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VAZENI CTENARI CASOPISU TUNEL,

je mi cti a potéSenim zahdjit dvodnikem 3. leto$ni &islo ¢asopisu
Tunel. Nage spole¢nost SMP CZ, a. s., je pomérné¢ mladym ¢lenem
Ceského tunelafského komitétu. Ze nechceme byt Elenem této vybra-
né spolecnosti firem majicich svou vdhu v podzemnim stavitelstvi
pouze formdlné, snazime se prokédzat svymi Ciny nejen v oblasti rea-
lizace staveb, ale i pfispénim k organizaénimu zabezpeceni odbor-
nych, spolecenskych a publikac¢nich Cinnosti komitétu. Dokladem
toho bylo zaji§téni valného shromézdéni Ceského tunelafského komi-
tétu ITA/AITES v Cervnu v Praze nai spolecnosti, naSe pristoupeni
do ,,Sdruzeni WTC 2007 i odborné ¢lanky o naSich stavbach, které
naleznete v tomto ¢&isle Casopisu. Kromé nasich dvou vybranych sta-
veb je zde i ¢lanek nasi sesterské spolecnosti Vinci Grand Projects
o tunelu Soumagne.

Myslim, ze SMP CZ, a. s., v poslednich péti letech pevné zakotvi-
la mezi spoleCnostmi vénujicimi se podzemnim stavbam. Dokladem
toho jsou dobré reference a dobrd spoluprdce s mnohymi z vds —
naSimi partnery. Tak napriklad — v rdmci stavby Metro IVCI (Hole-
Sovice — Ladvi) jsme stavéli v letech 2002 — 2003 &asti dvoukolejné
tunelové trouby a ¢dsti dvou jednokolejnych tunelovych trub budo-
vanych v oteviené stavebni jamé (celkové vice nez 200 metrt dlou-
hy usek).

Na stavbé MO RAST - Tunel Mrdzovka naSe spole¢nost dodala
a montovala samonosnou vyztuz definitivniho ostén{ klenby tunelu
pro stavebni objekty SO 8131 ZTT a SO 8171 VTT. V rdmci doddv-
ky byl navrzen uklddaci viz, jehoZ feSeni je chrdnéno jako uzitny
vzor u Ufadu priimyslového vlastnictvi. Soucasné bylo feseni prihld-
Seno do souteZze INNOVATION AWARD 2003. Prdce byly provadény
v obdobi 06/2002 az 08/2003.

Na obchvatu Jihlavy — silnice 1/38 jsme v roce 2003 az 2004 reali-
zovali Zelezobetonové konstrukce tunelové klenby zakryté a presypa-
né ¢dsti komunikace, kterd navazuje na podzemni stény predpriprave-
né Zakladdnim staveb, a. s. Délka konstrukce je pres 300 metru.

V soucasné dobé¢ provddi nase firma uklddani vyztuze sekundérni-
ho osténi pro stavbu D8, usek 0807/I1, ¢dst G: Tunel Panensk4. Pred-
métem doddvky je montdZ vyztuze definitivniho osténi pro vychodni
tunelovou troubu — VTT. MontdZ vyztuZe definitivniho osténi raze-
nych ¢asti tunelu Panensk4 je navrZzena systémem pdsové vyroby, kde
,vyrobkem® je samonosny prstenec realizovany z pojizdné montdzni
plosiny se zdvihaci hydraulickou ploSinou ve tvaru horni ¢asti klen-
by. Po zkuSenostech z doddvky a montdze vyztuze pro tunel Mrdzov-
ka jsme pouzili uklddaci vz (montdZni plo§inu) obdobné konstrukce.
déle v Casopise.

Jak jsem se ale zminil o nékolik fddka vySe, uvédomujeme si, Ze
jednim z nejdilezitéjsich tkoll, které stoji pred CTuK ITA/AITES, je
lispésnd priprava a ndsledné i prubéh svétového kongresu v roce
2007. Jsme pripraveni velice aktivné se na pfipravnych pracich podi-
let, aby nd§ Cesky komitét a nase republika zvysily dspé$nym organi-
zaCnim zabezpelenim své renomé u svétové odborné verejnosti.

DEAR TUNNEL MAGAZINE READERS,

It is my honor and pleasure to begin this year’s 3rd issue of Tunnel maga-
zine with my introduction. Our company SMP CZ, Inc. is a relatively young
member of the Czech Tunneling Committee. We wish to be a full and active
member of this very special group of companies respected in the area of
underground construction and we are striving to ensure this not only via our
realized constructions but also via our contribution to the organizational sup-
port of professional, social, and publishing activities of the Committee. To
give a few examples we could mention the support we provided to the plena-
ry assembly of the Czech Tunnel Committee ITA/AITES in Prague in June,
our accession into the “WTC 2007 Association” for securing the preparation
and organization of the World Tunneling Congress in 2007 in Prague, and pro-
fessional articles regarding our constructions, which you can find in this issue
of the magazine. Besides the coverage of two of our selected constructions,
there is also information on a construction of our affiliated company Vinci
Grand Projects — Tunnel Soumagne.

I believe that during the past five years SMP CZ, Inc. has firmly anchored
itself among the companies dealing with underground construction. This fact
is well proven by the fine testimonials and excellent cooperation from plenty
of you — our partners. For example, within the framework of the construction
of Metro IV.C1 (HoleSovice — Ladv{) in 2002-2003 we supplied a part of
a double track tunnel tube and parts of two single-track cut-and-cover tunnel
tubes (a section with a length exceeding 200 meters).

During the construction of the MO RAST — Mrédzovka tunnel our company
supplied and installed the self-supporting reinforcement of a final vault lining
for structures 8131 WTT and 8171 ETT. As a part of that sub-contract, we
designed a movable working platform for the installation, whose design is pro-
tected as a utility model with the Industrial Property Office. That design has
also been submitted to the INNOVATION AWARD 2003 competition. These
work instances took place from 06/2002 to 08/2003.

From 2003 to 2004 we participated in the building of the Jihlava bypass —
Road 1/38. We erected a reinforced concrete tunnel vault of the cut-and-cover
section of the road, connecting to diaphragm walls prepared by Zaklddan{ sta-
veb, Inc. This structure is over 300 m long.

Our company is currently installing the reinforcement for the secondary
lining for the Panenskd tunnel, part G of the 0807/1I section of the D8 high-
way project. We are installing the final lining for the Eastern tunnel tube —
ETT. The installation of the final lining reinforcement of mined parts of the
Panensk4 tunnel is proposed via the system of flow-line production where the
“product” is a self-supporting ring erected from a mobile installation platform
equipped with a hydraulic lifting platform following the shape of the upper
vault. Based on our experience gained during the supply and installation of
reinforcement for the Mrdzovka tunnel, we have selected an installation plat-
form with a similar design.

More detailed information on some of these constructions is provided in this
magazine.

However, as I have already mentioned, we fully realize that one of the most
critical tasks faced by the CTuK ITA/AITES is to secure successful preparati-
on and events of the World Congress in 2007. We are ready to very actively
participate in its preparation in order to make sure our Czech Committee and
the Czech Republic further improve their world image via successful organi-
zational support.

cir‘ww\ ¢

generalni feditel SMP CZ, a. s.
General Manager of SMP CZ, a. s.
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REALIZACE KLENBY HLOUBENEHO TUNELU
NA SILNICI 1738 V JIHLAVE

COVER-AND-CUT TUNNEL ON THE 1/38 ROAD
IN JIHLAVA - THE VAULT CONSTRUCTION

ZDENEK KLEIN, ALEXANDR HERZAN

uvoD

V roce 2004 byla dokoncena a uvedena do provozu stavba silnice
/38 Jihlava, obchvat. Jedna se o prvni dsek etapoveé budované kapa-
citnf komunikace 1/38.

Hloubeny tunel o délce zaklenuti 304 m je soucdsti uvedené stavby.
Smérové leZi cely tunel v levostranném kruhovém oblouku s prechod-
nicemi. Prijezdovy prifez v tunelu odpovidd névrhové tunelové kate-
gorii T-9,00 dle CSN 73 7507. Prujezdnd vyska nad vozovkou je
4,80 m. Po obou strandch vozovky jsou provedeny nouzové chodniky

PP

Sitky 1 m. Svétl4 §itka tunelu je 11 m.

HLAVNI UCASTNICI VYSTAVBY

Investorem stavby bylo Reditelstvi silnic a ddlnic Praha, sprava
Jihlava, vykonem supervize bylo povéfeno VPU DECO Praha, a. s.,
generdlnim projektantem byl DOPRAVOPROJEKT Brno, a. s., pro-
jektantem hloubeného tunelu byl Amberg Engineering Brno, a. s. Rea-
lizace stavby byla zahdjena v roce 2002 a dokoncena v roce 2004.

Vystavbu provddélo sdruZeni firem SdruZeni obchvat Jihlava, kde
vedoucim sdruzeni byl COLAS CZ, a. s., zdvod Jih. Vy$§im zhotovi-
telem hloubeného tunelu bylo 7S Brno, a. s., zdvod MOSAN. Zemni
a vykopové prace provedla firma Stavby silnic a Zeleznic, a. s., Praha,
podzemn{ stény ZAKLADANI STAVEB, a. s., Zelezobetonové mono-
litické konstrukce tloZnych prahd a klenby vCetné portdla provedla
firma SMP CZ, a. s.

Price SMP CZ, a. s., byly provddény v obdobi 14. 4. 2003 az
30. 12.2003.

KONSTRUKCNI RESENI

Hloubeny tunel byl realizovéan ve stavebni jame, kterd byla vyhlou-
bena na nezbytné nutnou hloubku a $itku. Ze dna stavebni jamy byly
provedeny podélné podzemni stény. Na tyto podzemn{ stény betonova-
la firma SMP CZ, a. s., Gllozné prahy v¢etné ploché klenby. Vnitrn{ pro-
stor hloubeného tunelu byl ndsledné odtéZen a uvolnénd hornina byla
pouZzita jako zdsypovy materidl na klenbu tunelu.

Nosnd konstrukce tunelu je tvofena polordmem s pri¢li ve tvaru plo-
ché klenby osazené na podzemnich sténdch Caste¢né vetknutych do
horniny. Realizace podzemnich stén byla provedena technologii navr-
Zenou firmou Zaklddani staveb, a. s., tj. pomoci drapdku. Na kon-
strukci podzemnich stén bezprostiedne navazuji podélné prahy a tune-
lovd klenba. Jejich napojeni na hlavy podzemnich stén je ze statické-
ho divodu jedno z nejeitlivéjsich mist tunelové konstrukce. Proto bylo
nutno technicky a technologicky propojit veSkerou vyztuz mezi st€na-
mi a klenbou. Pro propojeni pruti hlavni nosné vyztuZe byly pouZity
Sroubové spojky typu DEHA.

REALIZACE KONSTRUKCE HLOUBENEHO TUNELU

Zékladni Cinnosti pri realizaci hloubeného tunelu je moZno rozdelit
takto:

@ otevien{ stavebni jdmy hluboké az 9 m a $iroké 13 m v paté svahu;

@ stabilizovani svahu jamy vrstvou stifkaného betonu, hiebikova-
nim a ty¢ovymi kotvami;

@ zhotoveni podzemnf stén;

@ zhotoveni klenby;

@ zhotoven{ obou portéla pfi sou¢asném odebirdni horniny z vniti-
niho prostoru;

@ zpétny zasyp klenby;

@ vestavba vozovky a dokoncovaci préce.

INTRODUCTION

The 1/38 Road’s section bypassing the town of Jihlava was completed
and commissioned in 2004. This by-pass is the first section of the high-
capacity Road 1/38, which is being built in several phases.

Part of the above project is a 304m long cover-and-cut tunnel. The hori-
zontal alignment of the tunnel consists of a circular section (a left-hand
curve) with transition curves. The clearance profile is designed to satisfy
the T-9.00 tunnel category requirements according to CSN 73 7507. The
height clearance above the roadway is of 4.80m. Im wide emergency
walkways are provided along either side of the roadway. The tunnel width
clearance is of 11m.

MAIN PARTIES TO THE PROJECT

The Directorate of Roads and Highways’ Jihlava-based administrative
branch performed the function of the client. They hired VPU DECO Pra-
gue, a. s. as the construction supervisor and DOPRAVOPROJEKT Brno,
a. s. as the general designer. The cover-and-cut tunnel was designed by
Amberg Engineering Brno, a. s. The works started in 2002 and were com-
pleted in 2004. The construction contractor was the group of companies
named Sdruzeni Obchvat Jihlava (the Jihlava Bypass Group), with Plant
South of COLAS CZ, a. s. acting as the lead member of the group. The
“main” contractor for the cover-and-cut tunnel construction was the
MOSAN plant of ZS Brno, a. s.; earthwork was carried out by Stavby sil-
nic a Zeleznic, a. s., Praha (SSZ); diaphragm walls were commissioned to
ZAKLADANI STAVERB, a. s.; reinforced concrete cast-in-situ structures
of the vault footing and the vault, including the portals, were constructed
by SMP CZ, a. s. The work of SMP CZ, a. s., was carried out from 14 April
2003 to 30 December 2003.

CONSTRUCTION DESIGN

The cover-and-cut tunnel was built in a construction trench excavated to
a minimal (necessary) depth and width. The construction trench bottom
was the platform that the excavation for longitudinal diaphragm walls was
carried out from. SMP CZ, a. s. cast capping pieces on the top of the walls,
serving as the vault footing (herein after also referred to as the vault-sup-
porting beam or foundation block), and erected the flat vault. The removal
of the rock from under the cover-and-cut tunnel’s vault followed. The
excavated material was used for the backfill over the tunnel vault.

The load-bearing structure of the tunnel consists of a semi-frame with
a cross beam (the flat vault) resting on diaphragm walls partially embed-
ded in the rock base. The diaphragm walls were constructed using
a technology proposed by Zaklddani staveb, a. s., i.e. excavation with
a grab. The longitudinal vault-supporting beam and the vault rest on the
diaphragm walls. Their connection to the top of the walls is one of the
most sensitive points of the tunnel structure in terms of the structural ana-
lysis. For that reason splicing of all reinforcement bars of the walls with
the reinforcement bars of the vault had to be solved both technically and
technologically. The splicing of the main reinforcement bars was carried
out using DEHA-type threaded coupling sleeves.

THE COVER-AND-CUT TUNNEL CONSTRUCTION

The basic activities carried out during the cover-and-cut tunnel con-
struction can be divided as follows:
@ excavation of the construction trench, 9m deep and 13m wide (at the
bottom);
@ stabilisation of the slopes by applying a layer of sprayed concrete,
soil nails and rock bolts;
@ execution of diaphragm walls;
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Betonaz klenby a obou portala byla provedena firmou SMP CZ,
a. s. Pripravné prdce a betondz klenby byly zahdjeny v dubnu roku
2003.

Pred zacdtkem praci byla zaméfena niveleta zdkladové spéry (zho-
tovitel zemnich praci firma SSZ) a plocha se zpevnila prefabrikaty, po
kterych popojizdéla skruz. Mildnské stény se zaméfily, odboural se
prebytecny beton a plochy se upravily pro napojeni konstrukce tloz-
nych prahu klenby a jejich zdkladovych bloku.

ZAKLADY A STENY

Na pokladni beton se vyty¢ilo bednéni zdkladovych bloka z materi-
dlu PERI. Na bednéni byl aplikovdn odbedniovaci olej Bioform II
véleCkem, tak aby olej vytvoril souvisly mastny film. Pfi armovéni
z vyztuze R 10505 se pouzily distan¢ni podlozky Frank v poctu 4 ks
na 1 m?. Kubatura jednoho zdkladu byla 30 m*. Betonovalo se po vrst-
vdch tl. 30 cm. Vykon cca 35 m*/hod — tedy betondZ i s pfesunem Cer-
padla a osddky trvala asi 2 hodiny. Hutnéni ¢erstvého betonu bylo pro-
vadéno vnitin{ vibraci pomoci ponornych vibrdtort znacky Dynapack
56 mm v poctu 2 ks. Hornf spéra byla oSetrena dfevénym hladitkem.

Na hotové zdklady se montovalo bednéni stén z materidlu PERI.
Bednéni bylo oSetfeno obdobnym zpusobem jako bednéni zédklado-
vych bloka. Bylo provedeno armovani z vyztuZze R 10505 pfi pouZiti
distan¢nich podlozek Frank
B 4 ks na 1m?. Kubatura jedné
stény byla 50 m®. Betonova-
lo se opét po vrstvach tl.
30 cm. Vykon cca 35 m3/hod
— to znamend, Ze betondz
trvala asi 3,5 hodiny. Beton
se hutnil vnitfni vibraci
pomoci ponornych vibritoru
znaCky Dynapack 56 mm
v po¢tu 2 ks. Horni spdra
byla oSetrena dfevénym hla-
ditkem.

Byla realizovdna betondz
praht a klenby najednou
pomoci dvou cerpadel beto-
nové smési na obou strandch
vykopu pro tunel.

Obr. 1 Zdklady a stény hloubeného tunelu
Fig. 1 Foundations and walls of the cover-and-cut tunnel

SKRUZ PRO BETONOVANI KLENBY TUNELU

Projekt podpérné skruZe pro betonovénf klenby tunelu byl zpracovan pro
betondZ kroku délky 12 m. SkruZ byla navrZena z materidlu PIZMO monto-
vaného ,,na lezato“. Sloupky S jsou ve sméru vodorovném a tvoii spodni
a horni pdsy prihradové konstrukce, ztuzidla Z prenédseji svislé a vodorovné
zatizeni. K zajisténi prostorové tuhosti je sestava dopInéna ztuzidly Z5. Pri¢-
né usporadani skruZe je patrné z obrézku 2 a 3.

Pro uloZeni skruZe pfi betonovani slouZily betonové pasy S$itky
1 m a tloustky min. 0,3 m. Celkem 5 pasti umisténych soumérné s osou tune-
lu a vzdjemnou osovou vzddlenosti 2,0 m. Pasy ¢. 2 a 4 slouzily zaroven jako
draha pro presun skruZe do ndsledujiciho bet. taktu. Vyskova poloha horni
hrany pasu je 200 mm pod trovni spodni plochy klenby méfené v ose tune-
lu (tj. asi 700 mm pod droven pracovni spéry v paté klenby).

Bednéni klenby bylo feSeno z materidlu ALPI (nosniky OMEGA, spojky
MTO) upevnéného na ramendty z materidlu PERI (obloukové bednéni
GRYV). Vyskové zaobleni bednénf zajistovaly nosniky OMEGA pomoci dre-
vénych vlozek, v &asti prechodu klenby do stény bylo nutné mezi nosniky
OMEGA a preklizku vloZit svislé dievéné ramendty po 0,30 m. Upevnéni
ramendt GRV na sloupky PIZMO bylo pomoci &epti ¢ 20 mm na atypické
stoli¢ky vyrobené ve Vyrobné ocelovych konstrukci Beroun, SMP CZ, a. s.
Vzdélenost ramendtu — 1,20 m, piicné rozlozeni nosniki OMEGA do
0,30 m. Pohledovou ¢dst bednéni tvoii 2x vrstva preklizky tl. 9 mm. Pro
zachyceni vodorovnych sil byla skruz PIZMO doplnéna teleskopickymi
vzpérami 6x PERI (SLS 100/180 a 140/240) v kazdém ramendtu GRV. Pro
snadné&j3i presun pro odbednéni je krajni ¢dst ramendti GRV navrZena jako
sklopna.

UloZeni skruze po dobu betonovéni bylo feSeno pomoci celkem 5 x 9
odbednovacich bloka ALPI 42 tun (vy$ka 190 az 290 mm, hmotnost 30 kg).
Umisténi blokii bylo vzdy pod spodni hranu dolniho pasu PIZMO v misté
sty¢niku ztuZidel. Mezi sloupek a odbednovaci blok byla vklidana rozndSeci
deska tl. 20 mm (2x R5). Pod odbedniovaci blok bylo nutno vkladat vrstvu
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@ erection of the vault;

@ construction of both portals, concurrently with the excavation under

the vault;

@ backfill of the vault;

@ construction of the roadway and the other finishing operations.

The vault and both portals were cast by SMP CZ, a. s.. The preparation
operations and casting of the vault started in April 2003.

The level of the foundation base was surveyed prior to the commence-
ment of the work (the survey was carried out by the sub-contractor for
earthwork, SSZ a. s.). The foundation base surface was paved with precast
panels allowing the traveller shutter to move. The top of the Milan-type
diaphragm walls was surveyed, trimmed (by breaking excessive concrete
away) and the surface was provided with a finish suitable for proper con-
nection with the capping piece.

FOUNDATIONS AND WALLS

Staking for the formwork for casting the foundation blocks was carried
out on the surface of a blinding concrete layer. The surface of the PERI
system formwork was treated with Bioform II releasing agent, using rol-
lers so that a continuous oily film was created. Reinforcement bars
R 10505 were placed, with 4 Frank spacers per 1 m2 of the concrete sur-
face. One foundation block contained 50 m3 of concrete. Concrete was
poured in layers 30cm thick. At the casting rate of about 35 m3 per hour,
the casting took about 3.5 hours. Fresh concrete was compacted by inter-
nal vibration using 2 pieces of Dynapack 56mm immersion vibrators. The
upper surface was treated by trowelling. The vault-supporting beam and
the vault were cast in one operation, with one concrete pump positioned
on each side of the construction trench.

TUNNEL VAULT SCAFFOLDING

The tunnel vault scaffolding was designed considering the length of
12m for one casting block. The PIZMO forming system was proposed, to
be installed in a “horizontal position”. The S uprights are installed hori-
zontally, thus forming the bottom and upper webs of the truss; the Z bra-
ces carry the vertical and horizontal loads. The set is complemented by
adding Z5 sway braces so that spatial toughness of the scaffolding is secu-
red. The cross-section of the scaffold is shown in Fig. 2 and 3.

Precast concrete strips 1m wide and at least 0.3m thick were laid to
allow the erection of the scaffolding. There were 5 strips in total, positio-
ned symmetrically with the tunnel centre line, at a 2.0m spacing. The
strips No. 2 and No. 4 served also as a path for moving the scaffold to the
next block casting position. The upper surface of the strips is 700mm
under the springing line.

The formwork for the vault casting was designed from the ALPI system
components (OMEGA girders, MTO couplings) fixed to PERI system gir-
ders (GRV templates). The vertical curvature of the formwork was achie-
ved by the OMEGA girders and wooden inserts; vertical wooden stiffe-
ning trusses had to be inserted between the OMEGA girders and plywood
every 0.30m in the part where the vault transits to the wall. The GRV tem-
plates were fixed to the PIZMO uprights by means of dowels 20mm in dia-
meter to non-standard chairs produced by SMP CZ, a. s. in its steel-struc-
tures-fabrication workshop operating in Beroun. The spacing of the GRV
templates was 1.20m, the lateral spacing of the OMEGA girders was up to
0.30m. The surface-forming part of the formwork consists of 2 layers of
plywood 9 mm thick. 6 telescopic spindles PERI (SLS 100/180 and
140/240) were added to the PIZMO scaffold at each GRV template so that
horizontal forces were resisted. To facilitate the movement and stripping
of the form, the side row of the GRV templates is foldable.

The scaffolding was supported during the concrete casting by 5 x 9 pie-
ces of ALPI 42 ton load-bearing towers (height of 190 to 290mm, weight
of 30kg). The towers were positioned under the bottom edge of the res-
pective PIZMO upright’s web, at the connection points of sway braces.
Aload-distribution plate (2 x RS) was inserted between the upright and the
load-bearing tower. A min. Scm thick layer of hardwood plate was placed
under each tower. At this configuration and at the maximum reaction from
the concrete on the concrete strips reaching 150kN, the foundation base
stress did not exceed 0.2 MPa.

In the phase of repositioning, the scaffolding was supported by 10 pcs
of PEINERs (elements for moving the uprights) with bearing capacity of
150kN each. The total weight of the scaffolding and formwork did not
exceed 1100kN. The scaffolding was moved along a horizontal steel track
(U180 sections) installed on the concrete strips No. 2 and No. 4. The strip-

ping height was up to 70 mm.
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Obr. 2 SkruZ pro betond? klenby — pri¢ny rez
Fig. 2 Tunnel vault scaffolding — cross section

dreva (tvrdé) tl. minimalné 50 mm. Pii tomto sloZeni a max. reakci od beto-
nu (150 kN) na betonové pasy je namahani zdkladové spary do 0,2 MPa.

