou membranové komorové kalolisy, které po nor-
maélnim procesu plnéni vyuzivaji dal§iho procesu stlacovani
nafouknuti. Diky tomuto dal§imu procesu je tlak mnohem vyssi,
az 400 bar. Zpracovani nadbyte¢ného odpadového materidlu
za&ina uzavienim 100 komor kalolisu, po kterém nasleduje pIné-
ni. Tak je objem pfiblizné 7300 litri smési vypumpovdn ze skla-
dovaciho sila do komor kalolist. Pevné &dstice suspenze ulpiva-
ji na povrchu filtraéni plachetky a vytvareji takzvany filtracni
kola¢ a zbytek protéka skrze kold¢ a plachetku do filtracnich
desek, kde je odvedena skrze malé drendzni kandlky zpét do
nadrze. V dusledku zvySujici se tloustky filtraéniho koldde tlak
vystoupd az na 7 bar. Pfi této nastavené hodnoté tlaku jsou plni-
ci Cerpadla upravena tak, aby tento tlak udrZela po urcitou dobu,
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The section of slurry management includes some tanks to
store the regenerated slurry, the waste mud, the main bentoni-
te, a distribution box and two smaller tanks to run the circle in
different modes. With the help of many sensors, valves and the
Programmable Logic Controller (PLC) the plant can run in
automatic mode to set the required properties of the slurry,
which should sent to the excavation chamber.

After passing the desanding and desilting section the slurry
will be distributed to be reused in the slurry circuit by sen-
ding to the regenerated slurry tank and the excess slurry is
stored in a waste mud (waste slurry) tank. To prevent sedi-
mentation of the solids two agitators are installed in this tank.

The last separation step is the treatment of this waste mud
by carrying out a filtration process with the filter presses.
Before the slurry will be pumped into the chambers of the fil-
ter presses, a defined amount of lime milk will be added.
Therefore lime powder needs to be mixed and maturated in
a preparation unit. Lime milk consists of water and lime pow-
der and is mixed in a similar process like the main bentonite
preparation. Depending on the settings for lime milk con-
centration and lime dosage, which can set in the operators
cabin, the required amount of milk will be calculated utili-
zing the values of outflow of waste mud tank measured by
a flow- and densimeter. The lime milk is added in front of
a centrifugal pump, which feeds the limed mud into two sto-
rage silos, before pumping into the filter presses. The purpo-
se of lime milk for the filtration process is to accelerate the
process itself and also to reduce the stickiness of the filter
cake surface to improve the discharge of the filter cakes.

The filtration process includes the steps of closing, feeding,
inflating (only two filter presses), core blast, opening and
demoulding. There are six filter presses, where each allows
a treatment of 14.5t/h of dry mud. Four of them are normal
chamber filter presses with a maximum closing pressure up to
250 bar, supplied by two hydraulic jacks. Another two are
membrane chamber filter presses, which using after the nor-
mal feeding process an additional squeezing/inflating pro-
cess. Due to this additional process, the closing pressure is
with 400 bar much higher. The excess mud treatment starts
with the closing of the 100 chambers of a filter press and is
followed by the mud feeding. Thereby a volume of approxi-
mately 7300 litres of limed mud out of the storage silo is
pumped into the chambers. The solid particles in the slurry
collecting on the surface of the filter cloth and creating so
called filter cake. At the same time the water flows through
the cake and the cloth into the plates, where it led via small
channels to a drain into a tank. In consequence of the increa-
sing thickness of filter cake, the pressure goes up to 7 bar. At
this pressure set-point the feeding pumps are regulated to
hold that pressure for a certain time until the filtration pro-
cess is finished. Before the core blast sequence starts, the
inflating mode is carried out by the two membrane filter pres-
ses. During this mode the volume of the chamber is reduced
by inflating membranes in the plate’s utilization 14 bar water
pressure. Due to this compression residual water contained in
the cake is removed. The pressure is held over a certain time
until the process is end by a required criterion. After finishing
this mode respectively following the feeding process (filter
presses without membranes) the liquid core in the presses
needs to be removed. This is necessary to prevent the liquid
mud falling down on the dry filter cakes. Therefore compres-
sed air is passed through the centre of the filter press to dis-
charge the material into a small tank, where it is pumped back
to the limed mud silo. Before the hydraulic pressure is released
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dokud nenf filtraéni proces dokoncen. Pfedtim, nez
zacne krok profouknuti, jsou nafouknuty membra-
ny v membranovych kalolisech. Béhem tohoto
rezimu je objem komory sniZen nafouknutim mem-
bran aZ na tlak 14 bar. Diky tomuto stlacenf je zbyt-
kovd voda obsaZzend v kold¢i odstranéna. Tlak je
udrZzovdn po urcitou dobu, dokud neni proces
ukoncen dosaZenim poZadovaného kritéria. Po
dokonceni tohoto rezimu musi byt tekuté jddro
v lisech odstranéno. To je nezbytné, aby se zabra-
nilo paddni tekuté hmoty na odvodnéné filtracni
kolaCe. Proto je stied filtraéniho lisu profouknut
stlatenym vzduchem, aby se tekutd hmota vypusti-
la do malé nadrze, kde je vyCerpana zpét do nadrze
materidlu pfipraveného k odvodnéni v kalolisech.
Predtim, neZ je hydraulicky tlak uvolnén, aby se
umoznilo otevreni filtra¢nich desek, se membrany
odvodni. Poté je v definovaném poradi stla¢eny vzduch tlaten do
hydraulickych zveddki na obou strandch mezi deskami, aby se
poskytl dostatek prostoru pro klesdni desek. Koldce vypadnou
pomoci gravitace s podporou vibrace desek. Kolace padaji do pri-
pravenych kontejner, kde mohou byt vyzvednuty kolesovym
naklada¢em, smichdny s materidlem z pdsového dopravniku
a naloZeny na ndkladni viz (obr. 6).

ZAVER

Projekt C310 roz§ifil vyznamnym zpusobem zkuSenosti
zaméstnancu a expertu spole¢nosti Hochtief (zde ve sdruzeni
Hochtief — Murphy) v oblasti raZby tuneld mechanizovanou
razbou. Po razbé Gotthardského bazového tunelu horninovymi
razicimi stroji s extrémné vysokym nadloZim, coZ byl svym
zpusobem ojedin€ly projekt svétového rozméru, pres nékolik
desitek kilometri vyraZenych tuneld zeminovymi a bento-
nitovymi $tity v pomérné predvidatelnych podminkdch v raz-
nych koutech svéta, zde priSla prilezitost ziskat zkuSenost
s mechanizovanou raZzbou v naprosto odliSném a velice sloZi-
tém geologickém prostiedi, kde bylo tfeba se vyporadat
s rychle se ménicim tlakem na Celbé stroje, udrZet hodnoty
poklesu terénu vlivem razby na minimélnich hodnotdch z du-
vodu moznosti silného dopadu na chranéné existujici objekty
v okoli a vyporadat se s naronym procesem Upravy a separace
vytézeného materidlu. Zhotovitel predal kompletni dilo dle sta-
noveného harmonogramu, v poZadované kvalité a s dodrzenim
planovaného rozpoctu stavby.
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Obr. 6 Letecky pohled na separaéni zarizeni
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to allow an opening of the plates the membranes get drained.
Then in a defined order compressed air is pushed in hydrau-
lic jacks on both sides between the plates to provide enough
space for dropping of the cakes. The discharge of the cakes is
done by gravity and supported by shaking of the plates. The
cakes falling down in a provided box, where they can be col-
lected with a wheel loader, mixed up with material from the
belt conveyor and loaded on a lorry (See Figure 6).