UloZeni skruZe pro presun do ndsledujiciho betonovaného taktu bylo na 10
kusech PEINER (dilec pro presun stojek) s nosnosti do 150 kN/ks. Celkova
hmotnost skruZe a bednéni byla do 1100 kN. Pfesun probihal po bet. pasu
¢.2 a¢. 4, nakterych byly uloZeny ocelové profily U180 jako ocelové kole-
je. Odbednovaci vyska — do 70 mm.

Pro osazenf skruZe do polohy pro betondz byly pouZity 4 hydraulické zve-
ddky s nosnostf 250 kN s rozndSeci deskou tl. 20 mm, umisténé pod spodnim
pasem skruze (PIZMO sloupky). Pro pfesun skruze po vodorovné ocelové
draze (profil U180) byla nutnd sila asi 80 kN (asi 5 % tihy skruze).

Bednéni stény tunelu a prechodu do klenby bylo navrzené pomoci ramo-
vého bednéni PERI TRIO (desky TR270x72, TR270x30, kloubovy roh
TRG270, zamky BFD). Bednéni horni plochy bylo navrZené z bednicich
dilct z materidlu ALPI (MC nosniky, OMEGA nosniky s dfevénou vlozkou
a preklizka tl. 21 mm). Rddlovani desek TRIO k vnitinim ramenatim PERI
GRV bylo nutné vzhledem k rozdilné poloze rédlovacich otvort v TR a polo-
ze ramenati GRYV zajistit piiloznym ocelovym nosnikem PERI SRZ na vniti-
ni strané bednéni. Nosniky ALPI OMEGA byly navrzeny s rozte¢i jako
ramendty GRV (1200 mm) (viz obr. 2 a 3).

BEDNENI

Pred zacdtkem bednéni byla provedena kontrola odbouréni vodicich zidek
na pozadovanou troveii a pohledové kvality koruny podzemnich stén. Na
bednéni byl aplikovan odbednovaci olej Bioform II valeckem, tak aby vytvo-
fil souvisly mastny film. Pata bednéni byla spusténa o asi 1000 mm oproti
pracovni ploiné stavebni jamy. Pfi pripravé bednéni se kontrolovala plocha
a pripadné vady v bednénf se tmelily dvouslozkovym epoxidovym tmelem.
Pri vét$im rozsahu poskozeni se menila celd deska.

BETONARSKA VYZTUZ

Vyztuz byla uklddéna podle RDS za pouziti distancnich podlozek tak, aby
bylo zajiténo predepsané kryti. Specifikem je zdvitovd vyztuz tridy 10 505
20,25 a 28 mm s pravym zdvitem a spojky vyztuze DEHA WD 90 — 20,
25 a 28 R/L. Pfi tomto spojeni se dbéd naprosté Cistoty. VyztuZ je vdzand,
tfminky a rastr vyztuZe jsou svareny.

Obr. 4 VyztuZ klenby
Fig. 4 Reinforcement of the vault

Obr. 3 Pohled na skruz
Fig. 3 Vault scaffolding

The scaffolding was lifted to the casting position using 4 hydraulic jacks
with 20mm thick load-distribution plates, with bearing capacity of 250 kN
each. The jacks were placed under the bottom edge of the respective
PIZMO upright’s web. A force of about 80kN (about 5% of the weight of
the scaffolding) was necessary for moving the scaffolding along the steel
track (U180 rolled/steel sections).

PERI-TRIO frame-type formwork (TR270x72 and TR270x30 panels;
TRG270 articulated corner; BFD alignment couplers) was designed for
the casting of the tunnel wall and the transition to the vault. The upper sur-
face was formed using ALPI system components (MC girders, OMEGA
girders with wooden inserts, and 21mm thick plywood). To make the tying
of the TRIO panels with the internal PERI GRV templates possible (the
positions of the tie-holes in the TR and the positions of the GRV templa-
tes differed), it was necessary to use PERI SRZ steel walers, fixed to the
internal formwork. The ALPI OMEGA girders were designed at spacing
identical with that of the GRV templates (1200mm) (see Fig. 2 and 3).

FORMWORK

Prior to the commencement of erection of the formwork, it was neces-
sary to check whether the guide-walls had been removed to the required
depth and whether quality of the surface of the concrete capping beam was
satisfactory. Bioform II releasing agent was applied to the formwork with
rollers, creating a continuous oily film. The foot of the formwork was
lowered about 1000mm under the surface of the working platform (under
the bottom of the construction trench). The surface of the formwork pane-
Is was inspected, and contingent defects were removed using two-compo-
nent epoxy-based levelling putty. The complete panel was replaced in case
of a larger extent of the defect.

CONCRETE REIFORCEMENT

The detailed design required utilisation of spacers ensuring a necessary
cover of the reinforcement bars. A specific feature were all-thread reinfor-
cement bars (right thread; 20mm, 25mm and 28mm diameters, steel grade
10 505), and DEHA WD 90 — 20, 25 and 28 R/L threaded coupling slee-
ves. Absolute cleanness was necessary when this type of reinforcement
splicing was used. Main reinforcement bars were tied; hoops and the grid
were welded.

The reinforcement bars were transported from the processing plant to
the construction site strictly according to a logistic schedule.

The vault reinforcement execution is shown in Fig. 4.

CONSTRUCTION JOINTS

The joint between the crown of the diaphragm wall and the capping
piece was sealed with self-adhesive swelling strips Sika Swell S-2. Two
strips were applied on the top of the Milan diaphragm wall: one strip lon-
gitudinally in the middle, the other strip about 2cm deep under the exter-
nal surface of the wall. Transversal joints between the blocks of the cap-
ping pieces were sealed by 20mm thick Styropor inserts, reaching to
a depth of 150mm from either side surface. On the internal surface, the
joint was sealed with a SIKA FUGENBAND FA 100/30 waterstop. This
system was also applied to the vault, without interruption. Styropor
inserts 20mm thick were used in all transversal day joints in the vault.
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Doprava vyztuZe probihala presné podle logistického ndvrhu pifmo
z vyrobny aZ na pracoviste.
Provedeni vyztuze klenby je zfejmé z obr. 4.

SPARY

Spdra mezi korunou podzemni stény a podélnym prahem se tésnila samo-
lepicim expandujicim paskem typu Sika Swell S-2, ktery se osadil na koru-
nu podzemni ,mildnské” stény. Na korunu mildnské stény byl osazen
v podélném sméru jeden prouzek v poloviné a druhy prouZek asi 2 cm od
vnéjsi hrany mildnské stény. Do pficné spary mezi podélnymi prahy klenby
se vkladaly vlozky Styropor tl. 20 mm na hloubku 150 mm z kaZdé strany.
Licovd spdra bude opatiena plastovym tésnicim profilem SIKA
FUGEBAND FA 100/30. Tato tGprava se provaddéla i v klenbé bez preruseni.
Do pri¢nych pracovnich spér klenby se vkladal Styropor tl. 20 mm v celé
ploe. Takto se oetfilo i napojeni portdlt. Vnitini podélnd hrana prahu klen-
by byla zkosena trojhrannou listou 20/20 a vnitini pri¢nd spara v misté osa-
zeni tésnéni Fugeband byla zkosena trojhrannou listou 15/15 oboustranné.

CHRANICKY, KOTVY A MERICKE SROUBY

V klenbé byly osazeny a napojeny chrani¢ky z podzemnich stén, které
pokracovaly v klenbé. Jednalo se o korugované trubky Novotub 160/137.
Chrénicky byly vytaZeny ve vrcholu klenby samostatné z kazdé strany. Osa-
zeni chranicek bylo provedeno vyvazanim k vyztuzi.

Pro zavéSeni pohledovych panelu podzemnich stén byla osazena kotvend
kolejnice Halfen HTA 38/17. Tato byla osazena na spodnim ozubu prahu
uvnitr klenby na obou strandch. Déle byl osazen meficky Sroub pro méfen{
bludnych proudd z nerez materidlu, ktery je spojen koutovym svarem
s vyztuZi. Tento Sroub je osazen rovnéZ v dolnim ozubu prahu vnitini klenby
na jedné strané.

BETONAZ

Dodavatelem betonu byla firma Holcim beton, a. s., betondrna Jihlava,
ulice Pdvovska 138. Jako zdlozni pro piipad poruchy nebo vypadku el. prou-
du byla pripravena betondrna Havli¢kuv Brod stejné firmy. Byl pouZit beton
C 30/37 2bb, jehoZ receptura byla schvélena objednatelem.

Dopravni trasy:

— 7z betondrny Jihlava pfes mésto na stavbu asi 7 km — 20 minut;
— z betondrny Havlicktv Brod na stavbu asi 25 km — 50 minut.

Trasy byly vedeny béznym méstskym provozem.

Typy a poCet dopravnich prostiedki: 6 x Tatra o objemu 5 m3 a 2 x Iveco
0 objemu 8 m3.

Betonovalo se erpadly Putzmeister 32 m a 24 m soucasné. Predpokldda-
nd doba od priddni vody k cementu do ukonceni prepravy véetné éerpani byla
90 minut pro betondrnu Jihlava.

UKLADANI A HUTNENI CERSTVEHO BETONU

Vysyp betonu z hadice byl u uklddky do prostoru za plentami max. 120 cm
a u klenby max. 70 cm nad trovni uklddky Cerstvého betonu, aby se zamezi-
lo jeho rozmiseni. Jako prvni byl ukldddn beton do podélnych praht a &ésti
klenby do vysky cca 3,6 m, coz je vyska zaklopného bednéni s vykonem cca
35 m3/hod. (jednd se o 80 m3), ndsledné byla betonovana 35 cm silnd vrstva
celé klenby s vikonem cca 25 m3/hod. a po jejim dokonceni byla ihned beto-
novédna druhd vrstva 35 cm silnd stejnym vykonem (jednd se o 50 m3).

Hutnéni Cerstvého betonu bylo provadéno vnitini vibraci pomoci ponor-
nych vibrétort a také pomoci priloZnych vibratora pfipevnénych na zaklop-
né bednéni. Pouzivany byly vibratory znacky Dynapack, a to 38 1 ks, @46
3 ks, @56 6 ks a 3 ks piiloznych. Povrch betonu je ndsledné zacistén zednic-
ky dfevénym hladitkem.

Maximalni pripustnd doba ukonceni hutnéni byla 120 minut od pfidan{
vody k cementu na betondrné.

OSETROVANI BETONU

U zékladu, stén a fims potiebuje ihned beton pfi procesu tuhnuti a tvrdnu-
ti dostate¢né mnozstvi vody — musi byt vlhky. Hlavnim tikolem oSetfovéni je
tuto potrebnou vlhkost betonu uchovat. Thned po zabetonovani asti do vysky
zdklopného bednéni se zakryji otvory v tomto bednéni pripravenymi deska-
mi. Thned po skoncen{ betondZe se povrch betonu (vnéjsi ¢dst klenby) prikryl
geotextilif a igelitovou plachtou, provéadéla se kontrola povrchu betonu a po
dobu péti dni byl povrch betonu vihéen. Po nabéhnuti 50 % pevnosti betonu
(zjisténo Schmidtovym tvrdomérem) doslo k odbednéni a k presunu skruze
v tubusu klenby. ObnaZeny beton byl ihned zkrdpén vodou v intervalech
jedné hodiny po dobu 24 hodin. Od doby 42 hodin po betonézi az do stéri
betonu 5 dnd byla pravidelné 2x denné zkrdpéna vnitini pohledové plocha
klenby.

Toel

The connection of the portals was also treated in this manner. The internal
longitudinal edge of the vault-supporting beam was bevelled using a 20/20
triangular bead, and the internal transversal joint in the strip where the
Fugenband waterstop was to be applied was treated similarly, using
a 15/15 triangular bead (on both sides of the joint).

CABLE DUCTS, ANCHORS AND MEASUREMENT BOLTS

Corrugated cable ducts Novotub 160/137 were installed already in the
diaphragm walls, and continued in the vault. The outlets of the ducts, sepa-
rately for either side of the vault, were executed at the apex of the vault.
The ducts were fixed by tying to reinforcement bars.

A Halfen HTA 38/17 rail (I-section) was anchored to the internal surfa-
ce, at the bottom edge of the vault-supporting beam, on both sides of the
tunnel. It served for the suspension of the diaphragm wall cladding pane-
Is. Further, a stray current measurement bolt was installed. The stainless
steel bolt was connected with the reinforcement bar by a lap weld. This
bolt was also fixed on the internal surface, at the bottom edge of the vault-
supporting beam (on one side of the tunnel).

CONCRETE

Concrete was supplied by Holcim Beton, a.s. from its batching plant in
Jihlava, Pavovskd Street 138. Another batching plant was prepared as
a stand-by facility by the same supplier in Havli¢kuv Brod, to be used in
case of a failure or blackout. Concrete C 30/37 2bb was used, the mix
composition was approved by the client.

Transportation routes:

- from the batching plant in Jihlava through the town to the
construction site — about 7km, 20 minutes

- from the batching plant in Havli¢kuv Brod to the construction
site — about 25km, 50 minutes

The routes followed common urban traffic flows.

Types and number of transmixers: 6 x Tatra (5m3) and 2 x Iveco (8m3)

Concrete pumps Putzmeister reaching 32m and 24m worked simultane-
ously. A 90-minute time was assumed to be spent starting from addition of
water to cement in the Jihlava batching plant till the end of transport, inc-
luding the pumping operation.

The maximum allowable time period from addition of water to
cement at the batching plant to the end of concrete compaction was of
120 minutes.

CASTING AND COMPACTION OF FRESH CONCRETE

To prevent segregation, the outlet of the pump hose was kept during the
concrete pouring at a maximum height of 120 cm above the already pla-
ced concrete level in the case of pouring into the double-sided formwork,
or 70cm when the remaining part of the vault was cast. In the first phase,
concrete was poured to the longitudinal vault-supporting beams and the
section of the vault ending at a height of about 3.6m (i.e. the section with
double-sided formwork), at a rate of about 35m3 per hour (80m3 in total).
The casting of the remaining part of the vault followed, divided into two
layers. The first 35cm thick layer was cast at a pouring rate of 25m3 per
hour. The other layer, 35cm thick, was poured subsequently, at the same
pouring rate (50m3 in total).

Fresh concrete was compacted by internal vibration using immerse
vibrators, and also with external vibrators mounted on the top of the doub-
le-sided formwork. Immerse vibrators Dynapac (@38 — 1 pc, @46 — 3 pcs,
@56 — 6 pes) and 3 pes of external Dynapac vibrators were used. It is
a rule for the vibration that the vibration effect on fresh concrete is distri-
buted uniformly, with overlapping of the areas affected by the vibration.
The vibrators worked continuously during the concrete pouring, until air
bubbles seized to escape from the concrete. Subsequently the concrete sur-
face was smoothed by trowelling.

The maximum allowable time period from addition of water to cement at
the batching plant to the end of concrete compaction was of 120 minutes.

CONCRETE CURING

Concrete used for foundations, walls and cornices requires sufficient
amount of water during the setting and hardening process, to remain
moist. The main purpose of curing is to maintain the required concrete
moisture content. Immediately after the completion of pouring concrete up
to the top of the section provided with the double-sided formwork, the
ports in the formwork were covered with prepared panels. Immediately
after the completion of the vault casting, the external concrete surface was
covered with geotextile and a PE membrane. The concrete surface was
checked and moistened for a period of 5 days. When a value of 50% of the




Obr. 5 Odbednény povrch klenby
Fig. 5 Stripped vault concrete surface

ODBEDNENY POVRCH

Vrchlik klenby byl upraven zednickym hladitkem a ostatni ¢dsti vnéjsiho
povrchu byly v odpovidajici kvalité betonu pri pouZiti bednéni Peri-Trio.
Zabrusovana byla podélnd hrana vnéjsiho prahu klenby. Dal3{ tiprava vnéjsi-
ho povrchu nebyla nutnd. Povrch vnitfniho tubusu byl v pohledové kvalité
podle RDS (obr. 5). Otvory po spinacich ty¢ich se zakryvaji v pohledovych
plochdch podle piiloZzeného ndkresu. Sanace se provadéla v rozsahu: beto-
nazni otvory vnéjsi klenby v zdklopném bednéni{ a otvory po vzduchovych
pérech od hloubky 0,5 cm.

ZAKRYTI OTVORU PO SPINACICH TYCICH

Pii realizaci byly zaslepovdny otvory po spinacich ty¢ich v licovych
i rubovych plochédch pohledovych konstrukei. Zakladem je uzavieni povrchu
betonu a zamezen{ pronikdni vody do otvoru a ddle estetické hledisko.

Pouzité materidly — lepidlo PCI pouzito podle technického listu vyrobee,
trubi¢ka PVC, umélohmotny kénus, zdtka PVC a betonovy kénus.

Strojni zarizeni — vysokotlaky vodni Cisti¢, michaci zarizeni pro michani
lepidla, béZné zednické nacini.

Postup praci — po odstranéni spinaci tyce a o¢istén{ otvoru od betonu a pra-
chu (kartd¢ a voda) se pomoci palicky a koliku nasad{ zdtka PVC. Po nasa-
zeni naneseme na kontaktni plochu betonu dostate¢né mnozstvi lepidla
a rukou popiipadé pali¢kou zatla¢ime betonovy kénus do otvoru.

Poté zednicky zalistime piipadné prebytky lepidla.

SANACE BETONOVYCH PLOCH

V prubéhu vystavby bylo nutno pristoupit k sanaci kaveren vzniklych
uvolnénim vzduchu pri vibraci betonu a prisatim k bednéni. Byly provddény
sanace licovych i rubovych ploch konstrukce klenby. Zdkladem je zajisténi
dostate¢ného kryti vyztuZe, estetika pohledu, pripadné zlepSeni vlastnosti
povrchu pod izolaci.

Materidlové zajisténi — sanaéni hmota Permapatch TH-35-W regular
(5-20 mm) a fine (do 5 mm) pouzita podle tech. listu vyrobce.

Strojni zafizeni — tlakovd voda, pomalobéZznd michacka pfipadné podobné
zafizent, geotextilie a folie, pouZito bézné zednické nacini.

Postup praci — betonové konstrukce byla v misté sanace zdrsnéna, mecha-
nicky oci§téna a omyta tlakovou vodou miniméln¢ jednu hodinu pred samot-
nou sanaci. Povrch musel byt naprosto €isty, zbaven prachu a nesoudrzného
materidlu, vlhky, nikoliv mokry. Podle pokynu vyrobce byla pripravend
hmota zednickou stérkou nebo $tétcem nandsena v misté sanace. Po vytvrd-
nuti podkladu bylo mozno nanést dal3{ vrstvu. Findlni vrstva byla zednicky
zaCisténa a ihned vlh¢ena a chrdnéna folif proti vysychéni, povétrnostnim vli-
vim a slunci po dobu sedmi dn.

SYSTEM PROVERENI JAKOSTI

Vlastni kontrola (jeden postup klenby):

— zjistén{ konzistence smési, pozadavek 130 — 160 mm Abramse, zkouska
smési z kazdého mixu;

- zjisténi provzdusnéni, pozadavek 4,6 — 7.6 %, prvni tii mixy a pri
zhotoveni KZT;

14. rocnik - €. 3/2005

concrete design strength had been achieved (as determined by the Schmidt
hammer rebound test) the formwork was struck and the scaffolding moved
ahead of the completed vault. The exposed concrete surface was immedi-
ately sprayed with water, at 1-hour intervals, round-the-clock. From the
concrete age of 42 hours to the age of 5 days, the internal surface of the
vault was sprayed regularly, twice a day.

STRIPPED CONCRETE SURFACE

The soffit of the vault was finished by trowelling, the quality of conc-
rete surface of the other parts of the external surface complied with spe-
cifications for the PETRI-TRIO formwork system. The longitudinal exter-
nal edge of the vault-supporting beam was finished by grinding. Other tre-
atment of the external surface was not necessary. The quality of the inter-
nal surface complied with the requirements set in the detailed design (see
Fig.5). Tie-holes in the unclad internal surfaces were treated as shown in
the attached sketch. The scope of repairs covered the locations of the conc-
rete pouring ports in the external formwork, and blow holes deeper than
0.5cm.

PLUGGING OF TIE-HOLES

The holes remaining in the structure when formwork tying rods are
removed had to be plugged, both for aesthetic and structural reasons
(water seepage prevention).

Used materials: PCI adhesive (used according to manufacturer’s speci-
fication), PVC pipe, plastic cone, PVC plug and concrete cone.

Equipment: high-pressure water jet set, glue mixing machine, common
mason’s tools

Work procedure: The tying rod was pulled out, then the hole was clea-
ned (by brushing and washing) and the PVC plug was driven into the hole
using a mallet and a pin. Sufficient amount of glue was applied to the con-
tact concrete surface, and the concrete cone was pressed to the hole with
hand or with the mallet.

Then contingent excessive glue was removed using mason’s tools.

REMOVAL OF SURFACE DEFECTS

It was necessary during the construction to remove surface defects cau-
sed by the escape of air bubbles clinging to the formwork, thus forming
caverns on the surface. Both the internal and external concrete surfaces of
the vault structure were trimmed. The objective of this operation was to
secure sufficient cover of reinforcement bars, visual aesthetics, or impro-
vement of the surface which was a substrate for waterproofing layers.

Used materials: Permapatch TH-35-W compound - Regular (5-20mm) and
Fine (up to 5Smm), used in accordance with manufacturer’s specification

Equipment: high-pressure water jet set, low-speed mixing machine or
similar equipment, geotextile and PE membrane, common mason’s tools.

Work procedure: The concrete structure was roughened at the given
place, cleaned mechanically and washed with pressure water, at least one
hour before the repair. The surface had to be perfectly clean, without dust
and incoherent material, moist but not wet. The compound prepared accor-
ding to manufacturer’s specification was applied to the place being repai-
red with a float or brush. The next layer of the compound could be appli-
ed after proper hardening of the previous layer. The surface of the final
layer was trowelled and immediately moistened and protected by PE
membrane against drying up, weather effects and sun for seven days.

QUALITY VERIFICATION SYSTEM

Inspection items during the casting (per one casting block of the

vault)

- determination of consistency of the concrete mixture (130 — 160mm
slump at the Abrams’ test required; samples taken from each truck);

- determination of aeration (4.6 — 7.6% required; samples taken from
initial three trucks and concurrently with sampling for concrete test
cubes);

- production of 6 pieces of concrete test cubes (CTC) for concrete cube
strength testing;

- production of 1 piece of CTC for testing of pressure water permeabi-
lity of concrete;

- production of 1 piece of CTC as a spare piece;

- measurement of ambient air temperature and concrete mixture tempe-
rature

After the casting:

- Schmidt hammer rebound testing according to the specification and
with respect to a correlation chart for determination of the time of
formwork stripping (available on the site).
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Bet. konus Beton

Zé4tka PVC Concrete cone Concrete
PVCPlug e

Lepidlo PCI

PCI Adhesive

Obr. 6 Detail zakryti otvoru po spinacich tyéich
Fig. 6 Tie-hole plugging

— zhotoveni 6 ks KZT pro zkousku krychelné pevnosti betonu v tlaku;
— zhotoveni 1 ks KZT pro zkousku odolnosti betonu vuci prasaku tlakové
vody;

— zhotoveni 1 ks KZT jako zdlozntho;

— méfenti teploty vzduchu a erstvého betonu pii odbéru KZT.

Po betonazi:

— méfeni Schmidtovym tvrdomérem podle dokumentace a stanoveného
korelagniho stavu ulozeného na ZS pro stanoveni doby odbednéni.

PORTALY

Tunelovy tsek je na obou koncich ohranic¢en portdlovymi konstrukcemi —
jiZznim a severnim portdlem. Oba portély jsou feSeny konstrukci shodného
tvaru — jako Sikmo sefiznuty tunelovy tubus s rovnobéznymi kridly, doplné-
ny v klenbové &dsti prucelni ifimsou — parapetni zidkou, zakruZenou do tvaru
klenby. SMP CZ, a. s., provéddéla Zelezobetonovou monolitickou konstrukci
portdll vetné totdlni dilatalni spdry (SIKA FUGEBAND FA 100/30
a STYROPOR) mezi konstrukei tunelu a portaly.

Byly provedeny tyto oddélené kroky betondze:

— betondZ zdkladovych past
— betonaz nosné konstrukce portalu
— dobetondvka fimsy portdlu

Z4kladové pasy portalu

Konstrukce portdli a rovnobéZnych kiidel byla zaloZena na podélnych
zékladovych pasech z betonu C30/37 2b a oceli (R) 10 505 (Sitky 2,3 m,
vysky 1,2 m a délky 10 m), oddelenych totdlni dilataéni sparou od konstruk-
ce tunelu. Do konstrukce zdkladovych past nezasahuje Zadné vedeni siti
v tunelu.

Nosni konstrukce portalu
Bednéni portdld bylo provedeno ve spolupréci s firmou PERI do prekliz-
ky. Povrch licovych a viditelnych ploch betonu C30/37 2b portala byl pro-
veden jako hladky, se zvySenym durazem na estetickou stranku, jelikoz se
jednd o jedinou, zvenci viditelnou ¢ést tunelu a o vyrazny architektonicky
prvek celé stavby.
Portalova Fimsa
Portdlova fimsa byla provedena jako nadbetonovana C 30/37 2b Cést
nosné portdlové konstrukce, na rubové strané byla opatfena okapovym
nosem pro zatazeni hydroizolace. Pracovni spdra v Celni pohledové plose po
vybetonovani fimsy byla upravena zabrousenim a vyspravenim povrchu.
Uvedené konstrukce byly realizovéany za provadéni zemnich praci v tune-
lovém télese, coZ znamenalo navrhnout ze strany odskruZen{ portdld v pro-
storovém leSeni prijezdny profil pro dopravu a mechanizaci. Byl realizovén
nejprve jizni portdl a ndsledné severni portdl.
ZAVER
Préce byly provedeny ve velmi dobré kvalité. Pii realizaci tloznych praht
v&etné ploché klenby doslo k zefektivnéni praci spojenou betondzi tloznych
prahu a klenby najednou pomoci dvou erpadel a dvou betondiskych part.
Vzhledem k navrZené recepture betonu bylo mozné uskute¢nit posun bedné-
ni po 3 dnech. Déle bylo koordinovano zafizen{ staveni§t¢ a ostatni préce tak,
aby nedoslo k preruseni praci na nosné konstrukci ani k jejimu presmérova-
ni. BohuZel se nepodarilo zbudovat alespon provizorni klenbu pldnovaného
soub&Zzného tunelu pod ulici Rantifovskd tak, aby bylo mozno v budoucnu
bez zdsahu do méstské infrastruktury dostavét tunel pro predpoklddany pro-
voz 2 x 2 jizdni pruhy.
Tunel, dnes jiz v provozu, plné slouZzi svému ticelu.
ING. ZDENEK KLEIN, klein@smp.cz,
ALEXANDR HERZAN, herzan@smp.cz,
SMP CZ, a. s.

Obr. 7 Usek silnice 1/38 s hloubenym tunelem po uvedeni do provozu
Fig. 7 The I/38 road section with the cover-and-cut tunnel open to traffic

PORTALS

The tunnelled section is delimited at both ends by portal structures,
i.e. the south and north portal. Geometry of both portals is identical:
a splayed tunnel tube with parallel wings, with a parapet wall on the edge
of the vault following the curvature of the vault. SMP CZ, a. s. executed
the reinforced concrete portal structures, including expansion joints
(SIKA FUGENBAND FA 100/30 waterstop plus STYROPOR) between
the tunnel structure and the portals.

The following casting sequence was used:

- casting of strip foundation
- casting of the portal load-bearing structures
- casting of the parapet wall

Strip foundation of the portals

The portals and parallel wings were founded on longitudinal reinforced
concrete strips (concrete C30/37 2bb, steel R 10 505) 2.3m wide,
1.2m high and 10m long. The foundation strips were separated by expan-
sion joints from the tunnel structure. None of the tunnel services interfe-
red with the strip foundation.

Portal load-bearing structures

The formwork for the portals was carried out in collaboration with
PERI, using plywood. Architectural concrete finish was designed for
visible concrete surfaces (C30/37 2bb) of the portals with respect to the
fact that they are a significant architectural feature of the tunnel construc-
tion, and the only part of the tunnel visible from the outside.

Portal parapet wall

The portal parapet wall was built on the top of the portal structure, using
concrete C30/37 2bb. On its reverse side, the wall was provided with flas-
hing, which allowed the connection of waterproofing. The joint between
the vault and the parapet wall, which is found in the visible front surface,
was trimmed by grinding and patching.

The above-mentioned structures were built concurrently with the exca-
vation carried out inside the concrete tunnel envelope. For that reason it
was necessary for the portal scaffolding to be designed as a gantry stradd-
ling the traffic protection shell. The south portal was built first, the north
portal followed.

CONCLUSION

The quality of the work was very high. The efficiency of the work on
the vault-supporting beams and the flat vault was enhanced by the system
of concurrent casting of the beams and vault, using two concrete pumps
and two concrete casting gangs. Owing to the designed composition of the
concrete mixture, the formwork could be repositioned as early as 3 days
after casting. Further, the site facility and the other operations were
co-ordinated in a manner preventing any suspension of the work on the
load-bearing structure. Unfortunately, an attempt to build an at least tem-
porary vault of the planned parallel tunnel tube under Rantifovskd Street
failed. It would have allowed completion of the tunnel construction for the
expected 2 x 2-lane traffic without affecting the urban infrastructure in the
future. The tunnel is already operating, and fully serves its purpose.

ING. ZDENEK KLEIN, klein@smp.cz,
ALEXANDR HERZAN, herzan@smp.cz,
SMP CZ, a. s.
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TUNEL SOUMAGNE
SOUMAGNE TUNNEL

IWAN COUCHARD, CHRISTIAN AUBERT, WILLIAM WELBURN

uvoD

Belgické Zeleznice v soucasné dobé buduji tunel u Soumagne, ktery bude
soucasti vysokorychlostni Zelezni¢ni trati mezi Bruselem a Kolinem nad
Rynem (obr. 1). Dvoukolejny tunel o délce 5940 m, s jednou tunelovou
troubou, s dseky hloubenych tuneli o délce 177 m a 413 m umozni, aby
vysokorychlostni vlaky urazily vzdélenost z belgického hlavniho mésta
do centra Kolina nad Rynem za 1 hodinu a 40 minut.

Objednatel: Belgian Railways (Societé Nationale
de Chemin-de-Fer-Belge)

Dohlizejici inZenyrska organizace:

Dodavatel:

Vedouci firma konsorcia

Vedouci projektu konsorcia

T U C Rail

Konsorcium sklddajici se z:
CFE (B)

Vinci Construction Grands Pro-
jets (F)

Bouygues Belgium (B),
Bouygues TP (F)

Duchene S.A. (B),

Eiffage TP (F)

Galere S.A. (B),

Wayss und Freytag (D)
Zakladni ddaje:
Smluvni cena
Doba razeni tunelu

145,5 milionu eur
52 mésict

Délka tunelu 5940 m
Vyruby 672 000 m?
Spotfeba trhavin 600 t
Pri¢ny profil raZzeného tunelu 110 m2

Razeni tunelu zacalo 14. kvétna 2001. Dokonéeno bylo 20. fjna 2004, pii¢emz
definitivni osténi se v dobé psani tohoto prispévku stéle jesté instaluje. Tunel bude
preddn dodavatelim pro kladeni koleji a instalaci trolejového vedeni v poloviné
srpna 2005, pricemz zahdjeni provozu je stanoveno nejpozdéji na konec roku 2007.

Zépadni portél tunelu je umistén u Vaux-sous-Chévremont (samospravnd oblast
Chaudfontaine) v tidoli feky Vesdre, v nadmorské vysce 90 m. Vychodni portdl je
umistén u Ayeneux (samosprdvnd oblast Soumagne), v nadmoiské vysce 210 m.
Tunel méd konstantni sklon 1,7 %, jenZ se méni na 2 % krétce pred vyjezdem
u Ayeneux. U Bay-Bonnet, kterd leZ{ asi 2 km od vychodntho portdlu a kde nadlozi
dosahovalo své minimdln{ vysky 24 m, byla pro usnadnéni vystavby navrzena mezi-
lehld Sachta. Tunel je navrZen pro tratové rychlosti az 200 km/hod, se svétlym pru-
fezem 60 m’(obr. 3).

GEOLOGIE

Tunel je situovdn v karbonském souvrstvi v oblasti antiklindly Herve a synklind-
ly Vesdre, kterd je oddélena poruchovou z6nou Magnée, povazovanou za vychodni
prodlouZeni zény Eifelienne (obr. 4).

Obr. 1 Trat’vysokorychlostni Zelezni¢ni sité, Belgie
Fig. 1 High speed rail Network link up to Belgium

INTRODUCTION

The Belgian Railways are currently developing a tunnel at Soumagne
as part of a high-speed train link between Brussels and Cologne (Fig.1).
The 5,940m twin-track single-tube tunnel, with 177m and 413m cut and
cover sections at the extremities, will enable high speed trains to run
from the Belgian capital to Cologne city centre in 1hr 40 minutes.

Employer: Belgian Raiways (Societé Nationale
de Chemin-de-Fer-Belge)

Supervising Engineer: T U C Rail
Contractor: Consortium comprising
Consortium Lead Copany: CEE

Vinci Construction Grands
Projets

Bouygues Belgiim
Bouygues TP

Duchene S.A.

Eiffage TP

Galere S.A.

Wayss und Freytag

Consortium Project Manager:

Further project data:

Contract Price 145.,5 milions Euro

Tunnelling Duration 52 months
Tunnel length 5.940 m
Excavation 672 000 m3
Explosives 600 t
Excavation cross-section 110 m2

Tunnel boring began on May 14, 2001 and was completed on October 20,
2004, whilst the lining is still being installed at the time of writing. The tunnel
will be handed over to track-laying and catenary contractors in mid-August
with operational service set for the end of 2007 at the latest.

The western tunnel portal is located at Vaux-sous-Chévremont (Chaudfonta-
ine commune) in the Vesdre valley, at an altitude of 90 m. The eastern portal is
located at Ayeneux (Soumagne commune), and is at 210m altitude. The tunnel
has a uniform slope of 1,7 %, which changes to 2% shortly before the Ayene-
ux exit. At Bay-Bonnet, situated at some 2 km from the eastern portal and
where cover was at a minimum of 24 m, an intermediate shaft was designed to
facilitate construction. The tunnel has been designed for rail speeds of up to
200 km/hr with an operational gauge of 60m? (Fig. 3).

GEOLOGY

The tunnel is located in carboniferous ground of the Herve ridge and the
Vesdre basin, which is separated by the Magnée fault, which is thought to be
the eastern extension of the Eifelienne fault (Fig 4).

From west to east, the tunnel runs for about 3,300m through Westphalian
schist, and then the Magnée fault, consisting of about 650m of Viséen limestones

Obr. 2 Projekt, izometrické zobrazeni
Fig. 2 Project isometric
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Obr. 3 Prurez tunelem
Fig. 3 Tunnel cross section

Od zépadu k vychodu tunel postupuje v délce asi 3300 m biidlicemi (westphal),
potom poruchovou zonou Magnée, ndsleduje dsek priblizné 650 m védpenc (visée),
a nakonec v délce néjakych 1900 m prochézi tunel polohou bridlic (namur). West-
phalské bridlice jsou tvoreny jilovci, jeZ jsou obvykle nazgvény ,,uhlonosnymi biid-
licemi i kdyZ nemaji charakteristiky normalné pfipisované krystalické bridlici (foli-
ace nezdvisld na vrstevnatosti). Bridli¢naté horniny zahrnuji také vrstvy piskovce
auhli, které byly kdysi téZeny. Horni a stfedni dseky synklindly Vesdre obsahuji uhli.
Namurské bridlice obsahuji kiemicity materidl, jilovce bohaté na organické latky
a nékolik sloji uhli, které nebyly vytéZeny. Polohy predchozich dulnich praci (jako
hranice dulnich poli a poloha Sachet a §tol) byly prosetfovany podle dokumentu
v dulnich archivech. Tak bylo identifikovano sedm hlavnich uhelnych sloji majicich
potencidlni vliv na préce pri raZeni tunelu; tento vliv by se mohl pohybovat od poru-
Senf rovnovdZného stavu az po dutiny &dsteéné vyplnéné bud materidlem, nebo
vodou. Béhem projekeni faze byla vyrazena smérovd Stola ve sty¢né oblasti viséen-
ského vdpence a namurskych bridlic, kousek od tidoli Bay-Bonnet, aby byly ziska-
ny podrobnéjsi informace o geologickych a hydrologickych charakteristikdch pod-
lozi v tomto dseku. Pfi provddéni prizkumnych viti v celkové délce 80 km byly
v tomto tseku zaznamendny duleZité krasové ttvary.

METODY VYSTAVBY A PLANOVANI

V kontraktu bylo stanoveno, Ze tunel bude vyraZen v karbonskych bridlicich
(westphal a namur), tj. v tseku vice nez 5200 m, pomoci fréz na vylozniku, zatim-
co ve vépenci Viséen, v tseku 650 m, pomocf vrtacich a trhacich praci.

Bylo pldnovdno, Ze razba bude probihat na tfech elbéch: ze zdpadniho portdlu
u Vaux a ze dvou Celeb v Sachté Bay-Bonnet. Vychodni ¢elba u Ayeneux nemohla
byt zpristupnéna kvili tomu, Ze nebyla v&as k dispozici dostatecna plocha pro zafi-
zenf staveni§té a kvili ekologickym namitkdm k docasné vysypce.

Hloubenf $achty u Bay-Bonnet bylo pro belgické Zeleznice a dohlizejici inze-
nyrskou organizaci prilezitosti k tomu, aby zahdjily setkdvani s mistnimi oby-
vateli pro lepsi pochopeni dopadii stavby na okolni prostfedi a moZnost objek-
tivné reagovat na obavy komunity. Sachta méla umoznit odtéZeni vice nez
400 tis. m3 rubaniny a zdsobovani materidlem pro budovani primérniho i sekun-
dérniho osténi pro dva kilometry tuneldl v kazdém sméru. Pfed zahdjenim praci
dodavatel presvédcil objednatele, aby zpfistupnil ¢tvrtou Celbu z Ayeneux, aby
se Sachta nemusela vyuZivat, jakmile budou proraZeny horni ¢4sti profilu tune-
lu. Belgickym Zeleznicim se podarilo uklidnit mistni obyvatele a odpovidajicim
zpusobem se dohodly na ziskdni nezbytné plochy pro razbu ze tvrté Celby.
Béhem druhé poloviny roku 2001 byla Sachta vyhloubena a smlouva byla dopl-
néna o uvazovanou ¢tvrtou Celbu pro razeni tunelu. RaZeni tunelu zacalo ze Cty-
fech Celeb od pocétku roku 2002.

,BLUES" FREZ NA VYLOZNIKU

Od ledna 2002 zacaly pracovat z portdli tunelu dvé frézy EICKHOFF ET
450, kazdd s vykonem pohonu frézovaci hlavy 300 kW. Soucasné byl v Sachté
zahdjen provoz frézy PAURAT E 200, rovnéZ s vykonem pohonu frézovaci
hlavy 300 kW. Tento stroj byl pouZivéan stfidavé na obou strandch podle toho,
jak bylo provadéno primdrni osténi.

Vykon fréz se velmi rychle zhorsil, zejména v elbé ve westphalskych brid-
licich u Vaux z duavodu pritomnosti masivnich piskovcovych lavic silnych asi
jeden metr. Tyto lavice byly prakticky vertikdlni a prochdzely v thlu nékolika
stupfii k podéIné ose tunelu. To znamenalo, Ze po velkou vzdalenost vyzado-
valy podepreni v &elbe, a pred tim, neZ byl fddné zvlddnut realizovany tsek,
objevily se nové lavice. V kontraktu bylo umoznéno raZeni frézami i pomoc{
trhacich pract, pfi¢emz pro kazdy zpusob razby byly jiné pozadavky na vétrani.
Pro vétrdni pi praci s frézami bylo potfebné vhanéni Cerstvého vzduchu do
Celby s odsavanim prachu vznikajictho pri procesu razeni frézou. Pfi provadéni
trhacich praci musely byt z Celby odvadény plyny vzniklé explozi trhavin, aby
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and finally some 1,900m of Namurien schist. The Westphalian schist comprises
mainly sedimentary clays commonly called “carboniferous schist”, although they
do not have the characteristics normally attributed to schist (foliation independent
of stratification). The shales comprise layers of sandstone and coal that were once
mined. The upper and intermediate Viséen sections of the Vesdre basin contain
coal. The Namurien schist contains siliceous material, schist rich in organic matter
and a few veins of coal, which have not been mined. The locations of previous
mining operations (such as concession limits and position of shafts and galleries)
were investigated by consulting mining archives. Seven main coal veins were thus
identified as having a potential influence on tunnelling work, which could range
from de-confinement to cavities partially filled either with material or water.
During the design phase, a pilot gallery was driven at the junction of the Viséen
limestone and the Namurien schist, a little downstream from the Bay-Bonnet val-
ley in order to obtain more detailed information of the geological and hydrological
characteristics of the sub-soil there, where important karsts had been noted during
80kms of drilling in the course of geological investigations.

METHODS AND PLANNING

The contract provided that the tunnel would be excavated with roadheaders
in the Westphalian and Namurien schist, i.e. over 5.200m and by drill and blast
(“D & B”) in the 650m in the Viséen limestone.

Excavation was planned to be carried out at three faces: from the western por-
tal at Vaux and two either side of the Bay-Bonnet shaft. An eastern face at Aye-
neux could not be opened up due to unavailability of sufficient site in time for
work installations and ecological objections to temporary spoil dumping. Sin-
king the shaft at Bay-Bonnet was the opportunity for the Belgian Railways and
the supervising engineer to initiate community relations meetings with residents
to comprehend the construction impact on the environment and objectively res-
pond to fears of the community. More than 400,000 m? of spoil had to transit out
of the shaft while steel ribs, rockbolts, shotcrete, drainage and waterproofing
membranes, concrete and rebar for slab and vault for two kilometres of tunnels
in each direction from the shaft had to transit in. Before starting work, the con-
tractor convinced the owner to open up a fourth face from Ayeneux, in order to
avoid using the shaft as soon as the top headings met. Belgian Railways succe-
eded in assuaging the local residents and accordingly arranged for possession of
the necessary site at the fourth face. During the second half of 2001 the shaft was
sunk and the contract amended to take account of the fourth tunnelling face. Tun-
nel excavation started at four faces from the beginning of 2002.

ROADHEADER BLUES

Two EICKHOFF ET 450 roadheaders, each with 300 kW cutterhead power,
started working at the tunnel portals from January 2002. Simultaneously,
a PAURAT E 200, equally with 300kW cutterhead power, started operations at
the shaft, alternating from one side to the other as and when support operations
were being carried out.

Very quickly, and particularly in the Westphalian face at Vaux, the performan-
ce of the roadheaders was seriously impaired by the presence of substantial sand-
stone benches, about 1m thick. These benches were practically vertical, and ran
at a few degrees from the longitudinal axis of the tunnel. This meant that they
required support at the face over a long distance and new benches were uncove-
red before the current section had been properly dealt with. The contract provi-
ded for excavation by roadheaders and drill and blast, each of which had diffe-
rent ventilation requirements. The ventilation for roadheader work needed fresh
air blown to the face with collection of dust produced during the roadheader
excavation process. For D & B work, gases generated by detonated explosives
had to be collected at the face, to avoid their transit to the back up the tunnel
where other teams were working. Furthermore, space constraints prevented
installation of two vent tubes in the top half-section of 60 m2, where the roadhe-
ader was working. Excavation continued with the sole roadheader, but it was
taking 10-14 hours to excavate a 1.50 m advance of 60 m? instead of 3 hours
planned for. In addition, cutterhead pick tools were subjected to excessive wear
(Fig. 6), some 100 picks had to be replaced for each 1,50m advance, even though
each roadheader had 74 picks, causing the roadheaders to stop during the exca-
vation of an advance. The prospect of significant additional costs and extensive
delay looked like becoming reality.

Calcaires
du
Schistes VISEEN (Puits Schistes
du Bay Bonnet du Ayenou
Vaur-sous- WESTPHALIEM NAMU
Chirvramont

Obr. 4 Geologicky profil
Fig. 4 Geological conditions




Obr. 5 Celba tunelu u Vaux, vpravo je viditelnd piskovcovd vrstva
Fig. 5 Tunnel face at Vaux showing Sandstone on the right

se zabrénilo jejich §ifeni zpét do tunelu, kde pracovaly dalsi posddky. Navic pro-
storovd omezeni zabrdnila instalaci dvou vétracich luten v horni poloviné profi-
lu o plose 60 m?, kde pracovala fréza. Razba pokratovala vyhradné s frézou, ale
vyrazenf zabéru v délce 1,50 m o plose 60 m” trvalo 10 — 14 hodin misto pla-
novanych tif hodin. Kromé toho byly fezné nastroje frézovaci hlavy vystaveny
nadmérnému opotiebeni (obr. 6). Na kazdy 1,50 m dlouhy zébér muselo byt
vyménéno néjakych 100 nastroju, ackoliv kazdd hlava méla 74 téchto ndstroju.
Proto musely byt frézy béhem razby jednoho zabéru zastavovany. Vypadalo to,
7e vyhlidka na zna¢né vicendklady a velké zpozdéni se stdva realitou.

METODA VYSTAVBY ZMENENA NA TRHACI PRACE

V kvétnu 2002 odsouhlasila dohliZejici inZenyrskd organizace na Zddost
dodavatele provedeni zkouSek trhacich praci na vSech Ctyfech Celbéch za tGide-
lem vyhodnoceni vykonnosti a prijeti kone¢ného rozhodnuti do poloviny srpna
2002. Dobrd rychlost postupu byla potvrzena, a proto byl dodavatel instruovan,
aby pokracoval v razbé pomoci trhacich praci, coz byla jedind metoda razeni,
jiz bylo mozno dosdhnout v¢asného dokonceni projektu.

OMEZENI PRO TRHACI PRACE

Ve specifikacich pro razbu ve vdpenci Viséen byla ur¢ena dvé hlavni omezeni.
Za prvé, nebyly povoleny Zddné trhaci préce pred 7:00 a po 20:00. Za druhé, vib-
race musely byt omezeny v souladu s limity stanovenymi v normé DIN 4150.
Tim byl omezen pocet odpall na jeden denné, coZ umoznilo postup 4,50 m za
den, tedy v priméru 22,5 m tydné, s prileZitostnym maximem 30 m. Avsak pro
t¢inné omezeni vibraci bylo nezbytné rozsifit na celou délku tunelu monitorova-
nf zdkladt budov v sousedstvi, jez byly nejblize postupujici Celbé tunelu.

Pouziti trhavin mélo i jiné vlivy na projekt. Zejména zpusobilo zvySeni
nadmérného vylomu, coZ zase zvysilo spotiebu stifkaného betonu, ktery byl
puvodné ocenén v sazbé na jeden linedrni metr tunelu. DohliZejici inZenyrska
organizace souhlasila s novym ohodnocenim sazby za nadmémy vylom
v dusledku zmény povahy prace, ale poZadovala, aby byla podobnym zpuso-
bem nove ohodnocena sazba za razbu, kterd byla stanovena na zdkladé pouZiti
frézy na vylozniku v krystalické bridlici. Dal§im dusledkem zmény zpusobu
razby bylo to, Ze tisek mezi Vaux a Sachtou Bay Bonnet byl vyrazen v jedné fazi.
V plénovaném stavebnim postupu s frézou bylo stanoveno, Ze bude oteviena
horni sekce 60 m?, nékolik desitek metrli za nf bude ndsledovat jadro o plose
30 m? a potom sekce dna tunelu o vyméfe 20 m?, kterou mél byt vyrub uzavien,
ve vzdalenosti nejvyse 200 m od ¢elby. To ov§em znamenalo, Ze v oblasti razby
jddra byla nezbytnd stdld pifjezdova rampa k postupujici Celbé tunelu a pri fazbé
jddra a dna pomocf trhavin byla nezbytnd ochrana zafizeni a materidli béhem
trhacich praci. Proto, kdekoliv to horninové podminky na &elb¢ tunelu dovolily,
byla elba tunelu razena v celém svém prurezu. Tento postup byl pouZit mezi
Sachtou Bay-Bonnet a portdlem Vaux v tdseku 650 m ve vépenci, jak to bylo
plvodné planovéno, a potom na vétsin€ tdseku tunelu v délce 3300 metra ve
westphalskych bridlicich.