CONCLUSION

The Project C310 significantly widened experience of
employees and experts of the company Hochtief (in this
case, in a joint venture Hochtief — Murphy) in the field of
mechanized tunnelling. After tunnelling the Gotthard Base
Tunnel by the rock tunnel boring machines with extremely
high overburden, which was in its way a unique project of
global importance, together with several tens of kilometres
of the tunnels driven by EPB and SPB shields in relatively
predictable conditions all around the world, this was
a unique opportunity to gain experience with mechanized
tunnelling in completely different and very complicated geo-
logical environment where it was necessary to compensate
for rapid pressure fluctuations at the machine’s head and to
maintain values of subsidence caused by the tunnelling at
minimum values due to possibility of strong impact on the
existing protected buildings in the vicinity. The contractor
handed over the completed Work within the time schedule
set, in the required quality and in compliance with the con-
struction’s budget planned.
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NAVRH MIKROTUNELOVANI PLYNOVODU PRETINAJICIHO
ENVIRONMENTALNE CITLIVOU OBLAST POBREZI V AUSTRALII

DESIGN OF A UTILITY-MICRO-TUNNEL FOR CROSSING UNDER
A SENSITIVE SHORE AREA

TANER AYDOGMUS, CARSTEN SCHULTE

ABSTRAKT

Projekt Wheatstone v hodnoté 29 miliard australskych dolari provozovany spolecnosti Chevron je jednim z nejvétsich projekti
zamérenych na nakldddni s prirodnimi zdroji v Austrdlii. Nachdzi se v oblasti Ashburton North, 12 kilometrii zdpadné od mésta
Onslow v Zdpadni Austrdlii a bude se sklddat ze dvou zdvodii na zkapalnovdni zemniho plynu (LNG) o celkové kapacité 8,9 milionu
tun roéné a mistni paroplynové elektrdrny. TeZba zemniho plynu bude provddeéna z naleziste v mori, nachdzejiciho se asi 250 km od
pobreZi Onslow v Zdpadni Austrdlii. Jakmile bude projekt Wheatstone v provozu, Austrdlie se stane druhym nejvétsim vyvozcem LNG
na svété. Pro prekondni environmentdlné citlivé oblasti pobreZi byl vyrazen mikrotunel o vnitinim priuméru 2 m a o délce priblizné
1242 m, a to technologii protlaku. Tento tunel bude vystrojen potrubim o priuméru 1,1 m, kterym bude proudit plyn ze zaFizeni pro
Jjeho tezbu v mori. Vyprojektovdni této stavby prindsi radu jedinecnych vyzev prdve proto, Ze startovaci jama se nachdzi na pobreZi,

pricem? samotnd trasa tunelu protind oblast pobreZi a koni v demontdzni jame nachdzejici se v mori. Tento ¢ldnek poskytuje shrnuti
projektu Wheatstone Shore Crossing, predstavuje jeho vyznamné rysy a zabyvd se hlavnimi aspekty projektu mikrotunelovdni.

ABSTRACT

The A$29 billion Chevron-operated Wheatstone Project is one of Australia’s largest resource projects. Located at Ashburton North, 12
kilometres west of Onslow in Western Australia, the project will consist of two LNG trains with a combined capacity of 8.9 million ton-
nes per annum and a domestic gas plant. The LNG Plant will serve the offshore gas fields, which are situated some 250km off the coast
of Onslow in Western Australia. Once operational and on-stream, the Wheatstone Project will contribute to Australia becoming the worl-
d’s second largest exporter of LNG. For crossing the environmentally sensitive shore area a micro-tunnel with an internal diameter of 2m
and approx. 1,242m in length has been constructed by means of the pipe-jacking method. The micro-tunnel will accommodate a 1.1m dia-
meter pipeline (trunkline) to deliver gas from the offshore fields LNG Plant. The Wheatstone shore crossing design involves a number of
unique challenges owing to its coastal location, where the alignment crosses through a shore area and terminates in a marine environ-
ment. This paper provides an overview of the Wheatstone Shore Crossing Project, presents the key features, and discusses the main

aspects of the micro-tunneling design.

uvoD

Projekt Wheatstone je realizovan ve sdruzeni dcefinych
spolec¢nosti Chevronu, Kuwait Foreign Petroleum Exploration
Company (KUFPEC), Apache Corporation a Kyushu Electric
Power Company spoleéné s PE Wheatstone Pty Ltd (Edst
vlastni TEPCO).