RAZENI PORUCHOVOU ZONOU MAGNEE

Styk mezi vdpencem a westphalskymi bfidlicemi byl v geologickych pru-
zkumech identifikovan jako vysoce poruSend zéna. Pro bezpecné razeni tunelu
touto zénou podnikl dodavatel ve shodé s dohliZejici inZenyrskou organizaci
specifickd bezpenostni opatieni. S tim, jak se tunel pribliZil k zéné, bylo od
razby plnym profilem ve vdpenci upu$téno a nahrazeno razenim v horni polo-
viné profilu, a to aZ po predchozim provedeni ochranného destniku z prekryva-
jicich se ocelovych trubek dlouhych 15 m, osazenych ve vzdalenosti 40 cm,
s nizkotlakou injektaZi fidkou cementovou smési. Razba tunelu pod prvnimi
dvéma destniky byla tispésnd a narazila na predpoklddanou bridlici a vodu. Po
dokongenf razen{ pod tetim de$tnikem doslo k situaci (obr. 8), pfi niZ trubky
druhého destniku v misté prekryvu s prvnim destnikem vyboCily o tfi metry do
profilu tunelu. Aby v tunelu byly obnoveny bezpe¢né podminky, uskute¢nilo se
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EXCAVATION METHOD CHANGED TO BLASTING

By May 2002, at the contractor’s request, the supervising engineer accepted
that D & B trials be carried out on the four faces with a view to assessing per-
formance and making a final decision by mid-August 2002. Good progress was
sustained and the contractor consequently was instructed to continue excava-
ting by D & B, which was the only excavation method compatible with time-
ly project completion.

EXPLOSIVES CONSTRAINTS

There were two principal constraints written into the specification for exca-
vation of Viséen limestone. Firstly, no blasting was allowed before 7am and
after 8pm. Secondly, vibrations were to be controlled in accordance with the
limits set by DIN 4150. This limited blasting operations to one per day, per-
mitting a 4.50 m daily advance averaging out at 22,5m weekly, with the occa-
sional peak at 30m. However, effective vibration control required extending
monitoring of those nearby building foundations closest to the advancing tun-
nel face over the overall length of the tunnel.

Use of explosives had other effects on the project and notably generated
more over-break, in turn increasing shotcrete consumption, which had origi-
nally been priced at a rate per linear metre of tunnel. The supervising engineer
agreed that the rate for over-break be re-evaluated on account of the changed
nature of work, but requested that the rate for excavation, priced on the basis
of roadheader in schist, be similarly re-evaluated. A further consequence of the
changed excavation method was that the section between Vaux and the Bay
Bonnet Shaft was excavated in one phase. The planned construction method
using a roadheader provided for the opening of a 60m? upper section, followed
by a 30 m? bench section some tens of metres behind, and a 20m? invert secti-
on which had to close the excavation at not more than 200m from the face. Alt-
hough these staggered interventions were possible when excavating by road-
header, excavation of the benchand invert using explosives would require pro-
tection of the equipment and materials during blasting and the excavation of
the bench required a constant approach ramp to the advancing tunnel face.
Accordingly, wherever the tunnel face and ground conditions permitted the
same, the tunnel face was excavated over the full section of the tunnel face.
This method was used between the Bay-Bonnet Shaft and the Vaux portal, in
the 650 m long limestone section as initially planned, and then on the major
part of the 3.300 meters tunnel in the Westphalian schist.

DRIVING THROUGH THE MAGNEE FAULT

The contact between Viséen limestone and Westphalian schists had been
identified in the geological investigations as a highly disturbed geological fault
zone. The contractor undertook specific precautions to tunnel through this fault
safely in agreement with the supervising engineer. Thus, as the tunnel approa-
ched the fault, the full section excavation in limestone was abandoned for an
excavation in the upper half-section only after having first carried out forepo-
ling to create an umbrella vault of overlapping 15 m long tubes at 40cm cent-
res and injected with low pressure cement grout. Excavation below the first
two rows of forepoling was carried out successfully, and the foreseen schist and
water was encountered. After completing the excavation below the third rows
of forepoling, an incident occurred (Fig. 8), whereby the base of the second
row of forepoling, at the junction with the first row, gave way causing it to
buckle and enter 3m into the tunnel profile. Substantial work in grouting de-
confined ground, renewing the forepoling umbrella vault, and re-aligning the
tunnel in the zone of deformation was carried out to re-establish safe conditi-
on in the tunnel. The feet of the steel ribs in the higher half-section were secu-
red by anchoring at variable lengths in firm surrounding ground. The ancho-
ring operation was extended to the steel ribs in the bench, and steel ribs were

Obr. 6 Nové a opotrebované fezné ndstroje po dvandcti hodindch prdce
Fig. 6 New and worn roadheader picks after 12hours work
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znaéné mnozstvi praci spocivajicich v injektovani uvolnéné horniny, v obnove-
ni destniku a v preprofilovéni tunelu v zoné deformace. Spodni &dsti ocelovych
skruzi v horni poloviné profilu byly zajistény ukotvenim, ve variabilnich dél-
kdch do pevné okolni horniny. Kotveni bylo rozsiteno na ocelové skruze v jadre
a v Casti spodni klenby o tloustte 2,50 m byly umistény ocelové skruZe, aby byl
uzavfen vyrubany profil. Prichod poruchovou zénou Magnée v délce 60 m trval
zhruba 90 dni.
JINE PREKAZKY

Jiné prekazky souvisely s predpokldadanou pritomnosti uhli. Jak se ukdzalo,
vyskyt uhelnych sloji nebo vytéZenych $tol, at'uz byl neoekédvany, nebo ne, byl
zvlddnut dobrou kvalitou praci pfi razeni tunelu, a to bez zédvaznéjSich nesndzi.
Ve specifikacich bylo stanoveno, Ze na konci kazdého tydne musi byt v kazdé
Celbé proveden predvrt na délku postupu predpoklddaného na dalsi tyden. Zaz-
namendvanim parametrii pii vrtdni a analyzou vyvrtaného materidlu byly pfi
predvrtavani ziskavéany tdaje o horning, kterou se bude prochézet, a o veskerych
dutindch, které bude tfeba vyplnit. Predvrtdvani ddle umoznovalo provadét
vyhodnocovdni piftomnosti kapes naplnénych plyny. Specifikacemi byly vyZa-
dovény pevné a mobilni piistroje pro detekci plynu, jeZ by upozorfiovaly na
vyskyt nebezpeénych plynt, jako jsou CO, NOx, SO» a CHa, s prahovymi hod-
notami pro vyhldSeni poplachu, pfi nichZ musi byt evakuovéana Celba a tunel
musi byt vétran tak dlouho, dokud se plyn nerozptyli na prijatelné hladiny.

BEZPECNOST V TUNELU - ZVLADANI NEBEZPECi POZARU

Vedeni projektu od poétku vypracovalo prisnou bezpe¢nostni politiku v sou-
ladu s pozadavky stanovenymi ve smlouvé, pii¢emz byly rovnéZ implemento-
vény poznatky ze zvladédni soucasnych nehod — poZara v tunelech, jako byl
poZér v tunelu A86 blizko PariZe. Ve smlouvé bylo pamatovano na thradu pod-
statné &dsti bezpe¢nostniho zafizeni, jeZ zahrnovalo telefonickou sit’pro tisnové
volédni a pozarni potrubi, kontrolu vstupu do tunelu, aby kdykoli v pfipadé neho-
dy bylo mozno stanovit pocet lidi v tunelu, kamery citlivé na tepelné zareni
a osobnf dychaci pristroje pro poZzdrniky, aby mohli vstoupit do tuneli naplné-
nych koufem. Dodavatel presvédcil vlastnika, aby bylo instalovano dopliikové
bezpecnostni zafizeni, zejména dkryty pro preziti — pracovnici byli instruovani,
aby se v nich v pripadé poZdru ukryli. V tomto tkrytu byl mirny pretlak, aby se
zabrénilo vnikdn{ koure. Byl vybaven rozpraovacim zafizenim pro ochlazové-
ni vnejsi Casti, kdyby to bylo potieba, a zhruba ticeti dychacimi piistroji spolu
s rddiovymi prijimaci pro komunikaci s okolnim svétem pfi Cekdni na prichod
zdchrannych tymd. Kromé toho bylo v tunelu instalovano poplasné zafizeni, jeZ
by upozornilo persondl na pripadné vypuknuti poZaru a také na bezprostredni
provadeéni trhacich praci. Kazdd Celba tunelu byla vybavena nouzovym vozid-
lem. Ve vozidle byly osobni dychaci piistroje, hasici pistroje a poZdrni hadice
s pénou. Veskerd tato zafizeni byla schvalena dohlizejici inZenyrskou organiza-
ci a byla uhrazena Belgickymi Zeleznicemi. Paralelné byl zahdjen mohutny
vycvikovy program pro vycvik persondlu pro nouzovy zdsah pri vypuknuti
poZdru a pro vycvik v pouZiti osobnich dychacich piistroju a ve zpusobu pouZi-
ti nouzového vozidla. Na stavenisti se stal pouze jeden pripad poZdru, jenZ se
tykal rypadla. Pozér byl rychle uhasen stavenistnim pohotovostnim tymem jesté
pred tim, neZ na misto pfijeli v rekordnim Case hasici z méstského ttvaru.
ZAVER

Tunel Soumagne je ndzornym prikladem profesiondlni soucinnosti mezi
dohliZejici inZenyrskou organizaci a dodavatelem, zaméfené na prizpasobeni
pracovnich postupt realité v terénu. Kromé toho, Ze byla poskytnuta price vice
nez 350 lidem po dobu ¢tyt let bez jakychkoli vaznych nehod, dohlizejici inze-
nyrska organizace a dodavatel mohou byt potéSeni z dodrZeni pavodnich termi-
nu a rozpoctu. CHRISTIAN AUBERT, WILLIAM WELBURN,

VINCI CONSTRUCTION GRANDS PROJECTS,
IWAN COUCHARD

Obr. 8 Problémy pri raZeni poruchovou zénou Magnéé
Fig. 8 Incident during drive through Magnée fault

- - R L
Obr. 7 Nabijeni vrti pri raZbé plnym profilem
Fig. 7 Charging explosives in full section excavation

placed in order to close the excavation, at the base of a 2.50 m thickness foun-
dation raft curved. Some 90 days were necessary to pass through the 60 m
Magnée fault.

OTHER DIFFICULTIES

In addition to passing through the Magnée fault, the other difficulties were
those that could be expected in the presence of coal. As it turned out, encoun-
tering coal seams or worked out galleries, whether unforeseen or otherwise
were controlled by good tunnelling practice and without major difficulty. The
specifications stipulated that at the end of each week, on each face, probe dril-
ling be carried out over the length of the foreseeable advance for the following
week. Probe drilling gave an indication of the impending ground to be bored
and any cavities to be filled by recording drilling parameters and analysing
material residue. In addition, probing enabled an assessment of the presence of
gas pockets to be made. The specifications called for fixed and mobile gas
detecting apparatus to warn of the presence of harmful gases such as CO, NOy,
SO, and CH, with alarm thresholds indicating the need to evacuate the face and
to ventilate the tunnel until dissipation of the gas to acceptable levels.

TUNNEL SAFETY — DEALING WITH FIRE RISKS

Statistics show higher accident rates for workmen in underground environ-
ments than those in other sectors of the construction industry. From the outset,
the management drew up a rigorous safety policy in conjunction with the
contract requirements, whilst also implementing lessons learnt in dealing with
contemporary tunnel fire accidents such as the A86 tunnel fire near Paris. The
contract provided for the payment of a significant part of the safety equipment,
comprising an emergency call network and a fire conduit, tunnel access con-
trol in order to determine at any one time the number of people in the tunnel in
the event of an accident, thermal cameras and individual breathing apparatuses
for fire-fighters to enter smoke-filled tunnels. The contractor convinced the
owner that supplementary safety equipment be installed, particularly survival
shelters where workmen were instructed to take shelter in case of fire. This
shelter was slightly pressurised to avoid smoke entry and equipped with spray
apparatus to cool the exterior, if necessary, and was equipped with some thirty
breathing apparatus together with radios to communicate with the outside
world whilst awaiting the arrival of emergency rescue teams. Moreover, an
alarm system was installed in the tunnel to warn personnel working at the back
of the face of an eventual outbreak of fire and also imminent blasting operati-
ons. Each tunnel face had an emergency vehicle equipped with individual bre-
athing apparatus, and extinguishers and fire hoses with foam. All this equip-
ment was approved by the supervising engineer and paid for by the Belgian
Railways. In parallel, a robust training scheme was initiated to train personnel
in emergency intervention in fire outbreaks, use of individual breathing appa-
ratus and how to use the emergency vehicle. Only one fire incident occurred
on site, concerning an excavator. The fire was quickly brought under control
and extinguished by the site emergency team before municipal fire-fighters
arrived at site in record time.

CONCLUSION

The Soumagne Tunnel is an illustration of professional interaction between
the supervising engineer and the contractor, focussing on adapting working
methods to reality in the field. In addition, having provided work for more than
350 people over four years, without any serious accidents, the supervising
engineer and the contractor can enjoy their achievement in meeting the dead-
lines and budget initially announced.

CHRISTIAN AUBERT, WILLIAM WELBURN,
VINCI CONSTRUCTION GRANDS PROJECTS,
IWAN COUCHARD
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POKLADKA VY2TUZE SEKUNDARNIHO OSTENI TUNELU
MRAZOVKA A PANENSKA

PLACEMENT OF REINFORCEMENT OF SECONDARY
LINING - MRAZOVKA AND PANENSKA TUNNELS

PETR JELINEK, ZDENEK KLEIN

uvob

Pro sekunddrni obezdivku tunelu Mrdzovka a tunelu Panenskd bylo
navrzeno pouziti samonosné vyztuze. Spolec¢nost SMP CZ, a. s., jako
dodavatel vyztuZe sekunddrni obezdivky feSila nasledujici ukoly:

@ dodrZeni pozadovaného tempa pro jednotlivé betondzni postupy

a tim i celkového harmonogramu vystavby;

@ dosazeni vysoké produktivity préce;

@ omezeni praci, pii nichZ se montuje vyztuZ nad hlavami pracovnika;

@ zvyseni bezpecnosti prace.

Pracovnici firmy proto navrhli, vyrobili a Gspé$né pouzili novy ukla-
daci vaz — montazni plo§inu. V prabéhu pouzivéani ukladactho vozu
v tunelu Mrdzovka byly upraveny nékteré ¢asti pro ziskani vétsi tuhos-
ti konstrukce. ZkuSenosti z tunelu Mrézovka byly uplatnény pri kon-
strukci a vyrobé montdZni plosiny pro tunel Panenskd.

MO RAST - TUNEL MRAZOVKA

Automobilovy tunel Mrazovka je soucdsti vystavby mestského okru-
hu Prahy na Smichové v dseku Radlickd — Strahovsky tunel.

Od severniho portdlu jsou vedeny dvé soubézné tiipruhové tunelo-
vé trouby — vychodni (VTT) a zdpadni (ZTT). Oba tiipruhové tunely
se v tunelovych rozpletech vétvi na dvoupruhové tunely a jednopru-
hové vétve. Na tyto raZené tunely navazuji u obou portdlu hloubené
tunely.

Razené tunely ZTT VTT
Celkova délka 1219 m 964 m
Z toho: tiipruhovy tunel 653 m 630 m

Predmétem doddavky SMP CZ, a. s., byly tyto objekty:

® SO 8131 ZTT Dodévka a montdZ samonosné vyztuze definitivni-

ho osténi klenby tunelu.

® SO 8171 VIT Dodavka a montdZ samonosné vyztuZe definitivni-

ho osténi klenby tunelu.

Jednotlivé betondzni postupy mély délku 7,50 m a byly vzdjemné
oddéleny dilatacni sparou. Zakladnim nosnym prvkem byl ramenat ve
tvaru otevieného lichobéZniku. V jeho rozich jsou pruty ve sméru klenby
a vypli ramendtu tvori timinky privarené k hlavni vyztuZi tak, Ze vysled-
kem je prostorovéd pithradovina. Osové vzddlenost rdama byla 1,0 aZ
1,1 m. Po obvodu byly ramendty tvoreny sedmi dily. Délka jednoho dilu
byla omezena jednak rozméry a jednak hmotnosti s ohledem na ruéni
manipulaci. Jednotlivé dily byly spojovany Sroubovymi lanovymi spoj-
kami, na kazdy styk byly pouzity dvé spojky. Kromé ramendta byla
vyztuZ tvorena jednotlivymi pruty kladenymi ve sméru zaklenuti a déle
svafovanymi sitémi. VSechna betondrskd vyztuz je vdzand. Kryti vyztu-
Ze bylo zajisténo u povrchu smérem k izolaci vloZenim trubek PVC a na
vzdu$ném lici pouZitim betonovych distancnich kolecek.

UKLADACI VUZ

Uklddaci viz je tvoren pojezdovou a zvedaci Césti. Pojezdova ést
umoziuje piejezdy do jednotlivych pracovnich postupt a rovnéZ presné
ustaveni vyztuZe ve sméru podéIné osy tunelové roury. Je tvofena ocelo-
vym prostorovym rdmem portdlového tvaru, ktery umoZziiuje prajezd
vozidel. Tato skutecnost zajiStije moznost dovozu materidlu pro prové-
déni izolac tunelu a dovoz vyztuZze tunelu pred ukladaci vaz. Rdm je ulo-
Zen na podvozku s mechanickym pohonem. Konstrukce je ddle dopInéna
leSenim a ploSinami pro pohyb pracovniku pfi ukladéni vyztuZe. Ram je
osazen hydraulickymi zveddky a na nich je namontovédna zvedaci Cast

INTRODUCTION

A self-supporting reinforcement system was designed for the secon-
dary lining of the Mrdzovka and Panenskd tunnels. SMP CZ, a. s., the
sub-contractor for the placement of reinforcement of the secondary
lining, solved the following tasks:

@ meeting the casting advance rate required for individual blocks,

thus also the overall construction schedule;

@ achieving high productivity of work;

@ decreasing the portion of the work carried out above heads of

workers;

@ cnhancing safety at work.

Employees of the company therefore designed, assembled and
successfully utilised a new purpose-made travelling platform. Some
parts of the platform were modified during the work on the Mrazovka
tunnel, making the structure more rigid. Experience gained from the
Mrézovka tunnel was made use of in the design and production of the
platform for the Panenskd tunnel.

THE MRAZOVKA ROAD TUNNEL

The Mrazovka road tunnel is part of the Prague City Circle Road
project, in its section between Radlickd Street and the Strahov road
tunnel (the Smichov district).

The two parallel tubes of the tunnel, the ETT and WTT, are driven
from the North Portal. The tubes, accommodating three traffic lanes, split
in bifurcation chambers into double-lane tunnels and single-lane bran-
ches. These tunnels continue from the portals by cut-ant-cover tunnels.

Mined tunnels WTT ETT
Total length 1219m 964m
Three-lane tunnel out of the above figures)  653m 630m

The subject matter of the SMP CZ’s sub-contract:
® SO 8131 WTT — processing and placement of self-supporting
reinforcement for the tunnel vault
® SO 8171 ETT - processing and placement of self-supporting rein-
forcement for the tunnel vault
Individual casting blocks were 7.50m long. The block were separated
by expansion joints. The basic load-bearing element was a spatial lattice
girder with trapezoidal cross section (BRETEX). Reinforcement bars fol-
lowing the shape of the vault are in the corners of the trapeze, confined
in hoops welded to the main reinforcement bars. The girders were erec-
ted at 1.0 to 1.2m spacing. The arches consisted of seven sections. The
length of one section was limited both by dimensions and the weight
(manual handling). Individual sections were joined using cable-type thre-
aded coupling sleeves (two sleeves in one joint). In addition to the arches,
the reinforcement consisted of individual bars following the shape of the
vault, and welded mesh. All reinforcement bars were tied-up. The rein-
forcement cover was secured using PVC pipes inserted on the surface
touching the waterproofing layers, and concrete spacer discs.

THE TRAVELLING PLATFORM

The travelling platform for placement of reinforcement consists of a
“traveller” and a lifting part. The traveller allows repositioning, i.e. the
movement of the platform to the next casting block location, and precise
setting of the reinforcement in the direction of the longitudinal axis of the
tunnel tube. The traveller is a spatial gantry structure allowing the passa-
ge of vehicles. Thus the supply of materials for the tunnel waterproofing
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Vyztuz vrcholu klenby
Reinforcement of the vault cro;
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Obr. 1 Pri¢ny fez montdzni ploSiny v dolni poloze
Fig. 1 Cross-section — assembly platform’s lower position

uklddaciho vozu. Tato je tvofena tloZznym roStem, ktery je tvarové pri-
zpusoben lici spodni plochy vyztuze sekundérniho osténi. Hydraulické
zvedaky maji dve polohy. Doln{ poloha zvedaci ¢ésti vozu se pouZiva pro
prejezd do polohy nového pracovniho postupu a pro ukladku vyztuze na
vuz (obr. 1).

MONTAZ VYSTROJE

Pred ndjezdem vozu se smontuji bo¢ni ¢asti vyztuze klenby za pou-
7iti lehkého presuvného leSeni. Pak najede viz a vyztuz horni ¢dsti
klenby se provadi s jeho pomoci. Sité, armokose i jednotlivé pruty se
pokladaji na rost vozu shora. Pfitom se vyuZivd svislé a vodorovné
dopravy vyztuZe pomoci hydraulické ruky, kterd je namontovdna na
spodnim pojezdovém ramu uklddaciho vozu. Po ukonceni kompletace
vyztuZe se pomoci hydraulickych zvedaka celd vyztuZ horni ¢4sti klen-
by zvedne do projektem predepsané polohy a Sroubovymi spojkami se
propoji s vyztuzi boku klenby. Timto je vyztuZ celého betondZniho
postupu uzaviena a je samonosnd. Nésledné se spusti zvedaci ¢dst vozu
do doln{ polohy a je mozno prejet do dalsiho pracovniho postupu. Po
zabednéni Cela predchézejiciho betondZniho kroku se jesté doplni
vyztuz, kterd by pred tim brdnila uloZen{ bednéni.

Reseni uklddaciho vozu je chranéno jako uZitny vzor u Ufadu primyslo-
vého vlastnictvi. Soucasné bylo feseni prihlaseno do soutéze INNOVATION
AWARD 2003, kterou poradd kazdorocné spole¢nost VINCI.

Zahdjen{ praci: Cerven 2002
Dokoncenf praci: srpen 2003

STAVBA D8, USEK 0807/1I, CAST G: TUNEL PANENSKA

Vyznamnou soucasti vystavby dalnice D8 je tunel Panenska. Tune-
lové roury, zdpadni (levd) a vychodni (pravd), jsou Clenény na Cdst
hloubenou a razenou. Tvar definitivniho osténi je rozdélen na dveé Casti
— &ést bez spodni klenby a &st s klenbou. Zelezobetonovd konstrukce
patek (spodni klenby) a horni klenby je navrZena z betonu C25/30-XF4.

Predmétem doddvky SMP CZ, a. s., je doddvka a montdZ samonosné
vyztuZe definitivniho ostén{ pro vychodni tunelovou troubu (VTT).

Obr. 2 Montdz vyztuZe z uklddaciho vozu
Fig. 2 Installation of reinforcement from the transportation vehicle

Toel

operations and reinforcement bars and their deposition ahead of the plat-
form is possible. The gantry is mounted on an undercarriage with
a mechanical drive. The structure is further complemented by a scaffold
and walkways for movement of workers during the placement of the rein-
forcement. Hydraulic jacks are mounted on the gantry, carrying the lifting
part of the travelling platform. The lifting part consists of a reinforcement
supporting grill, whose geometry follows the bottom of the reinforcement
of the secondary lining. The hydraulic jacks have two positions. The
lower position of the lifting part is used when the platform is moved to
anew casting block, and when reinforcement bars are being placed on the
travelling platform (see Fig. 1).