Plyn se bude tézit z nalezis§t Wheatstone, Iago, Julimar
a Brunello, kterd jsou situovdna né¢jakych 250 km od pobre-
71, u kterého se nachdzi mésto Onslow. Jakmile bude projekt
Wheatstone v provozu, Austrdlie se stane druhym nejvetSim
vyvozcem LNG na svéte.

Z wheatstoneskych nadrzi se bude plyn prepravovat ocelo-
vym potrubim (plynovodem) k pobrezi. Tunel, ktery tvori
prefabrikované betonové potrubi, byl vyraZen technologii
bentonitového Stitu (mix slurry shield) ze startovaci jamy
nachdzejici se na pevniné smérem k mofi. Poté, co tunel pro-
tne plaZz, pdsmo pis¢itych dun a primorskd odlivovd pdsma,
vyusti do demontdzni jamy $titu nachazejici se v mofi (obr.
2). Do dokonceného a zatopeného tunelu pak byl vtaZen ply-
novod vedouci z nalezi§té Wheatstone tak, aby doslo
k protnuti pobfeZni oblasti.

Celkem 1,2 kilometru dlouhy tunel vyustujici pod ocea-
nem postavila spolecnost THIESS Pty Ltd (soucdst skupiny
Hochtief). Prace na stavbé byly zahdjeny po obdobi cyklonu
v roce 2013.

INTRODUCTION

The Wheatstone Project is a joint venture between
Australian subsidiaries of Chevron, Kuwait Foreign Pet-
roleum Exploration Company (KUFPEC), Apache Corpo-
ration and Kyushu Electric Power Company, together with
PE Wheatstone Pty Ltd (part owned by TEPCO).

The Liquefied Natural Gas (LNG) Plant will serve the
Wheatstone, lago, Julimar and Brunello offshore gas fields,
which are situated some 250km off the coast of Onslow.
Once operational and on-stream, the Wheatstone Project
will contribute to Australia becoming the world’s second
largest exporter of LNG.

The gas from the Wheatstone reservoirs will be transfer-
red via a steel pipeline (trunkline) to shore. The tunnel
which is formed by precast concrete pipes, was driven with
a Tunnel Boring Machine (TBM) from an onshore launching
shaft towards the sea. After crossing the beach, dune zones
and low water coastal zones, the micro-tunnel exits into an
offshore TBM retrieval pit (c¢f. Fig. 2). After tunnel con-
struction, the trunkline from the Wheatstone gas field was
pulled into the flooded tunnel to finally undercross the shore
area.

THIESS Pty Ltd constructed the 1.2 kilometer long tun-
neled shore crossing under the ocean which will connect
two offshore gas reserves with the Wheatstone LNG Plant.






Kolisani drovné spodni vody bylo méfeno v blizkosti trasy
mikrotunelovani za pouziti tlakovych zafizeni nainstalova-
nych v mérnych studnich. Vysledky sledovani naznadily, Ze
se spodni voda pohybuje pfiblizné mezi 0,5 m AHD
(Australian Height Datum, tj. australskd stfedni hladina
more) a 0,8 m AHD nad vySkovym rozpétim mezi prilivem
a odlivem, které je priblizné 2,3 m. Pro ucely vyprojektovani
stavebni jamy na pevnin¢ byla predpoklddand maximalni{ hla-
dina spodni vody 1,5 m AHD, kterd brala v dvahu moZzné
zvednuti spodni vody na pevnin€ v pripadé silné boufe. Pro
ucely vyprojektovéni protlaku byla predpoklddand maximal-
ni a minimdln{ hladina vody podél trasy tunelu urCovana hla-
dinami HAT a LAT, které byly predpoklddany v trovni:

e Highest Astronomical Tidal Level (HAT), tj. nejvyssi

astronomicky priliv: 1,36 m AHD;
astronomicky odliv: -1,22 m AHD.