REINFORCEMENT FABRICATION

The side-wall parts of the vault’s reinforcement are fabricated
using a light-weight movable scaffold, before the arrival of the tra-
velling platform. Then the platform is set in the position, and the
upper part of the reinforcement is installed. The mats of mesh,
reinforcement cages and individual bars are placed on the top of the
supporting grill. Vertical and horizontal handling of the reinforce-
ment elements is carried out using a hydraulic arm, which is moun-
ted on the bottom part of the travelling gantry. When the reinforce-
ment is complete, the whole upper part of the vault’s reinforcement
is lifted by hydraulic jacks to the designed position; the reinforce-
ment bars of the upper part and the side-walls of the vault are spliced
using threaded coupling sleeves. The result of the above procedure is
a self-supporting reinforcement cage. The lifting part of the travel-
ling platform is lowered then, and the platform is able to move to the
next block position. Missing reinforcement bars that would have pre-
vented erection of the formwork are added after installation of stop-
end formwork.

The design of the above described travelling platform is registered
at the Industrial Property Office as an industrial design. It will also
compete for the INNOWATION AWARD 2003 in a competition orga-
nised annually by the VINCI company.

Work commencement:

Work completion:

June 2002
August 2003

THE PANENSKA TUNNEL
(D8 HIGHWAY PROJECT, SECTION 0807/Il, PART G)

The Panenska tunnel is an important part of the D8 highway project.
The tunnel tubes, western (left) and eastern (right), consist of cut-and-
cover and mined sections. In terms of the final lining structure, the
mined tunnel tubes are divided into sections without invert and with
invert. Concrete C25/30-XF4 is designed for the reinforced concrete
footings (or invert) and the vault structures.

The subject-matter of the sub-contract concluded with SMP CZ, a. s.
is the supply and assembly of self-supporting reinforcement of the
secondary lining in the eastern tunnel tube (ETT).

ETT basic data:

Tunnel tube length . ........ ... ... ... .. ... .. ..... 2030m
Mined section length . ...... ... ... .. ... ... .. .. ... 1976m
Casting blocks (12m long) . ......... ... .. ... .. 196 pieces
Commencement of footings reinforcement placement . . .5/6/2004

Commencement of the vault reinforcement placement . . .5/8/2004

Steel grade 10 505 (R) was designed for the self-supporting reinfor-
cement of the vault.

Cable ducts for future electrical wiring are installed in the reinfor-
cement cage. The FF-KABUFLEX R system is used for the ducting,
i.e. PE-HD protective pipes DN 110.

The reinforcement placement and casting of the footings is comple-
ted prior to the placement of reinforcement and casting of the vault.

1. Operations flow design

An assembly-line production system is designed for the work on the
reinforcement of the final lining of the Panenska tunnel’s mined sections,
i.e. with division into a sequence of 12m-long dilatation blocks. The rein-
forcement of the vault is a self-supporting unit consisting of BRETEX
lattice girders and KARI mesh at the inner and outer surfaces.

The self-supporting lattice girder is composed of five sections, which
are connected during the assembly operation with threaded coupling sle-
eves. The girders are erected at intervals of one meter. The dimensions of
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Obr. 3 Schéma montdzni plosiny

Fig. 3 Traveling platform design
Zakladni idaje VTT:
Délka tunelového tubusu . .......... .. ... ... ... 2030 m
Délkarazené Casti ... ...t 1976 m
Bloky betondZze 412 m . ... 169 kust
Termin zahdjenf armovani patek . .................. 5.6.2004
Termin zahdjenf armovani klenby ................. 5. 8.2004

Vyztuz zelezobetonové klenby je navrzena z oceli 10 505 (R) jako
samonosnd.

Chrani¢ky pro budouci vedeni kabeld technologie jsou osazeny do
vyztuZze. Chrénicky jsou z materidlu FF-KABUFLEX R — ochrannd
trubka pro kabely z PE-HD profilu DN 110.

Armovani a betonaz patek predchdzi armovdn{ a betonazi klenby.

1. Navrh proudu

Montdz vyztuze definitivniho osténi raZenych ¢asti tunelu Panenskd
je navrZena systémem pasové vyroby po jednotlivych dilatacnich cel-
cich (sekcich) o obvyklé délce 12 m. Vyztuz klenby je navrZena jako
samonosna a skldda se z prihradovych nosniku ,,prstenci®, tzv. bretexu
a Kari siti pfi vnéj$im i vnitinim povrchu.

Cely samonosny pithradovy prstenec ve tvaru klenby tunelu se sklé-
dd z péti dilu, které jsou v prubéhu montdZe spojovany lanovymi svor-
kami. Osova vzddlenost téchto prstencu je jeden metr. Kari sité majf
oka 8/100x8/100 a jsou atypické o rozmérech dle potreb klade¢ského
vykresu realiza¢ni dokumentace stavby.

Celd operace probihd mezi montdZ{ izolace klenby a betondz{ defini-
tivniho osténi.

2. Doprava materialu

Doprava vyztuze probihd presné podle logistického ndvrhu primo
z vyrobny aZ na pracoviste. Pfedpokladem je, Ze v jedné doddvce je
vzdy veSkerd vyztuZ jednoho zdbéru tak, aby v prabéhu realizace nedo-
chézelo ve stisnénych podminkdch a soubéhu nékolika operaci ke zby-
te¢nym pohybum dopravnich prostfedkd a tim i k ¢asovym ztrdtdm.
Vyztuz se ulozi na skladovou &dst armovaciho vozu a nésledné do defi-
nitivn{ armatury klenby.

3. Montazni plosina — armovaci viiz

Vrdmci doddvky samonosné vyztuZe byla navrZena pojizdnd mon-
tdzni ploSina pro uklddani. Ta umoZnuje montdZ armatury klenby po
jiz zminénych dilatanich dilech v&etné presného ustaveni vyztuze ve
sméru podéIné osy tunelové roury. Nasazeni montdzni ploSiny predpo-
klddalo vybudovani priibéznych ZB pasti tvoficich patu budouci klen-
by definitivniho osténi a souasné umoznujici poloZeni koleji pro
pojezd nejen armovaciho vozu, ale i vSech ostatnich vozu zajiStujicich
cely proudovy proces vystavby. MontdZni ploSina délky 10 m je sesta-
vena ze ti{ pii¢nych rdmu o osové vzdalenosti 4 m a s previslymi konci
dl. 1 m, s prostupem pro lutnu odvétravani tunelu tak, aby byl umoz-
nén neustdly prujezd dopravnich prostfedka pod ploSinou. Tato sku-
te¢nost zajiStuje moznost razby tunelu, dovozu materidlu pro provadé-
ni izolaci tunelu a dovoz vyztuZe tunelu pred montdZzni plo§inu. Mon-
tdzni plosina je opatfena pracovni podlahou a ldvkami ve vyskovych
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Obr. 4 Montdz ploSiny na stavenisti
Fig. 4 Installation of the platform at construction site

the KARI mesh mats (8/100x8/100) are non-standard, according to the
reinforcement placing drawing contained in the detailed design.

The whole operation is incorporated in the operations flow, between
the installation of the waterproofing and the casting of the vault of the
final lining.

2. Transport of material

Reinforcement steel processed in an external facility is transported to
the construction site and the particular working place strictly according to
alogistic design. The condition is that one supply always contains all rein-
forcement items needed for one block, so that unnecessary movement of
vehicles in the confined space and in the course of several simultaneous
operations, which is usually associated with time losses, is avoided. The
reinforcement items are deposited on the storage part of the platform, and
subsequently they are placed to the final unit of the vault reinforcement.

3. Travelling platform

A purpose-made travelling platform for the fabrication of the self-sup-
porting reinforcement cage was designed in the framework of the sub-con-
tract. The platform makes the fabrication of reinforcement in casting
blocks possible, including precise setting of the cage in the direction along
the tunnel tube axis. It was necessary for the deployment of the travelling
platform, and all other platforms used during the subsequent flow of ope-
rations, to construct continuous RC strips allowing the movement of the
platforms on rails. Those strips were found on the top of the footings of
the future vault. The 10m long platform consists of three gantries standing
4m apart, and 1m-long cantilevering ends and a passage for tunnel venti-
lation ducting. The geometry of the gantries makes continuous traffic
along the tunnel possible. Owing to this design, the tunnel excavation,
supply of waterproofing materials and delivery of reinforcement ahead of
the platform can proceed. The travelling platform is provided with a wor-
king platform and walkways at levels allowing the placement of the rein-
forcement components and, in the same time, ensuring compliance with
safety standards. The structure is further complemented by a scaffold and
walkways for movement of workers during the placement of the reinfor-
cement. Part of the platform is also a firm template to check the curvature
of the lining, and a bracing structure used for rectification of BRETEX lat-
tice arches. Simple braces can also be fixed to the structure to support the
reinforcement until the vault effect of the BRETEX arches is activated.
A 6m-long lifting part of the platform, copying the contour of the upper
part of the vault, is installed between a pair of the gantries. It is lifted by
hydraulic jacks mounted on the gantries. The lifting part consists of a bea-
ring grill, whose shape follows the bottom of the reinforcement of the
secondary lining. The lifting part is set to the lower position when the plat-
form is being moved, and when reinforcement bars are being placed in the
upper part of the vault. The lifting mechanism secures precise setting of
the upper part of the vault to the designed position. Electric propulsion
gear with worm gear drives allow fine adjustment, make fluent and preci-
se movement of the whole travelling platform set possible. All staff res-
ponsible for operation of the platform are trained in the specifications and
manual for operation and maintenance of this equipment.
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trovnich tak, aby umoZiiovala montdz vyztuZe klenby a soucasné
splnovala predpisy BOZP. Konstrukce je dédle doplnéna leSenim a plo-
Sinami pro pohyb pracovniki pfi ukldddni vyztuZe. Souddsti plosiny je
také pevnd Sablona pro kontrolu zakfiveni osténi a vzpiraci konstruk-
ce pro rektifikaci distan¢nich obloukovych prvku. Do plosiny Ize také
opfit jednoduché vzpéry pro podepteni vyztuze do doby, neZ zacne
pusobit klenbovy t¢inek rektifika¢nich rama.

Zdvihaci hydraulickd ploSina ve tvaru horni ¢dsti klenby a délky
6 m je umisténa mezi dvojici pri¢nych rdmd. Rdm je osazen hydrau-
lickymi zvedédky a na nich je namontovadna zvedaci ¢dst montdZni plo-
Siny. Tato je tvofena dloZnym roStem, ktery je tvarové prizpusoben
lici spodni plochy vyztuZe sekundédrniho osténi. Hydraulickd ploSina
je v dolni poloze pfi prejizdéni armovaciho voziku a pfi montazi
vrchlikové ¢asti armatury klenby. Zdvihaci mechanismus pak zajistu-
je presné ustaveni horni ¢4sti klenby do poZzadované polohy. Elektric-
ké pojezdy se $nekovymi prevody umoznuji jemné ovladéni, a tedy
plynuly a pfesny posun celého armovaciho vozu. VSichni pracovnici
na montdzni plosiné povéfeni jeho obsluhou jsou zaskoleni ve smys-
lu technickych podminek a ndvodu pro obsluhu a ddrzbu zafizeni.

4. Montaz vyztuze

Montdz vyztuZe klenby se sestdva z nekolika operaci. Nejprve jsou
uloZeny vnéjsi spodni Kari sité a patni bretexy. Horn{, vrchlikova ¢ést
klenby, sestdvajici z Kari siti pfi obou povrsich a vrchlikovych brete-
xu a prostiednich, spojovacich bretexu, je smontovdna na hydraulic-
ké zvihaci plosiné armovaciho vozu ve spusténé poloze. Ta se nésled-
né zvedne do definitivni polohy + nadvySeni a poté se spoji dolni
patni“ a stfedni ,,spojovaci bretexy. Tim je vytvoren cely samonos-
ny prstenec a zbyvd jen u vnitiniho povrchu dolozit vynechané Kari
sité. Vzhledem k délce zvedaci plo§iny 6 metru je nutno na béZnou
12metrovou sekci provést tuto zdvihaci operaci 2x. Po propojeni jiz
zminénych bretext lanovymi svorkami je jesté nutno aktivovat speci-
alni bo¢ni rozpéry vuci osténi klenby, aby po spusténi zdvihaci plosi-
ny nedoslo k poklesu armatury v horni ¢4sti. Nakonec montdZe se
osadi doln{ vnitin{ Kari sit¢. V misté dilatacni spary s pfedchozim
dilata¢nim dilem je vynechdna vyztuz, aby bylo mozno zabednit a po
betondZi odbednit ¢elo formy. Vyztuz je doplnovéna vzdy po zabeto-
novani a nasledném odbednéni predchoziho dilatatniho dilu. Na vnéj-
§i stranu vyztuZe smérem k hydroizolaci jsou osazeny distanéni prvky
z PVC trubek o pruméru 63 mm. Na vnitini strané ,,do tunelu®, jsou
pouzity vldknobetonové kruhové distance o pruméru 110 mm.

Veskeré armovaci prace jsou vykondvdny s maximdlni opatrnosti,
aby nedoslo k naruseni a poSkozeni izolaci.

Chrénicky pro budouci vedeni kabell technologie jsou osazeny do
vyztuZe. V misté zakonleni chrdni¢ky je vyztuz prerusena a pomoci
dodate¢né dpravy bednéni je chrdni¢ka osazena do vyklenku defini-
tivniho osténi. Osazeni bednéni vyklenku osténi provddi objednatel
(Metrostav a. s., Praha).

Obr. 6 Montdz vyztuzZe definitivniho osténi
Fig. 6 Final lining reinforcement installation

Obr. 5 Montdzni ploSina pred zasunutim do tunelu
Fig. 5 Assembly platform prior to entering the tunnel

4. Reinforcement placement

Reinforcement is placed in several steps. First the outer layer of
KARI mesh is placed in the side-wall part of the vault, together with
the bottom sections of the BRETEX arches. The upper part of the
vault, comprising KARI mesh at both surfaces and the upper and inter-
mediate (“connecting”) sections of the BRETEX arches, is fabricated
on the hydraulically lifted platform set in the lowered position. Subse-
quently the platform is lifted to the final position (plus a camber
value), and the lower and “connecting” BRETEX arches are conne-
cted. Now, when the self-supporting arch is in function, the only rema-
ining operation is the addition of missing KARI mesh to the internal
surface. Because the lifting part of the platform is 6m long, the above
operation must be repeated in a 12m-long casting block twice. Once
the sections of the BRETEX lattice arches have been connected by the
coupling sleeves, special side braces must be activated against the
external (primary) lining of the vault so that the reinforcement sinking
after the lowering of the lifting part of the platform is prevented. Even-
tually the internal KARI mesh layer is placed in the side-wall section
of the vault. The reinforcement is left out at the joint between the block
where the reinforcement is being fabricated and the preceding block,
so that the stop end formwork can be installed and stripped after the
casting. PVC pipes 63mm in diameter are used as spacers at the outer
surface (on contact with the waterproofing layers). Fibre reinforced
concrete spacer discs 110mm in diameter are used at the inner surface
(see Fig. 6).

All reinforcement placement operations are carried out with maxi-
mum care to prevent any damage to the tunnel waterproofing.

Ducts for future cable installations are fixed inside the reinforce-
ment cage. Reinforcement bars are cut away at the outlet of the duct,
and the duct outlet is fixed in a recess in the final lining surface crea-
ted in the formwork. The recess in the formwork is carried out by the
SMP CZ’s client (Metrostav a. s.).

5. Protection of waterproofing layers

It is impossible to implement an independent system of protection of
waterproofing layers, therefore special attention must be paid to the
reinforcement bars handling. Loose ends of the bars are covered
during the handling with plastic protectors. In addition, the surface of
spacers on contact with the waterproofing layers is rounded. Apart
from mechanical protection measures, due care is also taken of records
proving presence of personnel in training sessions, and of surveillan-
ce during the work.

6. Work execution

All items of the operations flow are covered by a technological pro-
cedure developed as one of the documents of the Quality Management
System maintained in SMP CZ. The basic stipulations referred to in
the technological procedure are contained in the company’s technical
specifications, primarily in:

® TS-SMP 11 Bridge Abutment Casting;

@ TS-SMP 12 Bridge Structure Casting.
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5. Ochrana izolace In addition, also all stipulations and requirements contained in the

Nezavislou ochranu izolace nelze provést, proto je nutné vénovat design and contract documents are corpplied With' The technical
zv14Stn{ pozornost manipulaci s vyztuzi. Volné konce prutil jsou chré- department of SMP elaborated technological equipment manufacture
nény bdhem montéZe plastovymi chrani¢i. Rovné distanni podloZ- technical specifications (dealing with the travelling platform for pla-
ky smérem k izolaci maji dostate¢nou zaoblenou dosedaci plochu. cement of reinforcement above all).

Kromé mechanickych ochran je také dbéno na prukazné proskoleni

a kontrolu pracovniku pfi provddéni praci. 7. Other equipment

A Universal manipulator Caterpillar TH330B

6. Realizace Owing to the system of independent steering and drive of all whe-
Pro veskeré prace proudu je na zakladé dokumentt systému fizen{ els, telescopic manipulators Cat move excellently in terrain, and are

jakosti SMP CZ, a. s., vypracovén technologicky postup, jehoz zdkla- easy to operate. The great lifting height and long reach makes this equ-

dem jsou ustanoveni uvedend v technickych a provddécich pravidlech ipment suitable for assembly operations.

SMP, a to predevsim: A TH330B manipulator is used for horizontal transportation of rein-
® TPP-SMP 11 BetondZ mostnich podpér; . forcement items from an intermediate stockyard established in front of
® TPP-SMP 12 BetondZ nosnych konstrukei mostu. the portal to the assembly location. In this location it is also used for
Dile jsou respektovdna vSechna ustanoveni a pozadavky projektu lifting reinforcement to the travelling platform.

a smluvnich dokumentu. Pro technologickd zafizeni (pfedev§im mon-
taznf ploSinu) je vypracovdna odbornou slozkou SMP vyrobné tech-

- Technical parameters:
nickd dokumentace.

Engineoutput ........... ... . . ... ..., 73 kW (9%hp)

L . o . Maximum load-bearing capacity . .............. ... ..... 3.5t

7. Pouziti stroju a zarizeni Maximum lifting height . .......... ... ... ... .. ..... 7.2m
Univerzalni manipulator Caterpillar typ TH330B Maximum bearing capacity at maximum reach ....... 1.5t/3.8m
Teleskopické manipuldtory Cat jsou diky fizenf a pohonu vSech kol Service Weight ... ....... .. 7.2t
vyborné pohyblivé v terénu a vysoce obratné. S velkou vyskou zdvi- Maximum Speed . . ...t 40km/h

hu a velkym dosahem jsou tyto stroje vhodné pro montdZn{ price.
Manipuldtor TH330B je uZivdn pro vodorovnou dopravu armatury
z mezisklddky pred portdlem na misto montaze a zde také dle potie- 8. Sequence of actions in the course

by pro svislou dopravu, tj. vyzdvihnuti na montdZn{ ploSinu. of the reinforcement placement in one block

Technické parametry: The client (i.e. the main contractor) hands the particular dilatation
VYKon motort .. .............iiiiaii... 73 kW (99 k) block over to the contractor for execution of the reinforcement placing
MaximaIni NOSNOSt . . . . .o vttt e 35t operation when waterproofing layers and relevant technological equ-
Maximaln{ vyska zdvihu . ... ... .. . L 72 m ipment have been completed and the design tolerances have been
Maximdln{ nosnost pfi maximdlnim dosahu ........ 1,5t/38m maintained. The hand-over is recorded in sub-contractor’s constructi-
Provozni hmotnost .. ......... ... ... ... ... . ... ... 72t on diary.

Maximalni rychlost . .............. ... .. ........ 40 km/h The contractor (i.e. the sub-contractor) carries out the reinforcement

of the vault of the secondary lining according to the approved detailed
design, including required check testing and issuance of a quality cer-

8. Postup jednotlivych operaci pfi vystavbé tificate.

Objednatel predd zhotoviteli dilatacni dil, vystrojeny izolaci The client takes the completed reinforcement over for execution of
a potfebnym technologickym zafizenim, provedeny v tolerancich dle the formwork and casting of the block; claims regarding quality, if any,
RDS, k montdzi armatury. Pfeddn{ je provedeno protokoldrné zdpisem must be made immediately, before the casting. The take-over is recor-
do deniku zhotovitele. ded by the client in the construction diary.

Zhotovitel provede vyztuz horni ¢asti sekunddrni klenby dle schvé- The subsequent casting is carried out by the client.
lené RDS vetné pozadovanych kontrolnich zkouSek a osvéd&eni
o kvalité. CONCLUSION

Objednatel prevezme zhotovenou armaturu k bednéni a betondzi,
pripadné pozadavky na kvalitu uplatni okamzité pred betondZi. Pre-
vzeti potvrdi zapisem do SD.

Nasledujici betondz probihd jiz plné v reZii objednatele.

Some parts of the travelling platform used for the placement of rein-
forcement were modified in the course of the work on the secondary
lining of the Mrdzovka tunnel, with the aim of increasing its structural
rigidity and facilitating the platform repositioning operation. As the
ZAVER whole, this system of placement of reinforcement proved to be good,
and the travelling platform performance met criteria for this type of
equipment.

The principle of the travelling platform designed and produced for
placement of reinforcement of the final liner of the Panenskd tunnel
was identical with that used in the Mrazovka tunnel. It was, however,
necessary to allow for the fact that the reinforcement placement ope-
rations are carried out concurrently with the tunnel excavation (requi-
rements for passage of tunnelling equipment, ventilation ducts, etc.).
The structure of the travelling platform was modified to meet those

V prabéhu pouzivani uklddaciho vozu pfi realizaci vyztuZze sekun-
ddrniho osténi tunelu Mrazovka byly upraveny nekteré jeho ¢dsti pro
ziskani vétsi tuhosti konstrukce a snazstho presouvani do dalSich
postupt. Celkové se viak tento systém ukldddni vyztuze osvédcil
a splnil poZadavky, které byly na uklddaci viz kladeny.

Pro realizaci vyztuze definitivniho osténi tunelu Panenskd byla
zkonstruovdna a vyrobena montdzni ploSina na principu uklddaciho
vozu z tunelu Mrdzovka. Bylo v8ak nutno zohlednit skute¢nost, Ze pfi
uklddéni vyztuze probihd soucasné také razba tunelu (prujezd mecha-

nismd, priichod vétracich luten apod.). Témto pozadavkim byla kon- | equirements. ) ) )
strukce montdZnf ploginy prizpiisobena. The reinforcement placement operations on the Panenska tunnel site
Poklddka vyztuze definitivntho osténi tunelu Panenskd probiha | meet the schedule approved for the final lining construction.
v souladu s harmonogramem provadéni definitivniho osténi tunelu. We can state that the travelling platform used for the placement of
Je mo7no konstatovat, 7e montazni plogina pouzitd pro pokladku reinforcement has performed successfully. It helped to complete the
vyztuze se pIné osvéd&ila a pomohla realizovat popisované &ésti obou above described parts of the two tunnels to full satisfaction of the par-
tunelii k pIné spokojenosti ti¢astniki vystavby. ties to the project. 5
ING. ZDENEK KLEIN, klein@smp.cz ING. ZDENEK KLEIN, klein@smp.cz
PETR JELINEK, jelinek@smp.cz PETR JELINEK, jelinek@smp.cz
SMP CZ, a.s. SMP CZ, a.s.
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Toel

VYSTAVBA TUNELU POD LETISTEM HEATHROW
TUNNELS CONSTRUCTION UNDER THE HEATHROW AIRPORT

MATOUS HILAR, ALUN THOMAS

uvoD

Londynské letit¢ Heathrow, které vlastni a provozuje firma BAA plc, je nej-
vytizenéj$i mezindrodni leti§t€ na svété. Heathrow dnes odbavuje 67 miliont
cestujicich rotné, nicméné jeho piivodn{ infrastruktura, skladajicf se ze Ctyf ter-
mindly, byla navrZzena na mnohem mensi pocty. V breznu 2008 se pro cestujici
vefejnost otevie novy termindl 5, ktery bude jednim z nejmodernéjsich termind-
14 na svété. Kapacita leti§té se tim zvy3{ na 95 miliond cestujicich za rok.

Vystavba termindlu 5 s rozpoctem 4,2 miliardy liber byla zahdjena v Cervenci
2002. Jednd se v soucasné dobé o jeden z nejvétsich a nejslozitéjsich stavebnich
projektt v Evropé. Projekt zahrnuje stavbu dvou budov termindlu, novou véZ pro
fizeni letového provozu, letidtni infrastrukturu, viceposchodové parkoviité se
4000 parkovacimi misty, hotel a pies 13 km dlouhou sit'razenych tunell a Sachet.