Podle australské normy AS 1170.4-2007 a na zdkladé vy-
hodnoceni o¢ekdvanych geologickych podminek podél trasy
bylo misto stavby klasifikovano pro dcely statického vypoctu
a ndvrhu projektu jako seismickd tfida Ce (misto s nizkou
vrstvou zeminy). V AS 1170.4-2007, ¢ast 4 je ro¢ni pravde-
podobnost vyskytu zemétieseni 2x103 (vyskyt jednou za
500 let) pro oblast Onslow vyznacena priblizne 0,12 g. Tento
vyskyt jednou za 500 let se povazuje za ekvivalent Operating
Basis Earthquake (OBE), tj. urovné zemétieseni, na niz je
stavba naprojektovana a pri které dojde k zachovani provo-
zuschopnosti stavby.

SPECIFICKE ASPEKTY NAVRHU PROJEKTU

Pfedmét dila

Spolecnosti THIESS byla zaddna zakdzka Design and
Build. Predmét dila projekéni ¢dsti obsahoval projekt protla-
ku vletné jeho vytyleni, geotechnického pruzkumu
a vyprojektovani protlacovaného potrubi. Projekt obsahoval
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2.3m. For the purposes of the onshore shaft design, the assu-
med maximum design ground water level was at 1.5m AHD
to allow for the potential for some groundwater mounding
onshore during a heavy storm event. For the purposes of the
jacking pipe design, it was assumed that the maximum and
minimum design water levels along the tunnel alignment are
controlled by the HAT and LAT, which were assumed with:
e Highest Astronomical Tidal Level (HAT): 1.36 m AHD;
e and Lowest Astronomical Tidal Level (LAT): -1.22 m
AHD.

According to the Australian Standard (AS 1170.4-2007)
and based on an assessment of the anticipated ground con-
ditions along the alignment, the project site was classified
as Seismic Site Class Ce (Shallow Soil Site) for structural
analysis and design purposes. In AS 1170.4-2007 Part 4 the
2 x 10-3 annual probability of exceedence (500 year return
period) earthquake for the Onslow area is mapped at about
0.12g. This 1-in-500-years event is considered equivalent to
the Operating Basis Earthquake (OBE).

PARTICULAR ASPECTS OF THE DESIGN ELEMENTS

Scope of Works

THIESS’ was awarded a Design and Build contract. The
scope of works for the design section comprised the design
of the jacking-pipeline including the alignment, geotechni-
cal investigation and design of the jacking pipes. The design
also included the onshore shafts and the offshore TBM retri-
eval pit. All temporary work designs associated with the site
was a part of THIESS’s scope.

The scope of works for the construction elements compri-
sed the procurement of all the jacking pipes, site establish-
ment including amenities, procurement, set-up and demobi-
lization of all tunneling infrastructure (e.g. slurry treatment
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také startovaci jamu na pevniné a demontazni jamu pro vyta-
Zeni §titu v mori. Soucdsti dila byl i projekt veskerych docas-
nych praci souvisejicich se stavbou.

Predmét stavebniho dila zahrnoval porizeni veSkerého pro-
tlacovaného potrubi, zarizeni staveni$té véetné zdzemi, zajis-
téni, pripravu a odstranéni veskeré tunelovaci infrastruktury
(napr. separaniho zafizeni, generdtoru, velinu, nddrZe na
miseni bentonitu, atd.), vystavbu startovaci jamy
a protlacovaci stavebni jamy, veskeré razby véetné vystroje-
ni, vytaZeni S§titu, vystavbu rampy pro zatahovadni potrubi
a odstranéni staveni$té.

Predmét dila spole¢nosti HOCHTIEF Engineering obsaho-
val studii, realiza¢ni projekt a projekt skute¢ného provedeni
stavby pro nasledujici oblasti:

Projekt trasy:

¢ trasa mikrotunelu pro dcely navadéciho systému Stitu.

Projekt stavebni jamy na pevniné:

e projekt protlaovaci a startovaci jamy vcetné spodni
desky, podpér (pfedni zed a bocni opérné zdi)
a monitoringu;

e rozhrani s tlacnym ramem, hlavni tlacnou stanici
a tlaCnym systémem;

e projekt stavebni jimy s rampou pro vtahovani potrubi
v&etné spodni desky a ukotvovacich bodu pro zatahova-
ni trubek.

Projekt protlacovaného potrubi:

e projekt prefabrikovaného betonového protlacovaného
potrubi vletné specidlnich prvka sestavajiciho ze stan-
dardniho potrubi, potrubi s ocelovym opldsténim pro
pouziti u vyudsténi v mofi a specidlniho potrubi pro insta-
laci systému katodické ochrany a monitoringu;

e projekt nosnych bodu, ktery bere v tvahu jednotliva zati-
Zeni v&etné povolenych toleranci pro zvedani, naklddéni,
instalaci a prepravu;

e vykresy vyztuZe a tvaru véetné detailu;

¢ pozadavky na betonovou smés protlatovaného potrubi.

Projekt demontdZni jamy $titu v mori:

e projekt demontdzni jamy Stitu v mori vetné stabilizac-
nich opatfeni u vyusténi potrubi;

e stabilizace vyZadovand u vytsténi protlatovaného potru-
bi na jedno obdobi cyklont vletné zatiZen{ souvisejiciho
s instalaci plynovodu;

e urleni/specifikace zpétného zdsypu, stabilizovany pisek
podle potreby.

Budouci dopady ndkladni dopravy po pozemnich komuni-

kacich:

¢ vyhodnotit dopad vystavby dopravniho a servisniho kori-
doru pro ndkladni vozidla a jeho provozu na betonové
potrubi v mikrotunelu.

Dadle byla spole¢nost HOCHTIEF Engineering najata na
poskytovani konzultaéni podpory a sluZzeb projektového
managementu pred a v prubéhu vystavby, napfiklad prezkou-
maéni a provéreni metodologie razby a pomocnych zafizeni,
prezkoumdni technické dokumentace vletné specifikace
Stitu, manipulaéniho zarizeni a logistiky stavby, zdkladni
geotechnické zprdvy, aby se zajistila vhodnost projektu sta-
vebnich jam a protlacovaného potrubi, atd.

Trasa mikrotunelovani a vybér bentonitového Stitu

Trasa se skladd ze tii vySkovych oblouku (obr. 3). Nejprve
sméfuje dolu v dhlu 2,36 stupné priblizné 150 m, poté nava-
zuje dsek se sklonem 0,23 stupné na ndsledujicich priblizné
700 m. Tunel prechdzi do sklonu 0,5 stupné v oblasti vyuste-
ni. Kazdy oblouk ma polomér 5000 m.

Spole¢nost THIESS za konzultatni pomoci HOCHTIEF
Infrastructure provedla vybér §titu na projekt mikrotunelu

plant, generator power, control room, bentonite mixing tank
etc.), construction of the launch and jacking shafts, all tun-
neling work including fit-out items, the recovery of the
TBM, construction of the pipe pull ramp and site demobili-
zation.

HOCHTIEF Engineering’s scope of work included the
delivery of the Concept, Detailed, Final and Construction
Design for the following listed Design Packages:

Alignment Design

* Micro-tunnel alignment for the purposes of TBM gui-
dance system.

Onshore Shafts Design

e Jacking and launch shaft design including base slab,
jacking abutment (headwall and wing-walls) and moni-
toring;

e Interface with jacking frame, main jacking station and
sliding system;

e Pipe Pull Ramp Shaft design including base slab and
trunkline pulling anchor points.

Jacking Pipes Design

e Design for all precast concrete Jacking Pipes including
specials, comprising of standard pipes, steel lined for
use at the marine exit and special pipes for installation
of cathodic protection monitoring system,;

e Design of lifting points taking into account load cases
including lifting, stacking, installation and transportati-
on allowances;

¢ Reinforcement and related formwork drawings inclu-
ding details;

e Concrete Mix requirements for Jacking Pipes;

Offshore TBM Retrieval Pit Design

¢ Design for the offshore TBM retrieval pit including sta-
bilization measures around pipe exit;

e Stabilization required for jacking pipes exit for one
cyclone season including loads from trunkline installa-
tion;

¢ Determination/specification of backfill, stabilized sand
as required.