Pii vystavbé termindlu 5 bylo nutné vybudovat nésledujici tunely: tunel pro
odvedeni destové vody, kolektor pod silnici A3044, silni¢ni tunel na letiStni
strané, prodlouzeni trasy metra Piccadilly a prodlouzeni Zelezni¢niho tunelu
Heathrow Express. Umisténi téchto novych staveb je zndzornéno na obr. 1.
Investor, BAA plc, najal jako generdlniho projektanta v§ech podzemnich staveb
firmu Mott MacDonald a firmu Morgan = Vinci Joint Venture (MVIV) jako
generdlnitho dodavatele podzemnich staveb. Vsechny stavby, které zahrnuji
osténi ze stifkaného betonu (OSB), byly navrhovény rakouskou spole¢nosti
Beton- und Monierbau (BeMo) spolu s firmou Mott MacDonald. Obé spolec-
nosti, Mott MacDonald a BeMo, také odpovidaji za stavebni dozor realizace
veskerych podzemnich praci.

HORNINOVE POMERY

Geologie v oblasti Heathrow je relativné jednotnd. Na povrchu je asi 0,5 aZ
5.5 m mocnd vrstva ndsypu, leZici na nékolika metrech terasovych Stérku. Pod
Sterky je mocnd vrstva londynského jilu (asi 50 m silnd). Rozhrani mezi $térky
a jilem se nachdzi v hloubce 3 m az 10 m pod tdrovni terénu. Hladina spodni
vody se nachdzi v hloubce od 1 m do 2,5 m pod povrchem, takZe vétSina uleh-
Iych a pis¢itych $térka je zvodnéld. Tuhé a zvodnélé jily obsahuji misty tenké
subhorizontéln{ vrstvy jiloveu. Jil je pfedkonsolidovany zatiZenfm aluvidlnimi
nénosy, které byly v minulosti odplaveny morem. Jil je vieobecné velmi homo-
genni, s vyjimkou ob¢asnych drobnych zvodnélych trhlin, zndmych jako ,,gre-
asy backs™. Vsechny tunely byly navrZeny tak, aby razby byly realizovany ve
vrstvé londynského jilu.

Zéakladni geotechnické parametry londynského jilu pod Heathrow jsou uve-
deny v tabulce 1.

Tab. 1 Pirehled parametru londynského jilu
Tab. 1 Summary of the London Clay parameters

Parametr Symbol  Jednotka Hodnota
Parameter Symbol  Unit Value
Zvodnéni / Water content w % 22-30
Mez plasticity / Plasticity limit Wp % 20-30
Mez tekutosti / Liquidity limit W, % 60 -76
Koeficient plasticity / Plasticity index I, % 35-50
Objemova hmotnost / Bulk density Y kN/m® 19-21
Efektivni soudrznost / Effective cohesion ¢’ kPa 0-10
Efektivni tihel tfeni /

Effective friction angle ¢’ ° 20-25
Neodvodnéns smykova pevnost / Cy kPa 25452 ™
Undrained shear strength

Neodvodnény modul pretvoreni @ / Eu kPa 400C,
Undrained deformation modulus ?

Propustnost / Permeability K m/s 10°-10°
Soucinitel tlaku v klidu @/ Ko - 05-15

At-rest-pressure coefficient ©

(1) Z je hloubka meérend od povrchu terénu

(2) Pro vypocty se obvykle pouzivd nelinedrni analyza

(3) Hodnota K, obvykle roste od 0,5 do 1,5 v pocdtecni hloubce 0,5 az 1,5 m pod
rozhranim Stérku a jilu a poté se rostouct hloubkou pribliZuje k asymptoté 1.

(1) Zis the depth measured from the ground surface

(2) Non linear analyse is typically used for calculations

(3) Ko typically increases from 0.5 to 1.5 in the first meters under the gra-
vel/clay interface, and decreaseswith the depth towards an asymptote of 1.

INTRODUCTION

London Heathrow Airport, owned and operated by BAA plc, is the busi-
est international airport in the world. Today, Heathrow handles 67 million
passengers a year, but its original four terminal infrastructure was designed
for far less. When the new Terminal 5 development opens to the travelling
public in March 2008 it will be one of the worlds most advanced airport ter-
minals and will increase the airport’s passenger capacity to up to 95 million
passengers a year.

Construction began on the £4.2 billion Terminal 5 development in July
2002. Currently one of Europe’s biggest and most complex construction
programmes, it includes two terminal buildings, a new air traffic control
tower, airfield infrastructure, a 4000 space multi-story car park, a hotel, and
a network of over 13km of bored tunnels and shafts.

The following tunnels had to be built for Terminal 5: Storm Water Outfall
Tunnel, a service tunnel under the road A3044, Airside Road Tunnel, Picca-
dilly Line Extension, and Heathrow Express Extension. Location of the men-
tioned new structures is shown on Fig. 1. The client, BAA plc, employed
Mott MacDonald as principal designer of all underground structures and
Morgan=Vinci Joint Venture (MVJV) as principal tunnel constructor. All
works involving the sprayed concrete lining (SCL) were designed by Austri-
an company Beton- und Monierbau (BeMo) in association with Mott
MacDonald. Both Mott MacDonald and BeMo are also responsible for the
supervision of all underground works.

Pl wed pourd

Obr. 1 Situace tunelit na letisti Heathrow
Fig. 1 Location of tunnels at the Heathrow Airport

GROUND CONDITIONS

Geology of the Heathrow area is relatively uniform. On the surface is
about 0.5m to 5.5m of manmade ground underlain by several meters of Ter-
race Gravels. Below the gravels is a thick layer of the London Clay (appro-
ximately 50m thick). Gravel/clay interface is situated between 3m and 10m
below the ground level. Majority of the dense and sandy gravels are satura-
ted, as water table is situated between 1m to 2.5m below the ground level.
The stiff and saturated clay locally features thin sub-horizontal layers of
claystones. The clay has been overconsolidated by the weight of alluvial
deposits, which were eroded by the sea. The clay is generally very homoge-
nous, except occasional tiny fissures containing water known as ‘greasy
backs’. All tunnels were designed to be excavated in the London Clay strata.

Basic geotechnical parameters of the London Clay at Heathrow are sum-
marized in Tab.1:

AIRSIDE ROAD TUNNEL (ART)

Basic Data: The purpose of ART is to connect the Central Terminal Area
(CTA) with the remote aircraft stands in the west. The twin-bore tunnel has
an 8.1m internal diameter and is 1.3km long. The spiral eastern portal, loca-
ted at the CTA, consists of a 140m two-way carriageway leading down to




Fig. 2 West Portal of the ART located close to the live airport

SILNICNIi TUNEL NA LETISTNi STRANE (STLS)

Zakladni udaje: Ugelem STLS je propojeni oblasti centralniho termi-
ndlu (OCT) se vzddlenymi parkovisti letadel na zapadé. Dvé tunelové trou-
by tohoto 1,3 km dlouhého tunelu maji vnitini pramér 8,1 m. Spirdlovy
vychodni portdl, nachdzejici se u OCT, obsahuje 140 m dlouhou obou-
smérnou vozovku, vedouci doli do 80 m dlouhého hloubeného tunelu.
Zépadni portdl je oteviend kiizovatka ve tvaru T, kterd umoZiuje vozidlam
pristup ke vzdalenym mistim stdnf letadel nebo k termindlu 5.

Tunelové propojky: Hlavni tunelové trouby jsou spojeny 12 propojkami:

e 8 nouzovych propojek (NP) — funguji jako tnikové vychody pro

chodce, maji prumér 3 m;
@ 2 mistnosti zabezpeceni (MZ) — maji tvar ,,Z“ a slouZi jako prostor
pro strojni a elektrické zafizeni. Maximélni prumér komor je 5,5 m;
® 2 nouzové propojky s jimkami (NPJ) — jejich tdcelem je jimani vody
z hlavnich tunelovych trub a soucasné i umoznéni dniku chodcu. Pru-
mér spojovaci chodby je 6,2 m; jimky jsou tvoreny Sachtami o pru-
méru 6,2 m vyhloubenymi uprostred spojovaci chodby.

Niveleta: STLS musel podejit nebo nadejit tunel Heathrow Express.
Vzhledem k umisténi portdld a omezenim nivelety (maximdln{ spad 1:19)
byl uinén zavér, Ze jedinym redlnym feSenim je, aby STLS presel nad
tunelem Heathrow Express vrchem. STLS byl sniZen tak, aby bylo maxi-
malizovano jilové nadloZi nad vétSinou jeho délky s vyjimkou mista kifZze-
ni s tunelem Heathrow Express a mist portdlu. Vysledkem byla niveleta ve
tvaru ,,W*, se spodnimi lomovymi body vZdy uprostied mezi portilem
a mistem kiiZeni s tunelem Heathrow Express (mista jimek). V misté kii-
Zeni s Heathrow Express je svétld vzddlenost mezi tunely pouze 3 m, jilo-
vé nadlozi nad STLS je také pouze 3 m vysoké. Celkové se mocnost nadlo-
z{ STLS pohybuje od 5 do 16 m.

Navrh TBM: Velmi mélce uloZeny velkoprofilovy STLS musel pod-
chazet letiStni infrastrukturu vCetné pristdvaci drdhy a mist stdni letadel
(obr. 2). Vyber tunelovaciho stroje byl proto rozhodujicim, aby byly mini-
malizovdny deformace nadloZi a naruseni provozu letisté. Nakonec firma
Herrenknecht vyvinula tunelovaci stroj pro dva rezimy, schopny pracovat
v rezimu EPB (Earth Pressure Balance, tj. se zajisténim Cela tlakem roz-
pojené horniny) nebo v rezimu price se stlatenym vzduchem. Ani jeden
z uvedenych zplsobu nebyl diive v londynském jilu pouzit, takZe bylo
nutné v Némecku provést zkousky ve velkém méritku. Zkousky ukdzaly,
7e se jil da preménit na ,,pastu” vhodnou pro préci $titu v rezimu EPB.
7 diivodu zajisténi tlaku na &elbé bylo do systému pro odstranovani ruba-
niny, v misté vystupu $nekového dopravniku, zafazeno dvoupistové Cer-
padlo Putzmeister (obr. 3). Aby bylo vyhovéno predpoklddané rychlosti
postupu mechanizovaného titu, bylo zapottebi sestavit cerpadlo s prumé-
rem pistu 750 mm, nejvetsi svého druhu.

Razba pomoci TBM: Tunelovaci stroj pracoval v polouzavieném
rezimu béhem vétSiny obou razeb. Deformace horniny byly fizeny tlakem
vzduchu, ktery se ménil od 0,5 do 2 bart v zavislosti na nadloZ{. Defor-
mace horniny kolem kénického plasté (rozdil mezi prednim a zadnim kon-
cem 25 mm) byly fizeny tlakem bentonitu. Prstencovy prostor mezi seg-
menty a jilem byl injektovan cementovou smési. Trvaly monitoring seddn{
povrchu umoziioval doladovéni viech provoznich tlakd. Osténi tunelu bylo
z 1,7 m dlouhych a 350 mm silnych Sroubovanych betonovych segmentu.
Vsechny prstence osténi byly zkosené pro dosaZzeni zakfiveného tvaru nive-
lety. Po dokon&eni prvni razby bylo TBM vyzdviZeno z prijimaci komory
a prepraveno do startovaci komory druhé razby (zdpadnim trouba). Vyzdvi-
Zeni 600tunového tunelovaciho stroje z prijimaci komory je pravdépodob-
né nejvétsim dosavadnim vykonem pfi zveddni tunelovacich stroju ve
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an 80m long cut and cover box. The western portal consists of an open
T-junction allowing vehicles access to both remote aircraft stands and to
Terminal 5.

Cross-passages: The running tunnels are connected with 12 cross-
passages:

e 8 Emergency Cross-Passages (ECP) — they function as exit for pede-

strians, their diameter is 3m.

@ 2 Load Centre Rooms (LCR) — they have a ‘Z’ shape and serve as
space for mechanical and electrical equipment. The maximum dia-
meter of chambers is 5.5m.

e 2 Emergency Cross-Passage Sump (ECPS) - their purpose is to col-
lect water from the running tunnels together with escape connecti-
on for pedestrians. The diameter of cross-passages is 6.2m; sumps
are formed by 6.2m diameter shafts excavated in the middle of
Cross-passage.

Vertical Alignment: ART had to pass beneath or over the Heathrow
Express. Given the location of the portals and the vertical alignment
constraint (maximum gradient 1/19) it was concluded that only the fea-
sible solution is that ART has to pass over the Heathrow Express tunnel.
The tunnel was deepened to maximise the clay cover over the most of
length with the exception of the crossing over the Heathrow Express and
the portals. This resulted in vertical alignment that took a ‘W’ shape
with low points in the middle between each of the portals and the Heath-
row Express crossing (location of the sumps). At the crossing point over
the Heathrow Express clearance between two tunnels is only 3m and
clay overburden is also only 3m. Total ART overburden varies between
Sm and 16m.

TBM Design: The very shallow and large diameter ART had to pass
under the airport infrastructure including taxiways and stands for airc-
rafts (Fig.2). Thus the selection of the TBM was crucial to assure mini-
mal ground movement and minimal disruption to the airport. Finally
a dual mode TBM was developed by Herrenknecht, capable of operating
in Earth Pressure Balanced (EPB) mode and in compressed air mode.
Neither of these principles had previously been used in London Clay,
thus large-scale trials were undertaken in Germany. Trials demonstrated
that the clay could be turned into a ‘paste’ for operating in EPB mode.
To maintain a pressure on the face, Putzmeister double piston pump was
incorporated into the excavation removal system at the outlet of screw
conveyor (Fig. 3). To meet anticipated TBM advance, 750mm piston
diameter was required, which is the largest pump of its type.

TBM Excavation: TBM was operated in semi-open mode for majo-
rity of both drives. Ground movement was controlled with air pressure
varying between 0.5 and 2 bars depending on the overburden. Ground
movement around the tapered shield (25mm difference between front
and tail) was controlled by bentonite pressure. The annulus behind seg-
ments was backfilled with a cementitous grout. Continual settlement
monitoring enabled all the operating pressures to be tuned. The tunnel
was lined with 1.7m long, 350mm thick bolted concrete segments. All
rings were tapered to achieve curved tunnel alignment. After completi-
on of the first drive TBM was lifted from the reception chamber and
transported to the launch chamber for the second drive (Westbound).
The lift of the 600t TBM from the reception chamber is believed to be
the largest TBM lift ever carried out in the United Kingdom. Average
TBM advance rate was about 12m per day, with maximum 25.5m per
day and 142.8m per week.

Cross-Passages Opening: The work on the cross-passages started
after the breakthrough and backfilling of the Eastbound tunnel. Steel

@ Pretlakova komora a Fezna hlava / Plenum chamber and cutterhead
@ PI4st $titu s tésnénim na konci / TBM Skin with brushes at the end

g| vé osténi / Erected segmental lining
@ Snekovy dopravnik / Screw conveyor
® Dvoupistové ¢erpadlo Putzmeister / Putzmeister double piston pump

®S vané

Obr. 3 Schéma tunelovaciho stroje pro STLS s ¢erpadlem Putzmeister
Fig. 3 Schematic of the ART TBM with the Putzmeister pump
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Velké Britdnii. Pramérny
vykon tunelovaciho stro-
je byl priblizné 12 m za
den, s maximy 25,5 m za
den a 142,8 m za tyden.

Rozrazka propojek:

Priace na propojkach
zaCaly po dokoncen{
razby vychodni trouby.
Pred vytvofenim otvoru
v segmentovém ostén{
silnicniho tunelu byly
dilce podepreny ocelovy-
mi rdmy. Ramy byly
k segmentum pripojeny
24 zainjektovanymi oce-
lovymi trny. Po osazen{
rdmu byly diamantovou
pilou na pasovém pod-
vozku prefiznuty seg-
menty osténi. Nésledo-
vala razba komory pro
obvodovy vénec v usti

Obr. 4 MontdZ bednéni pro propojovaci

w cZOdbu v STf;S . propojky  realizovana
Fig.4S Z’};Tr installation for cross-passage pomoci stitkaného beto-
17/

nu. Po vyraZeni prostoru
pro vénec byla do komo-
ry umisténa mohutnd vyztuz vénce. Pro betondZz vénce bylo pouZito ocelo-
vé bednéni (obr. 4). Z tovdrny byly pro tento tcel pfedem dovezeny dveé
sady bednéni. Bednéni se sklddalo z bubnu a dvou &el s priloZznymi vibra-
tory. Prdce na armatufe a bednéni na jedné propojce trvaly asi tyden. Kdyz
byl vénec zabetonovan a pevnost v tlaku dosdhla poZzadovanych hodnot,
bednéni a provizorni rdmy byly rozebrany. Potom zacala dalsi razba pro-
pojovaci chodby metodou LasershellTM (razba s jednoplastovym OSB).

Deformace horniny: Sedéni a zdvihani terénu v dusledku razby pomo-
ci TBM nepresdhly 15 mm, coZ odpovidalo ztrété plochy vyrubu 0,35 %.
Pohyby povrchu byly udrZeny v rozmezi —10 mm a +10 mm na vétSiné
trasy razené pomoci TBM. Maximaln{ zji§téné seddni, zpasobené razbou
zajiStovanou stiikanym betonem, bylo 24 mm (v oblasti MZ 1 a NPJ 1, tj.
u konstrukef s vétsim profilem). Sedani, vyvolané razbou nouzovych spo-
jovacich chodeb, zustalo pod 10 mm. Maximalni zji§téné celkové sednutf
(vyvolané TBM a OSB razbou) bylo 31 mm, ale vSeobecné se na vetsiné
monitorovanych bodi drZelo pod 20 mm. Celkovd deformace tunelu
Heathrow Express, lezictho 3 m pod STLS, byla 2 mm. Stavba STLS
nezpusobila 7ddné neotekdvané naruseni provozu leti§té nebo Heathrow
Express. Tunel byl preddn BAA pocatkem roku 2005.

TUNEL PRO ODVEDENI DESTOVE VODY (TODV)

Zakladni ddaje: Stavba termindlu 5 a zpevnénych ploch znaéné zvysu-
je rozlohu nepropustného povrchu letidté Heathrow. Ugelem TODV je
odvést zvySeny objem destovych vod z oblasti letisté do oblasti Clockhou-
se Lane Pit, nachdzejici se asi 2 km od leti§t¢. RaZeny tunel je 4 km
dlouhy a m4 vnitini praimér 2,91 m. K tunelu patif tyfi asi 20 m hluboké
Sachty. Vtokovd a vytokovd Sachta maji prumér 10,5 m, dvé mezilehlé
Sachty maji primér 6 m. Vzddlenosti mezi Sachtami jsou pfiblizné 1 km.
Kromé potieby pro vystavbu byly Sachty pozadovany i pro ddrzbu a pro-
voz dokonceného systému.

Stavba Sachet: Skrz vrstvu §térku byly Sachty realizovény zatladovanim
segmentového osteéni (obr. 5). Prstencovy prostor za segmenty byl vyplnén
bentonitem, ktery byl nahrazen cementovou injektdZi po dokon&eni osténi.
Po zapusténi osténi do hloubky asi 1,5 m do londynského jilu byla ze spod-
ku osténi odstranéna feznd hrana. Zbytek praci na hloubeni Sachty byl rea-
lizovan mechanicky a vyrub byl zajistén stifkanym dratkobetonem. Vypu-
kld dna Sachet byla vystrojena Zelezobetonem. Plochy okolo rozrdzky
tunelu byly vyztuZeny nékolika vrstvami ocelovych pruti a zastiikdny
betonem bez drétka.

Stavba tunelu: Tunel byl raZzen pomoci TBM Lovat 131. Osténi s kli-
novym blokem (wedgeblock) bylo skldddno z prefabrikovanych dratkobe-
tonovych dilci 200 mm silnych a 1 m dlouhych. Prstenec, sloZeny
z 8 dilca, byl rozepien do jilu pomoci klinového segmentu tak, Ze po vnéj-
§fm obvodu nezustala 74dn4 dutina, kterou by bylo nutné injektovat a také
nebylo nutné osténi Sroubovat. Posledni segment uzamykd zbylé dilce
jednoho prstence v dané poloze (obr. 6). Sroubované byly pouze prstence
priléhajici k Sachté a prostor za nimi byl vypliovén injektdZzi. Prstence
sesklddané ze segmentu nebyly zkosené. Oblouky na trase tunelu byly rea-
lizovany pomocf preklizkovych vloZek o rizné tloustte vklddanych mezi

Obr. 5 Hloubeni mezilehlé Sachty 2 na TODV kesonovdnim
Fig. 5 Caisson lowering for the SWOT Intermediate shaft 2

frames were used to support segmental lining of running tunnel prior to
making the opening. The frames were connected to segments by 24
grouted shear pins. Once the temporary frame was installed, the seg-
ments were cut using track-mounted diamond saw. Then excavation of
the SCL chamber for the collar followed. Once space for collar was cre-
ated, a heavy reinforcement was placed to the collar position. The col-
lar was cast using a steel shutter (Fig. 4). Two removable steel shutters
were brought from the factory in advance. The shutters consisted of
drum section plus four face sections with attached vibrators. Steel and
shutter installation for one cross passage took approximately one week.
Once the concrete collar was cast and cube strength reached required
values, the shutter and the temporary frame were dismantled. Consequ-
ently further excavation of cross passage commenced using the Lasers-
hellTM method (the single pass SCL excavation).

Ground Movement: The maximum surface settlement and heave
induced by TBM excavation did not exceed 15mm which corresponded
with a volume loss 0.35%. Surface movement for the majority of TBM
route stayed within -10mm and +10mm. The maximum monitored sett-
lement induced by SCL works was 24mm (in the area of LCR1 and
ECPS1 — structures of larger profile). Settlement induced by excavation
of Emergency Cross-Passages stayed below 10mm. Maximum monito-
red total settlement (induced by both TBM and SCL works) was 31mm,
but generally it stayed below 20mm for majority of monitoring points.
The overall movement of Heathrow Express tunnel located 3m below
ART running tunnels was 2mm. No unexpected disruption to operation
of airport or Heathrow Express was caused by ART construction. The
tunnel was handed over to BAA in the beginning of this year (2005).

STORM WATER OUTFALL TUNNEL (SWOT)

Basic Data: Construction of the Terminal 5 and paved areas signifi-
cantly increases impermeable surface of the Heathrow Airport. The
purpose of SWOT is to remove increased rain water run-off from the
airport area to the Clockhouse Lane Pit situated about 2km south from
the airport. The single-bore tunnel is 4km long and has 2.91m internal

Obr. 6 Sklddané osténi TODV s klinovym zdamkem
Fig. 6 Wedgeblock lining in SWOT




Obr. 7 Prvni portdlovy jerdb za tunelovacim strojem slouZici pro vykldddani
dilcu z vozu pFi razbé TODV

Fig. 7 The first gantry behind SWOT TBM serving for unloading of
segments from carriages

sousedni prstence. Pfed zahdjenim razby pomoci TBM byl ze vtokové
Sachty vyraZzen 40 m dlouhy tunel Frontshunt s osténim ze stifkaného beto-
nu. Tento tunel byl prvni razbou provddénou metodou Laserhell TM na
stavbé termindlu 5. Po svém dokonéeni tunel slouZil jako startovaci komo-
ra pro TBM.

Odvoz rubaniny: Pro dopravu dilci a odvoz rubaniny z tunelu byla
pouZita dzkokolejnd dréha (obr. 7). Pro vykldpéni a dopravu rubaniny ze
dna Sachty byl pouzit systém zasobniku a pasového dopravniku. Doprav-
nikovy systém dodala firma Continental Conveyor véetné fetézového
dopravniku a drti¢ky na dné Sachty a dopravniku pro vysoké dopravni thly
k premisténi rubaniny na povrch. Jednd se pravdépodobné o prvni pripad
pouziti tohoto zafizeni pro dopravu londynského jilu. Tento dopravnikovy
systém zna¢né sniZil vytiZenf jerdbu. Uvolnénim tohoto logistického tizké-
ho hrdla byly zvyseny vykony razeb. Jerdby byly pouzity pouze pro dodav-
ku segmentu.

Prace pomoci TBM: Zahdjeni prace pomoci TBM bylo ovlivnéno pro-
blémy se sanim strojniho erektoru, blokovanim rubaniny v fezné hlavé
stroje a pripady blokovéni rubaniny v drti¢ce na dné jamy. Parametry TBM
arychlost fet€zového dopravniku byly vyladény v prvnich tydnech a Zddné
dalsi podstatné problémy se poté jiz nevyskytly. Dlouhodobé vykony
dosdhly 38 m za den (38 prstenctl), s maximem 72 m za den. Seddn{ povr-
chu nad tunelem nepreséhlo 6 mm. Razba byla dokonéena v srpnu 2003.

KOLEKTOR A3044

Zakladni tdaje: Kolektor pod silnici A3044 byl potiebny pro privod
kabelu a vodovodniho potrubi ke stavbé terminalu 5. Stavba se sklddala
z hloubené jamy o rozmérech 24 m x 12 m, dvou 130 m dlouhych tuneld
s vnitinim prumérem 2,5 m a dvou pfijimacich Sachet o priméru 6 m.

Stavba: Prijimaci Sachty byly stavény stejnou metodou jako Sachty
TODV (zatlatovéni segmentu skrz $térky a razba pomoci stifkaného beto-
nu v jilu). Jima byla hloubena z povrchu a byla paZena podzemnimi sté-
nami. Dva tunely byly realizovany protla¢ovanim z hloubené jamy pomo-
ci §titu Herrenknecht MH2S vybaveného ramenem s drapakem pro raZbu
(obr. 8). Jako osténi byly pouzity 2 m dlouhé prefabrikované betonové
prstence. Postup tunelu byl 10 m za den pfi razbé prvni trouby. Pfi razbé
druhé trouby se postup zvysil na 16 m za den. Naméfené sednuti povrchu
nepresdhlo 10 mm. VSechny razby byly dokonceny v Cervenci 2003.
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diameter. The tunnel incorporates four shafts about 20m deep. Inlet and
Outlet shafts have diameter 10.5m, two Intermediate shafts have diame-
ter 6m. The spacing of shafts is about 1km and besides construction they
are required for the maintenance operation of completed system.

Shafts Construction: The shafts were constructed using the caisson
method with precast segmental lining through the saturated Terrace Gra-
vels (Fig. 5). The annulus behind segments was filled by bentonite
replaced by cementitous grout after the caisson completion. Once the
caisson was keyed about 1.5m into the London Clay, a cutting edge from
the bottom of caisson has been removed. The rest of the shaft excavati-
on has been done using mechanical excavation and supported with a
fibre reinforced sprayed concrete. Bottom of the shafts was domed and
protected by reinforced concrete base. Areas around the shafts openings
were reinforced by several layers of steel bars covered by sprayed conc-
rete without fibres.

Tunnel Construction: The tunnel was constructed using a Lovat 131
full face TBM. The wedgeblock lining was formed by precast fibre rein-
forced concrete segments 200mm thick and 1m long. The ring of 8 seg-
ments was expanded against the clay by tapered key segment so there is
no annular void to be filled and no need for bolts. The key segment locks
the remainder of the segments from one ring in the position (Fig. 6).
Only rings adjacent to the shafts were bolted and 20mm annulus around
them was grouted. The segmental rings were not tapered — curvature of
the tunnel lining was generated by different thickness of plywood pac-
kers inserted between adjacent rings. Prior to the start of TBM excava-
tion, a 40m long Frontshunt was excavated from the inlet shaft using
SCL. The Fronthunt was the first LasershellTM excavation at Terminal
5 and served as the TBM launch chamber after its completion.

Spoil Removal: A narrow gauge rail system was used for delivery of
segments and removing of spoil from the tunnel (Fig. 7). A bunker and
conveyor system was utilised for tipping and spoil removal from the
Inlet shaft bottom. The conveyor system supplied by Continental Con-
veyor included a chain conveyor and crusher in the pit bottom and a
High Angle Conveyor (HAC) to transfer the spoil to the surface. It was
probably the first time that this type of conveyor has been used for the
London Clay. The conveyor system significantly reduced the number of
crane lifts and increased the tunnel production by relieving this logisti-
cal bottleneck. The crane was used only for supplies.

TBM Performance: Beginning of the TBM excavation was affected
by problems with the suction of mechanical erector, by blockages of
spoil in the TBM cutterhead and by blockages in the pit bottom crusher.
TBM parameters and speed of the chain conveyor were tuned in the first
weeks and no major problems were encountered afterwards. The long
term production reached 38m per day (38 rings) with maximum 72 m
per day. Surface settlement above the tunnel has not exceeded 6mm. The
excavation was completed in August 2003.

A3044 SERVICE TUNNEL

Basic Data: Service tunnel under the road A3044 was required for
cables to supply power and pipes to supply water to Terminal 5 project.
The construction included a 24m x 12m Bulk Supply Point (BSP) box,
twin 130m long tunnels with 2.5m internal diameter and two 6m dia-
meter reception shafts.

Construction: The reception shafts were constructed by the same
method as SWOT shafts (caisson through the gravel and SCL excavati-
on in the clay). BSP box was excavated from the surface and supported

Obr. 8 Stroj MH2S firmy Herrenknecht pred startem
Fig. 8 MH2S Herrenknecht machine prior to launching
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PRODLOUZENI TRASY PICCADILLY (PICCEX)

Zakladni ddaje: Letisté Heathrow je spojeno se siti londynského metra
trasou Piccadilly, kterd tvori smyc¢ku se dvéma stanicemi pod stdvajicimi
terminaly. Uelem PiccEx je prodlouZit londynské metro k budové termi-
ndlu 5. Jednd se o 1,6 km dlouhy dvoutrubni tunel, ktery ma vnitin{ pru-
mér 4,5 m. Napojeni novych tunell na stavajici smycku metra bude zajis-
téno postavenim betonové konstrukce realizované z povrchu. Soucasti
novych tunelil PiccEx je téZ Sachta T5C PiccEx, kterd bude slouZit jako
vétraci a tinikovd Sachta. Sachta mé vnitfni pramér 12,5 m a hloubku
30 m (obr. 9). K Sachté patii nekolik propojovacich chodeb vedoucich do
tratovych tunela.

Popis Stitu: Tunely se razily pomoci §titu Dosco, ktery jiz byl pouzit
v minulosti na stavbé trasy metra Piccadilly. Rameno osazené na Stitu
bylo vybaveno rotacni frézou. Po dokonéeni jednoho zdbéru razby byl
Stit pomoci hydraulickych lisu opfenych o osténi za §titem posunut
o 1 m vpred. Frézou vyraZeny profil byl priblizné o 100 mm mensi nez
prumér S$titu, takZe predni hrana stroje se pii posunovdni §titu vpred
zatezévala do horniny. Potom byly lisy zasunuty zpét a byl sestaven
prstenec osténi (obr. 10). Prifez vyrubu se {dil velikosti fezacf listy osa-
zené na predni hrané. Velikost pouzivanych 1ist se pohybovala od 0 mm
do 20 mm, tak aby se seddni horniny pfizpusobovalo rychlosti razby
a horninovym pomérum. VE&t§{ rozmér listy znamenal na jednu stranu
snadnéjSi fizeni, na druhou stranu ale i vétsi ztratu plochy vyrubu
(tj. vetsi sedani).

Stavba tunelu: Rubanina byla vyvdZena z tunelu pomoci pdsového
dopravniku napojeného na dopravnik pro velké dopravni thly instalovany
ve startovaci komore (obr. 11). Betonové dilce 150 mm silné a 1 m dlouhé
pro osténi s klinovym zdmkem se dopravovaly na ¢elbu tizkorozchodnymi
vlakovymi soupravami. Razba tratovych tuneld skoncila asi
100 m pred stdvajici trasou Piccadilly. Pred $titem byla vyraZena komora
vystrojend stifkanym betonem. Potom se §tit rozebral a odvezl novym
tunelem na povrch. PI43t'$titu zastal v tunelu a po odvezenf §titu se uvnitt
tohoto plasté smontovaly prstence ze Sroubovanych betonovych segmenta.
Primérn4 rychlost razby byla pfiblizné 50 m za den.

Smérové a vySkové Fizeni razby: Smérové a vyskové navadéni §titu
bylo realizovdno pomoci laserového fidiciho systému ZED. Tento systém
byl sloZen z terCe, fidici jednotky a spojovaci jednotky. Teré byl pouZit
k méfent svislych a vodorovnych posunu §titu od referenéniho laserového
paprsku. Pritom bylo méfeno i vodorovné a svislé natoCeni §titu a rotace
Stitu kolem podélné osy. Ridici jednotka se sklddala z hlavni obrazovky
namontovany na $titu. Spojovaci jednotka umoznovala zapojeni laseru do
systému. Laser i spojovaci jednotka byly osazeny na konzole pripojené
k osténi tunelu vzadu za Stitem.

Geometrie osténi: Tolerance stanovené pro geometrii osténi byly velmi
prisné. Bylo poZadovdno, aby Zadny bod, méfeny kdekoli na dokon¢eném
osténi, nelezel vice nez 40 mm od své teoretické polohy! Tato tolerance
obsahovala vSechny moZné druhy nepfesnosti, kterymi jsou ureni polohy
nivelety, navddéni $titu, nepresnosti pri sestaveni prstence a také ndsledné
deformace prstence. Pro spodni hranici varovného stavu byla urcena hod-
nota 25 mm. Kdyz rozdil mezi teoretickou polohou nivelety a hodnotou
ZED presdhl 25 mm, musel inZenyr dodavatele preméfit geometrii prsten-
ce. Kdyz byl néjaky bod osténi mimo toleranci 40 mm, musel byt §tit zasta-
ven. Tolerance 40 mm byla prekrocena na zaCatku razby a v jednom krat-
kém tseku prvni razby (na zépadni troubé). To bylo povaZovéno za prija-
telné. Druhd razba (vychodni trouba) byla dokoncena celd v predepsanych
tolerancich.

Deformace horniny: Tloustka nadlozi na trase PiccEx je od 12,5 m
do 25,5 m. Na zacdtku razby bylo seddni zna¢né ovlivnéno geologicky-
mi pomery nadloZi (ne pln¢ konsolidované navazky). Sedani nad zbyt-
kem tratovych tunell se pohybovalo kolem 10 mm, s maximem 14 mm.
Tyto hodnoty odpovidaji ztrdté plochy vyrubu 1 az 1,5 %. Pfi podchaze-
ni pod tunelem smycky trasy Piccadilly byla mezi tunelem smycky
a tunelem PiccEx vzddlenost 3,9 m. Sednuti stdvajici trasy nepresdhlo
12 mm, takZe nedoslo k naruSeni provozu na této trase. Také provoz letis-
t€ nebyl narusen.

Harmonogram praci: Realizace Sachty T5C PiccEx a obou tratovych
tuneld byla dokon¢ena v srpnu roku 2004. Prace na hloubené konstrukci
pro napojeni na tunely trasy Piccadilly byly zahdjeny na zacdtku roku
2005. Po dokonceni (podzim 2005) bude konstrukce napojena na nové
tunely PiccEx prostfednictvim 100 m dlouhych tunelt s osténim ze stifka-
ného betonu.

Obr. 9 Sachta T5C PiccEx
Fig. 9 T5C PiccEx shaft

by diaphragm walls. The twin tunnels were pipejacked from BSP box
using a Herrenknecht MH2S open face shield equipped with a backhoe
for excavation (Fig. 8). 2m long pre-cast concrete pipes were used as
lining. The tunnel production was 10m per day for the first drive and
increased to 16m per day for the second drive. Monitored surface sett-
lement has not exceeded 10mm and all excavations were completed in
July 2003.

PICCADILLY EXTENSION (PICCEX)

Basic Data: The Heathrow Airport is linked to the London Underg-
round network via the Piccadilly Line which forms a loop with two sta-
tions under the existing terminals. Purpose of the PiccEx is to extend the
London Underground to the Terminal 5 building. The twin-bore tunnel
has an internal diameter 4.5m and is 1.6km long. The new tunnels will be
connected to the existing loop by the cut and cover construction of the
Piccadilly Junction box. Part of the new construction is also the T5C
PiccEx shaft, which will serve as ventilation and emergency escape shaft.
The shaft has 12.5m internal diameter and is 30m deep (Fig. 9). The shaft
includes several cross-passages connecting to the running tunnels.

TBM Description: The tunnels were constructed using an existing
Dosco shield which had been employed on the Piccadilly Line excava-
tion in the past. The boom of the shield was equipped with a rotating
road header. After excavation of a full advance the shield was shoved
Im forward by hydraulic rams propped against the lining behind the shi-
eld. The excavated section was about 100mm smaller then the shield
diameter, so the front edge of the machine was cutting into the ground
when the shield was pushed forward. Then the rams were retracted and
a segmental ring was erected (Fig. 10). The excavation profile was con-
trolled by the size of cutting bead attached to the front edge. The size of
used beads varied between Omm and 20mm to adjust ground settlement
to excavation speed and ground conditions. A bigger size of bead impli-
ed easier steering, but a higher volume loss.

Tunnel Construction: Spoil was removed from the tunnel on a con-
tinuous conveyor connected to a High Angle Conveyor in the launch
chamber (Fig. 11). 150mm thick and 1m long concrete segments for the
wedgeblock lining were delivered to the face on narrow gauge trains. An
excavation of the running tunnels finished about 100m short of the exis-
ting Piccadilly line and SCL chamber was formed in the front of the shi-
eld. Afterwards the shield was dismantled and removed through the new
tunnel to the surface. Shield skin was sacrificed in the tunnel, and conc-
rete bolted rings were built through the skin after shield removal. The
tunnel production was about 50m per day.

Alignment Control: The tunnel alignment was controlled by a ZED
guidance system. The laser based system consisted from the following
units: target unit, control unit, and interface unit. Target unit was used to
measure the vertical and horizontal displacement of the shield from a laser
beam reference. It also measures the horizontal angle of impact of the
laser beam and Roll and Lookup angles of the machine. The control unit
was the main display and computer for operator. Both target and control
units were mounted on the machine. The interface unit enabled laser to be
connected to the system. Both laser and interface unit were mounted on
the bracket connected to the tunnel lining behind the machine.

Construction Envelope: Tolerance on the construction envelope was
very tight — it was specified that no point measured anywhere on the
completed lining should be more then 40mm out of its theoretical




Obr. 10 Stit kiiZujici propojovaci chodbu vedouci z Sachty HExEx T5C
(montdZ Sroubovaného sklddaného osténi)

Fig. 10 Shield crossing of HExEx T5C cross-passage (bolted segments
erection)

PRODLOUZENI TRATI HEATHROW EXPRESS (HEXEX)

Zakladni udaje: Expres Heathrow (HEX) je vysokorychlostn{ Zelezni¢-
ni trat’ spojujici letist¢ Heathrow se stanici Paddington v Londyné. Podob-
ne jako v pripadé trasy metra Piccadilly obsluhuje tunel viechny stdvajici
letiStni termindly, takZe bylo potfebné tunely prodlouzit k budové nového
termindlu 5. Ve srovndni s trasou Picaddilly byla trat’ Heathrow Express
budovdna teprve neddvno, takZe komory pro spojeni HEXEx byly jiz pfi-
pravené. Ob¢ tunelové trouby HEXEx, dlouhé 1,8 km a 1.4 km, maji vniti-
ni pramér 5,675 m. Prace na HEXEx také zahrnovaly hloubenf tif Sachet
(3achta T5C HExEx o pruméru 6 m, mezilehld Sachta T5C o pruméru

Obr. 12 Start $titu na HExEx
Fig. 12 HExEx shield launching
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Obr. 11 Uspordddni startovaci komory na PiccEx véetné dopravniku pro
velké dopravni iihly

Fig. 11 PiccEx launch chamber arrangement including a High Angle
Conveyor

position! The tolerance included all inaccuracies: on alignment, on gui-
ding, on ring erection and also the ring deformation. The value of 25mm
was used as a trigger limit. Once the difference between theoretical
alignment and ZED value exceeded 25mm, a shift engineer had to sur-
vey ring geometry. If some point on the lining was outside 40mm, shi-
eld had to stop. 40mm tolerance was exceeded in the start of excavation
and one short section of the first drive (Westbound tunnel) which was
found acceptable. The second drive (Eastbound tunnel) was build com-
pletely within the prescribed tolerance.

Ground Movement: Cover to the PiccEx varies between 12.5m and
25.5m. Settlement at the start of excavation was significantly affected
by the ground conditions above — a manmade platform which was not
fully consolidated (continuous settlement was monitored prior and after
the excavation of the tunnels). The settlement above the remainder of
the running tunnels was about 10mm with maximum 14mm. These valu-
es correspond with a volume loss of 1 to 1.5 %. The PiccEx passed
under the Piccadilly loop tunnel with a clearance of 3.9m. The settle-
ment of the existing line did not exceed 12mm and no disruption to the
underground operation or airport infrastructure was caused.

Programme: Excavations of TSC PiccEx shaft and both running tun-
nels were completed in August 2004. Excavation of Piccadilly Junction
box started in the beginning of this year (2005). After completion
(autumn 2005) the box will be connected to the running tunnels via
about 100m long SCL tunnels.

HEATHROW EXPRESS EXTENSION (HEXEX)

Basic Data: Heathrow Express (HEx) is a high speed railway conne-
cting the Heathrow Airport with the Paddington station in London.
Similar to the Piccadilly line a tunnel serves all existing terminals at the
airport and its extension to the Terminal 5 was required. In comparison
with Piccadilly line the HEx has been built quite recently, therefore
chambers for connection with HExEx had already been built. The twin-
bore HEXEX tunnel has a 5.675m internal diameter. The individual tun-
nels are 1.8km and 1.4km long. Works on the HEXEx also included
excavation of the three shafts (6m diameter TSC HEXEx shaft, 8.5m
diameter T5C Intermediate shaft, and 10.5m diameter T5SD HEXEx
shaft) with the system of cross-passages connecting shafts with the run-
ning tunnels. The shafts are up to 30m deep. Purpose of the shafts and
cross-passages is for emergency escape for passengers and ventilation of
the running tunnels.

Tunnel Construction: The construction of the running tunnels was
very similar to the PiccEx tunnels — refurbished Dosco shield (Fig. 12)
equipped with a rotating road header (the shield was previously emplo-
yed on Heathrow Express construction). Spoil was also removed from
the tunnel on a continuous conveyor connected to a High Angle Conve-
yor in the launch chamber. 220mm thick and 1m long segments for wed-
geblock lining were delivered to the face using Paulo de Nicola road
transporters (Fig. 13), previously used in the ART. The ZED system was
used for the shield guidance. After breakthrough into existing HEx stubs
the shield was dismantled and removed, the skin was again sacrificed.
Both HEXEx drives had to pass under the existing Piccadilly Line tun-
nel with a clearance of 6.8m. A significant length of HEXEx Upline tun-
nel was excavated under the Terminal 3 building. The tunnel production
was about 40m per day.
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8,5 m, a Sachta T5D HExEx o priméru 10,5 m) se systémem propojova-
cich chodeb mezi $achtami a tratovymi tunely. Sachty jsou a% 30 m hlubo-
ké. Sachty a propojovaci chodby budou slouZit jako tinikové cesty pro ces-
tujici a pro vétrni tratovych tuneld.

Stavba tunelu: Stavba tratovych tunelt se velmi podobala stavbé tune-
It prodlouZeni trati Piccadilly, tj. s pouZitim renovovaného Stitu Dosco
(obr. 12), vybaveného rotacni frézou (pfedtim byl stit pouZit na stavbé trati
Heathrow Express). Rubanina byla z tunelu dopravovdna pomoci pasové-
ho dopravniku, spojeného s dopravnikem pro velké dopravni dhly, ktery
byl umistén ve startovaci komore. Segmenty osténi systému se zkosenym
zamkovym dilcem (tloustka 220 mm, délka 1 m) byly na ¢elbu dopravo-
vdny pomoci silni¢nich dopravniki Paulo de Nicola (obr. 13), pavodné
pouZivanych na stavbé silni¢niho tunelu na letiStni strané (STLS). Pro
navéadéni Stitu byl pouZit systém ZED. Po prordZce do stdvajicich tunela
HEXx byl §tit demontovén a odvezen, jeho plast opét zistal pohiben v pod-
zemi. Obé razby HEXEx musely podejit tunel trasy Piccadilly v hloubce
6,8 m pode dnem stavajiciho tunelu. Velka ¢ast tunelu HEXEx byla razena
pod budovou termindlu 3. Pramémd rychlost razby byla asi 40 m za den.

Deformace nadloZi: Tloustka nadloZ{ tuneld HEXEx se pohybuje od
13,5 m do 28,5 m. Podobné jako u tuneli PiccEx sednutf zji$téna monito-
ringem na zaCdtku razby byla znané€ ovlivnéna konsolidaci navézek
v nadloZi (oblast, ve které se nevyskytuji Zddné povrchové stavby). Maxi-
mélni monitorované sednuti nad zbylou Csti tratovych tuneld dosdhlo
hodnoty 23 mm. Ztrdta plochy vyrubu zustala pod 2 % u prevdzné ésti
obou razeb. Maximdlni naméfené seddni u stdvajictho tunelu na trase
Piccadilly bylo 25 mm. Razby vSech konstrukci HEXEx byly dokonceny
v lednu 2005.

ZAVER

Provadéni podzemnich staveb pro termindl 5 letist¢ Heathrow bylo
velmi ndro¢né. Bylo nutné vybudovat vice neZ 13 km tuneli uloZenych
mélce pod letistém, s pozadavkem na minimalni ovlivnéni nepferuseného
provozu letiste. Tunely se podafilo ispésné vyrazit pod misty stani letadel
a pojezdovymi drahami, pod jiZn{ pfistdvaci drdhou, pod budovou termi-
ndlu 3, pod tunelem na trase metra Piccadilly, pod sklady pohonnych hmot
s nddrZzemi na letecky benzin, pod vodojemy a dal$imi konstrukcemi
a inZenyrskymi sitémi. Vysledkem v€asného planovéni, spravné kontroly
rizik a pe¢livého provddéni praci byl velice nizky dopad na provoz letisté.
Pri razbach nedoslo k poskozeni Zadné stavby nebo jiného vybaveni letis-
té. Tento bod byl velmi duleZity, jelikoZ mozné finanéni dusledky byly
obrovské.

Spektrum tunelovacich strojl, pouZitych na stavbé termindlu 5, bylo
velmi $iroké. Obsahovalo polouzaviené TBM schopné préce ve dvou reZi-
mech (v reZimu stla¢eného vzduchu v reZimu EPB), uzaviené mechanické
TBM a tfi $tity s riznymi praiméry. Nékteré z technologif pouZitych na ter-
mindlu 5 byly velmi moderni. Hlavni technické zajimavosti, jakymi jsou
metoda razby LasershellTM, tunelovaci stroj schopny pracovat ve dvou
reZimech pouZity na stavbé STLS, v&etné jeho erpadla Putzmeister s pru-
mérem pistu 750 mm, nebo dopravnik pro velké dopravni dhly, byly pou-
Zity v londynském jilu poprvé.

VétSina podzemnich praci na termindlu 5 byla dokonéena pocitkem
roku 2005. Zbyvajici prace na propojeni prodlouzeni trasy Piccadilly se
stavajici trasou by mély byt dokonéeny v poloviné roku 2006.

Letisté Heathrow s jeho infrastrukturou je zvla§tnim piipadem. Poptav-
ka po letecké doprave trvale roste, takze i fada dalSich letiSt'na celém svété
se bude muset rozsirovat. Je jisté, Ze podzemni prace budou hrét v rozvoji
leti§t duleZitou roli.

Tento piispévek nepopisuje stavby tuneld na Heathrow realizované
pomoci stitkaného betonu. Podrobny popis inovaéni metody Lasershell
a jejiho pouziti na stavbé termindlu 5 bude uverejnén v jednom z dalSich
¢isel ¢asopisu Tunel.
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Obr. 13 Silniéni dopravniky Paulo de Nicola pro pFepravu dilci pro tunely
HExEx

Fig. 13 Paulo de Nicola road transporters for segments delivery in the
HEXEx tunnels

Ground Movement: Cover to the HEXEx varies between 13.5m and
28.5m. Similar to the PiccEx tunnels the monitored settlement at the
beginning of excavation was significantly affected the consolidation of
artificial platform above (area of no current services or structures on the
surface). Maximum monitored settlement above the remainder of the
running tunnels was 23mm. Volume loss stayed below 2% for majority
of both drives. Maximum settlement monitored in the existing Piccadil-
ly tunnel was 25mm. Excavation of all HEXEx structures was comple-
ted in January 2005.