Future Haulage Road Impacts

e Assess the effect of heavy haul road and service corri-
dor construction and operation on the micro-tunnel
concrete pipes.

Furthermore, HOCHTIEF Engineering was engaged in
providing Engineering Support and Design Management
services prior and during construction, e.g. review and veri-
fication of Tunneling Methodology and Auxiliary
Equipments, review of various Engineering Reports, inclu-
ding TBM specifications, handling equipment and site
logistics, Geotechnical Baseline Report, to ensure suitabili-
ty for shafts and jacking pipe designs etc.

Micro-Tunnel Alignment and Selection of the TBM

The alignment consists of three different vertical curves
(Fig. 3). Firstly it heads down at an angle of 2.36 degrees
for approx. 150m before flattening out at 0.23 degrees for
the next approx. 700m. The tunnel takes transitions into
a 0.5 degree inclination up until the tunnel exit. Each curve
has a radius of 5,000m.

THIESS, in consultation with HOCHTIEF‘s Tunneling
division, carried out the selection of the TBM for the
Wheatstone Micro-tunneling Project based on the machine’s
ability to excavate the inferred geology (cf. Fig. 3), expected
to be encountered along the 1,242m-long tunnel alignment;
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Obr. 4 Typickd konfigurace bentonitového stitu série AVND
Fig. 4 Typical AVND-Series TBM Configuration

Wheatstone na zdkladé schopnosti daného stroje razit
v uvazovanych geologickych podminkach, které se ocekava-
ly podél trasy tunelu dlouhé 1242 m, a také na zdklade dspés-
nosti podobnych technologii protlaku a vykonu zarizeni
v podobnych geologickych podminkach téZ i na minimaliza-
ci rizik vyplyvajicich z celého procesu realizace protlaku. Pro
tento projekt byl vybrdan kombinovany bentonitovy razic{ §tit
Herrenknecht AVND 2000 AB (obr. 4, 11) a souvisejici systé-
my a komponenty, jako jsou napfiklad hyperbaricka komora
(kompresni/dekompresni komora), podmorsky modul pro
vytazeni stroje, automatickd hlavni protlacovaci stanice a 11
meziprotlatovacich stanic, navadéci systém od spolecnosti
VMT SLR-V atd. Tento S§tit byl zvolen proto, Ze jde
o nejpokrocilejsi a nejkompletnéjsi systém protlaku, ktery je
v soucasnosti na trhu k dispozici.

Projekt protlatovaného potrubf

Od dokonceni v fijnu 2013 je mikrotunel Wheatstone pova-
Zovan za nejdel$i tunel zhotoveny technologii protlaku na
jizni polokouli. Jeho délka je 1242 m, vnéj§i primeér 2,45 m
a vnitini pramér 2 m. Je v ném sedm ruznych druhu trubek.
Délka kazdé z nich je 3 m a v zdvislosti na typu vazi 12 az
16 tun.

Spole¢nost HOCHTIEF Engineering vyhotovila projekt
protlacovaného potrubi s vyjimkou tlaénych mezistanic, které
projektoval dodavatel THIESS.

Protlaované potrubi bylo vyprojektovano podle némecké-
ho predpisu DWA-A 161 (2010) ,, Staticky vypocet protlaku “,

zdroj/source: © Herrenknecht AG

on the successful track record of similar pipe jacking machi-
nes and equipment performance in similar ground conditi-
ons as well as on the overall pipe jacking process execution
risk minimization. The Herrenknecht AVND 2000 AB TBM
(cf. Fig. 4 and 11), a mix shield slurry machine, and the
associated systems and components, such as an airlock
(compression / decompression chamber), sub-sea recovery
module, automatic main jacking station and 11 inter-jack
stations, VMT SLR-V Guidance system etc. have been
selected for this project, due to being the most advanced and
complete pipe jacking systems currently available on the
market.