CONCLUSION

Construction of underground structures for Terminal 5 at Heathrow
Airport was a very challenging project. Over 13km of shallow tunnels
had to be constructed under the live airport with minimal impact on its
operation. The tunnels were successfully constructed under aircraft
stands and taxiways, the south runway, the Terminal 3 building, the
Piccadilly Line tunnel, fuel farms with tanks for storing kerosene, water
tanks and many other structures and services. Advanced planning, pro-
per risk management and careful construction led to very low impact on
the airport operation, no structures or services were damaged by the tun-
nelling. This was very crucial point as potential cost impact was massi-
ve.

The spectrum of the tunnelling machines used at Terminal 5 was very
wide - it included air pressure/Earth Pressure Balance TBM, full face
TBM, and three shields of various profiles. Some of the technologies
used at Terminal 5 were very advanced. Features as LasershellTM met-
hod of excavation, dual mode TBM used on ART and its Putzmeister
pump with the piston diameter 750mm or High Angle Conveyor were
used the first time in the London Clay.

Majority of the tunnelling at Terminal 5 has been completed in the
beginning of this year (2005). The outstanding work is PiccEx conne-
ction to the existing Piccadilly Line, which is expected to be completed
in the middle of 2006.

Although Heathrow Airport and its infrastructure represent a special
case, as the demand for air travel continues to rise, many other airports
world-wide will have to expand and tunnelling is sure to play a major
role in developing airports.

This paper does not describe the SCL constructions at Heathrow.
Detailed description of the innovative LasershellTM method and its
application at Terminal 5 will be published in one of the following issu-
es of the magazine Tunel. .

ING. MATOUS HILAR, MSC., PHD., CENG., MICE
matous.hilar@mottmac.com, m.hilar@seznam.cz
ALUN THOMAS, BA., PHD., CENG., MICE
alun.thomas@mottmac.com,

MOTT MACDONALD LTD., CROYDON, U K.

P. Clarke, S. Thacker, I. Williams (2003): Flying ahead at Terminal 5. Tunnels & Tunnelling, September 2003.
I. Williams, S. Thacker (2003): The ART of success under Heathrow. Tunnels & Tunnelling, September 2003.
M. Hilar (2004): Project Report — Terminal 5. Submission for the ICE chartership.

I. Williams (2005): Managing risk at T5. Tunnels & Tunnelling, April 2005.



14. rocnik - €. 3/2005

KOLEKTOR CENTRUM OSTRAVA - SITUACE
PO DVOU LETECH VYSTAVBY

COLLECTOR OSTRAVA CENTER - SITUATION AFTER
TWO YEARS OF CONSTRUCTION

KAREL FRANCZYK

uvob

Vystavba kolektoru Centrum Ostrava je pldnovdna na tii roky. Po
dvou letech vystavby je kolektor stavebné dokoncen a v soucasné dobé
probihd vystrojovani dila a instalace technologii. Proto je moZné podat
ur¢ité hodnoceni k soucasné etapé. Komplexnéjsi zhodnoceni bude
nepochybné mozné udélat az po ukonceni stavby a predani do uziva-
ni, které je pldnovdno na srpen 2005. Vzhledem k tomu, Ze se jednd
o0 nejrozsdhlejsi dulné stavebni projekt v Ostrave, ktery patrné bude
v odbornych kruzich ¢asto diskutovan, je vhodné poskytnout uz nyni
ucelenou informaci o stavbé a zkuSenostech z vystavby.

PROJEKT

Projekt stavby kolektoru Centrum Ostrava navazuje na kolektor
,,Podébradova“, dokonCeny v roce 1998. Generdlnim projektantem
stavby se stala spolecnost Hutni projekt Ostrava. V roce 2000 byla
dokoncena dokumentace pro stavebni povoleni a ve stejném roce bylo
stavebni povoleni na stavbu vystaveno. Projekt byl zahrnut do celku
~Roz§itfeni kanaliza¢niho systému Ostravy®, na ktery mésto ziskalo
spolufinancovédni z fondu ISPA Evropské unie. V rdmci tohoto celku
figuruje kolektor Centrum Ostrava jako tzv. ,,Stavba II* , zatimco
»Stavbou I* je projekt ,,Kompletace kanalizacnich sbéracu®, ktery neni
predmétem tohoto ¢léanku.

ZHOTOVITELE

SoutéZ na zhotovitele stavby probéhla v roce 2002 a zvitézilo v ni
sdruzeni s ndzvem ,,Ostravské kolektory*, jehoz vedoucim Clenem je
firma Subterra, a. s., a druhym ¢lenem je Ingstav Ostrava, a. s. Vybé-
rové fizeni bylo uzavieno podpisem kontraktu dne 20. 12. 2002.
Smluvni podminky se fidi ve v§eobecné ¢asti podminkami EU podle
tzv. FIDIC — Red Book, coZ znamend, Ze zhotovitel provadi stavbu na
zakladé realizacni dokumentace zajiStované odbératelem.

ZAKLADNI INFORMACE O STAVBE
Pfimy investor Statutarni mésto Ostrava
Generalni projektant Hutn{ projekt Ostrava, a. s.
Zhotovitel Sdruzenf ,,Ostravské kolektory*

spolecnosti Subterra, a. s. (vedouci) a Ingstav Ostrava, a. s.

Spravce kolektoru Ostravské komunikace, a. s.

Dokumentace pro stavebni povolen{ 01/2001
Zahdjeni stavby 01/2003
Predpoklddané dokonceni stavby 30. 11. 2005
Celkova délka kolektoru 1657.88 m

Svétly prurez kolektoru 25x29az44m
5 — podle praméru kanalizaéniho potrubi
Stola pro kanalizacni potrubi 111,69 m

Néklady podle smlouvy o dilo 659 689 464 K¢ bez DPH

POPIS PROJEKTU

Kolektor je situovdn do vlastniho centra mésta Ostravy. Zacind
u budovy Nové radnice a probihd podél ulice Sokolskd k budové VZP,
kde se jednak staci na ulici 28. fijna, kde je ddle situovan budouci cent-
rdlni vstup do kolektoru. Kolektor vede pres Masarykovo ndmesti, kde
se rozdvojuje na dvé vétve — jedna je slepd a druhd pokraCuje pres
ulice Zameckd, Nddrazni a JureCkova az k nynéj§imu kolektoru na
Podébradové ulici.

Vzhledem ke spddovym pomérim v centru Ostravy je kanalizalni
potrubi situovdno do stropu dila, a tim bylo v zdsadé rozhodnuto

INTRODUCTION

Construction of the collector Ostrava center is planned to go on for
three years. After two years of construction, the civil construction of
the collector is complete, it is currently being equipped and technolo-
gies installed. Therefore, it is possible to give some sort of evaluation
of the current stage. Indeed, more complex evaluation will only be
possible after completion of the construction and its putting into ope-
ration, which is projected for August 2005. Considering the fact that
this is the most extensive mining-construction project in Ostrava at the
time, it is appropriate to submit the already comprehensive informati-
on on the construction and experiences from it.

DESIGN

Design for construction of the collector Ostrava center is a continu-
ation of the collector “Podébradovd”, completed in 1998. The compa-
ny Hutnf projekt Ostrava became general designer of the construction.
The final design was completed in 2000 and the building permit was
granted later that year. The design was integrated into the complex
“Extension of the sewerage system in Ostrava”, for which the munici-
pality acquired financial support of the European Union ISPA fund.
Within this complex, the collector Ostrava center acts as “construction
IT”, while the design “Finalization of sewer collectors™ is the “con-
struction I”, but that is not a subject of this article.

CONTRACTORS

Public tender for the construction contractors proceeded in 2002 and
was won by a consortium “Ostrava collectors”, led by Subterra, a.s.
and supported by Ingstav Ostrava, a.s. The tender was terminated by
contract signing on December 20, 2002. Contractual conditions are sti-
pulated by general EU conditions according to the FIDIC — Red Book,
which means that the contractor realizes the construction based on
design documentation provided by the investor.

BASIC DATA OF THE CONSTRUCTION

Investor Municipality of Ostrava
General designer Hutni projekt Ostrava, a.s.
Contractor consortium “Ostrava collectors”

of Subterra, a.s. (leader) and Ingstav, a.s.

Collector administrator Ostravské komunikace, a.s.

Final design 01/2001
Construction start 01/2003
Estimated completion 30/11/2005
Total collector length 1657.88 m

Collector net cross section 25x29t044 m

— based on diameter of the sewer pipeline
Gallery for the sewer pipeline 111,69 m
Contract price 659 689 464 .- K¢ (excl. VAT)

DESIGN DETAILS

The collector is located within the city center of Ostrava. It begins
at the New City Hall building and passes along Sokolskd street
towards the VZP building, where it turns into street of 28th October,
which is where future central access to the collector is also located.
The collector crosses the Masarykovo square where it divides into two
branches — one of them is a dead-end while the other continues through
Zameckd street, Nadrazni and Jureckova streets all the way to the exis-
ting collector in Podébradovd street.
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o definitivnim prafezu: Je jim podkovovity profil o svétlé sitce 2500
mm a vySce, kterd kolisad v zdvislosti na pruméru kanalizaéniho potru-
bi ve stropé, ale pohybuje se od 2900 mm do 4400 mm. Z divodu této
vysky je nutné vétSinu trasy razit na dvé lavky.

Do kolektoru budou v budoucnu uloZeny tyto sit€: kanalizaéni
potrubi, vodovodni potrubi, horkovod, kabely VO, NN, a dalsi signél-
ni a komunikac¢n{ kabely. Je pamatovano i na eventudlni budoucf insta-
laci plynovodu a parovodu. Kanalizaéni potrubi z odstfedive lit¢ho
sklolamindtu bude ve stropé situovdno na nosniky, ostatni sit¢ budou
vedeny v bocich dila na kompozitovych ldvkach.

Kolektorové piipojky jsou feSeny chrani¢kami vrtanymi z kolektoru
bezvykopové. Pri instalacich se po&itd s postupnym prepojovédnim std-
vajicich siti do kolektoru.

GEOLOGICKE POMERY

Razba probihala v hloubce 10 metrt (pocva) s krytim 2,7 az 6,2 metru.
Typickym geologickym prostiedim bylo rozhran{ terciérnich $térkopisku
ve svrchni &asti profilu a miocénnich jila v jeho podloZi. Ménila se vSak
jednak vyska tohoto rozhrani a také charakter Stérkopisku, které mohou
byt silné zahlinéné, ale i velmi nesoudrzné s propldstky pisku a navazek.
Rovnéz charakter podloznich miocénnich jilu se zdsadné ménil — od jilt
vysokych pevnostnich parametrt az po jily silné rozbridavé a netinosné.
Kolektor probihd v celé délce pod ustdlenou hladinou spodni vody. Na
Masarykové ndmésti se navic vyskytuje asi padesdtimetrovy pds geolo-
gické anomalie — zvodnélych jemnozrnnych piska.

CLENENI DILA
Kolektor je ¢lenén do 3esti realizalnich dseku, které odpovidaji jed-
notlivym pristupovym stavebnim Sachtdm, nazyvanym A — F.

USEK SACHTY A

Ze stavebni Sachty A se razila kanalizaCni Stola, kterd navazuje na vlast-
ni kolektor a je zaclenéna do tohoto projektu. Stola o délce 111,69 m byla
vyraZena, aby se umoZnilo poloZeni sklolaminétového potrubi o pru-
méru 1400 mm, naceZ byly prebyvajici prostory zality popilkocemen-
tem a bylo provedeno propojeni se stdvajicim sbératem. V soucasné
dobé jsou jiz veskeré prace v tomto iseku ukonceny, Sachta byla zasy-
péna a terén v misté byl uveden do puvodniho stavu.

USEK SACHTY B

Na tomto useku probihala razba kolektoru pod ulici Sokolskou.
Vétev smerem k Sachté A byla ukonlena na kontaktu s vyraZenou
kanaliza¢ni Stolou a zakoncena unikovou cestou do podzemnich gard-
7i na ProkeSové namésti (u Nové radnice). Smérem k Sachté C se
kolektor spojil s prot€jsi razbou vétve od této Sachty.

USEK SACHTY C

Sachta C jako jedind ze stavebnich jam zlstane zachovina i po
dokonceni stavby a bude slouZzit jako centrdlni vstup do kolektoru.
Z toho duvodu byla hloubena odlisnou technologii neZ ostatni stavebni
Sachty — s pomoci predvrtdvané pilotové stény. Ze Sachty C smérovala
razba kolektoru jednak k Sachté B pod ulici Sokolskou a jednak smé-
rem na Masarykovo ndmésti, kde se propojila s tsekem Sachty
D v misté komory K 7.

USEK SACHTY D

Ze Sachty D — na Masarykové ndmésti — byla vedena jednak slepa
vétev kolem muzea k budoucimu obchodnimu centru (ukonéena tdni-
kovou cestou) a jednak razba kolektoru podél opacné strany namesti
na ulici Zameckou. Tento dsek spolu s protismérnou razbou ze Sachty
E predstavuje nejdelsi dsek stavby.

USEK SACHTY E

Sachta E je situovana u hotelu Imperidl, kam byla vyvedena tieti tini-
kovd cesta z kolektoru. JiZ bylo zminéno, Ze razba ¢asti kolektoru odtud
pres ulici Zdmeckou na namesti predstavuje nejdelsi, a tedy kriticky dsek
stavby. Na opacnou stranu — pres ulici Nadrazni — vedla druhd ¢ést razby,
kterd se stacela podél paldce Elektra a tam se protala s vétvi dseku F.

USEK SACHTY F

Ze Sachty F byla vedena jednak krdtkd (asi 38 m) razba smérem ke
kolektoru Podébradova v&etné napojeni (komora K 18) a jednak razba

With regards to the
gradient conditions in
the Ostrava city center,
the sewer pipeline is
located at the ceiling of
the structure, which thus
in the end determined the
final cross section. It is
a horseshoe-shape with
net width of 2500 mm
and height ranging bet-
ween 2900 mm and 4400
mm based on diameter of
the sewer pipeline near
the ceiling. Due to this
height, most of the route
length has to be excava-
ted with two bench sequ-
ences. The following uti-
lities will be placed in
the collector: sewer pipe-
line, water pipeline, hot
water pipeline, HV and
LV cables as well as
other signal and commu-
nication cables. Eventual
future installation of gas
and steam feeders is also
considered. The sewer
from centrifugally cast
glassfiber pipes will be
laid on ceiling girders;
the other lines will be
conducted on the sides
laid on composite racks.
Collector connections
realized using casing
pipes, carried out by
boring from the col-
lector.

GEOLOGICAL
CONDITIONS

The excavation proce-
eded in 10 m depth (bo-
tom), with overburden of
2,7 to 6,2 m. The geolo-
gical environment was
typically characterized
by the interfaces betwe-
en Tertiary gravel-sands
in the upper cross section
and Miocene clays in the
underlay. The level of
this interface varied and
so did the type of the gra-
vel-sands, which could
have been strongly
loamy, but also very
incoherent, with layers of
sands and made ground.
Also the type of underly-
ing Miocene clays varied
strongly — from clays
with high strength para-
meters to heavily slus-
hing and unstable. Along
the entire length, the
collector leads below the
stable groundwater level.
There is also an app.
50 m long strip of geolo-
gical anomaly — saturated
fine-grain sands.
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Obr. 1 Celkovd situace kolektoru
Fig. 1 Collector layout plan

Obr. 2 Schematicky rez komorou
Fig. 2 Chamber cross section
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Obr. 3 Schematicky rez s vystrojenim
Fig. 3 Support cross section



Obr. 4 Pohled na komoru K7
Fig. 4 View of the chamber K7

kolektoru podél Domu umeéni k paldci Elektra. Tunel v tomto tseku
nebude obsahovat kanaliza¢ni potrubi, a proto je jeho svétld vyska jen
2900 mm, coZ umoznilo razbu plnym profilem.

REALIZACE STAVBY

Partnerské firmy ve sdruZenf si rozdélily jednotlivé dseky néasledovné:
dseky A, B a C provddi Ingstav Ostrava a dseky D, E a F zajistuje Sub-
terra, a. s. Obé firmy postupovaly pfi razbdch stejnou technologii — tedy
klasickym hornickym zpasobem s vylomem ru¢nim, odt€Zenim kolejo-
vymi prehazovacimi naklada¢i a primdrni vyztuzi v kombinaci prihra-
dovd vyztuz a stitkany beton. Obé firmy aplikovaly nésttik suchou ces-
tou. Z divodu nepiiznivé a navic velmi proménlivé geologie se po celou
dobu razby provédélo zajisténi predpoli pomoci injektaZnich deStniku.
VyuZivala se budto chemick4 injektdZ (polyuretanové pryskyfice), nebo
injektdZ cementova. V exponovanych dsecich pod tramvajovymi tratémi
apod. se pouzila tryskova injektdZ nebo mikropilotovy destnik.

Béhem let 2003 probihaly prace na ZS, déle se provddély prelozky
sitf, hlouben{ stavebnich jam, razba kanaliza¢ni Stoly a razba horni lavky
kolektoru, kterd byla definitivné ukonéena v prvnim Ctvrtleti roku 2004.
V tomto roce dédle probihala razba spodni lavky, vrtdni kolektorovych
chrdniek, vystavba tinikovych vystupt, definitivni osténf a izolace.

KOLEKTOROVE KOMORY

V mistech budouctho odbocdeni vétvi jsou situovany kolektorové
komory. Je jich naprojektovano celkem 21 a jejich rozméry se znaéné
ruzni. étyﬁ z téchto komor (K1, K5, K7 a K12) jsou vzhledem k nut-
nosti vykfiZzen{ kabelovych ldvek dvoupatrové. Pravé budovéni téchto
komor — navic v nékterych piipadech v mistech s frekventovanou auto-
mobilovou i trolejbusovou dopravou — predstavovalo jedny z nejobtiz-
néjsich dkolt na celé stavbé. Vzhledem k velmi proménlivym geolo-
gickym pomérum se k jejich realizaci pristupovalo ruzné, jak bude
patrné z nasledujicich prikladu.

KOMORA K1

Komora K1 je nejvétsi komorou celé stavby a navic se nachdzi pod
jednou z nejrusnéjiich kfizovatek mésta — pod kfizenim ulic Ceskobra-
trskd a Sokolskd. Je nutno fici, Ze celd razba komory v obou lavkich
probihala bez jakéhokoli vylouceni ¢i omezeni dopravy na povrchu.
V prvni ldvce se proto razilo pod ochranou mikropilotovych destnika.
V prvni ldvce se soucasné pod ochranou mikropilotovych destniku rea-
lizovalo i odbo&eni do ulice Ceskobratrskd. Toto odboceni bylo zajists-
no podpérnou vyztuZi z ocelovych sloupku a nosnik, pfi¢emz zaloZe-
ni podpérnych sloupt je opét feSeno pomoci mikropilot. Po dokoncen{
komory ve druhé ldvce se pod vetsi Easti komory vyrazil dva metry hlu-
boky sklipek, kterym celkovd vySka komory dosahla sedmi metra, pii-
Cemz kryti nadlozi pod kiizovatkou je pouze 3,5 metru. Velmi podobné
se provéadela i komora K35.

KOMORA K7

Komora K7 je dalsi sklipkovou komorou na trase kolektoru, kterd
byla podobné jako komora K1 naprojektovana s odbockou zajisténou
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CONSTRUCTION SECTIONS

The collector is divided into six construction sections, which cor-
respond to separate accessing construction ditches, referred to as A-F.

DITCH A SECTION

A sewer gallery, which links to the collector and is integrated into
this project, was excavated from the construction ditch A. 111,69
m long gallery was excavated in order to enable placement of the
glassfiber reinforced plastic (GRP) pipeline of 1400 mm diameter,
while the remaining space was filled up with ash-cement mixture and
connection with the existing collector realized. As of now, all works in
this section are completed, ditch is covered and the local terrain retur-
ned to its original state.

DITCH B SECTION

In this section, collector excavation proceeded below Sokolska stre-
et. Excavation towards the ditch A was finished when in contact with
the already excavated sewer gallery and terminated by emergency exit
into underground garages at ProkeSovo square (near the New City
Hall). In direction towards the ditch C, excavation connected to the
opposite excavation.

DITCH C SECTION

As the only one of the construction ditches, the ditch C will remain
in place after the construction is complete and will serve as central
access to the collector. Because of this, it was realized using a different
technology than the other construction ditches — using secant bored
pile walls. From here, the excavation proceeded both backwards to the
ditch B below Sokolska street and towards Masarykovo square, where
it connects to ditch D section in the K7 chamber.

DITCH D SECTION

Starting from ditch D at the Masarykovo square, excavation proce-
eded into dead-end around the museum towards the future shopping
center (terminated by emergency exit) and the collector excavation
continued along the opposite side of the square towards Zamecka stre-
et. Along with opposite excavation from the ditch E, this section repre-
sented the longest construction section.

DITCH E SECTION

The ditch E is located near the Imperial hotel, where the third col-
lector emergency exit was built. As was already said, this excavation
continues from here through Zamecka street towards the square and
represents the longest and thus critical construction section. Second
part of the excavation went the opposite way along Nadraznf street, it
turned around the Elektra palace and there intersected with the section
F excavation.

DITCH SECTION F

From here, one short (app. 38 m) excavation including the connecti-
on (chamber K 18) was realized in direction towards the collector Podé-
bradova, the other along the House of Arts towards the Elektra palace.
Tunnel in this section will not contain pipelines, and therefore its net
height of 2900 mm allowed excavation with only one bench sequence.

CONSTRUCTION REALIZATION

The partner companies in the consortium divided up the separate
sections in the following way: sections A, B and C will be realized by
Ingstav Ostrava while the D, E and F by Subterra, a.s. Both compani-
es applied the same excavation technology — the conventional mining
method with manual rock breaking, rock removal using track-bound
overhead loaders and primary lining consisting of lattice girders and
shotcrete. Both companies used the dry process of the shotcrete appli-
cation. Due to unfavorable and highly variable geology, front zone was
secured by grouting umbrellas at all times during the excavation. Eit-
her chemical (polyurethane resins) or cement grouting was adopted.
Jet grouting or canopy tube pre-support were used within busy secti-
ons below tramlines, etc.

During 2003, work on the basic construction proceeded, while realized
also were grid diversions, digging of the construction ditches, excavation
of the sewer collector and upper collector platform, which was finally
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ocelovymi sloupy a nosniky. Tato komora se nachdzi na okraji Masa-
rykova ndmésti a souCasné predstavuje hranici mezi dsekem Ingstavu
a Subterry. Zde byla vzhledem k velmi nestabilnim pidnim pomérim
pouZita jako metoda zabezpeCeni predpoli razby tryskovd injektdz.
Podpérné sloupy zde byly osazeny na vertikdlné vytryskané pilife,
které se realizovaly souCasné s injektdzi.

KOMORA K12

Jinym pripadem byla dalsi sklipkovd komora — komora K12. Tato
komora se provédéla jako prvni ze vSech komor na stavbe a vzhledem
k tomu, Ze znalost geologického prostiedi byla v té dobé jesté mald,
byla pouZita cementovad injektaz z Celby ke zpevnéni predpoli. I z této
komory se realizovala odbocka, a to velmi komplikovand, protoze
predstavovala tinikovy vychod z kolektoru — po odboceni ndsledovala
dovrchni chodba do podzemnich garazi hotelu Imperidl. Toto odboce-
ni se neprovedlo podpérnymi sloupy, ale pomoci prevdzkovych nosni-
ki v klenbé dila. Vzhledem k obavdm statikd o budovu hotelu byla
navic Sikma tinikova chodba z komory razena pod ochranou mikropi-
lotové clonici stény.

OCHRANA POVRCHOVYCH OBJEKTU

Vzhledem k situovéni dila do centra mésta a bezprostredn{ blizkosti
objektt panovaly samoziejmé obavy o jejich stabilitu. Projekt nestano-
vil dopredu, které objekty se maji zabezpeCovat, ani kdy a jakym zpu-
sobem. Toto bylo feSeno na tzv. odbornych komisich, kterych se zicast-
novali zdstupci investora, projektanta a zhotovitele spolené se statiky.

Zde bylo rozhodnuto chrénit v predstihu ty nejohrozenéjsi objekty
pomoci podzemnich clonicich stén. Objekty krajského soudu a lidové
Skoly uméni na ulici Sokolské byly chrdnény podzemni mikropiloto-
vou sténou, podobné jako jiZz zminény hotel Imperidl. Objekt méstské
policie a muzea (oba na