Jacking Pipes Design

Since completion in October 2013, the Wheatstone micro-
tunnel is considered to be the longest pipe-jacked tunnel in
the Southern Hemisphere. It is 1,242m in length with an
outside diameter of 2.45m and an internal diameter of 2m.
There are seven (7) different types of pipes. The length of
each is 3m, weighing from 12 to 16 tons depending on the
type.

HOCHTIEF Engineering completed the design for the
micro-tunnel jacking pipes, except for the inter-jack stations
which were designed by THIESS.

The jacking pipes have been designed according to the
German guideline DWA-A 161 (2010), “Structural Calcula-
tion of Jacking Pipes”. It was decided that this provided the
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Obr. 5 Uhlové vychyleni a 7 toho vyplyvajici rozlozeni tlaku na spoji dvou trubek

Fig. 5 Angular Deflection and Resulting Stress Distribution in the Joint between two Pipes
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Obr. 6 Priklad z 3D analyzy vzdjemného pusobeni zeminy a konstrukce s durazem na potrubni spoje
Fig. 6 Exemplary Calculation Plots from 3D-FE Numerical Analyses of the Complex Soil-Structure-Interaction with Emphasis on the Pipe Joints

protoZze tento predpis poskytoval nejlepsi projekéni zdklad
a zdsady tykajici se protlaku a byl aktudlnéjsi nez australské
predpisy.

Piedpis DWA bere v dvahu efekt deformace prstencu zpu-
sobeny prenosem tlakové sily a jeho vliv na betonové potru-
bi. Chovéni téchto zdtéZ prendSejicich prstencu, vloZenych
mezi ¢ela trub ve spojich, ma zna¢ny dopad na nejvyssi tlaky,
které pusobi na Cela trub v prubéhu protlatovéni (obr. 5).
V minulosti vedl prilisny tlak k trhlindm v betonovém plasti
ve spojich. Toto je daleZitym kritériem pfi projektovdni, jeli-
koz tyto prstence vykazuji vyznamné nelinedrni chovani
materidlu v prubéhu faze komprese a dekomprese.

Predpis DWA byl v projektu pouzit zejména:

e k urcenf tlaku zatiZeni zeminou a z protlacovani;

¢ k podrobnému ovéreni tloustky stény potrubi, respektive

kontrole zatiZeni pri protlatovéni, a to pfi uvédzeni:

best design basis and principles for the jacking pipes and is
the more current between the Australian and German guide-
lines.

The DWA guideline takes account of the special effect
of the thrust transfer ring deformation and its effect on the
concrete pipe. The behavior of these load transfer rings
has a significant impact on the peak stresses acting on the
pipe joints during the jacking operation (cf. Fig. 5). In the
past, overstressing has resulted in concrete cover spalling
in the joints. This is an important design consideration as
the compression rings show a significant non-linear mate-
rial behavior during the compression and de-compression
phases.

The DWA guideline was used in the design in particular:

e for the determination of forces from ground load and

jacking;
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Obr. 7 Ndkres a podélny rez Sachtami na pevniné (vlevo), priklad z 2D analyzy koneénych prvki a analyzy metodou mezni rovnovihy (vpravo)
Fig. 7 Layout and Longitudinal Section of the Onshore Shafts (left) | Exemplary Calculation Plots from 2D-FE and Limit Equilibrium Analyses (right)
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Kvalita, pfesnost a diislednost v kaZzdém detailu.

Spoleéna koordinovana prace lidi desitek oborii a profesi.
Schopnost fesit narotna zadani a odvaha hledat nova feSeni.

Je tohle uméni? MoZna ne. Jen to dobie umime.

Quality, accuracy and consistency in every detail. The coordinated
effort of professionals from many fields. The ability to solve problems
and the courage to search for new approaches. Is this an art-form?
Maybe. In either case we do it well.

www.metrostav.cz
MmeTRESTau



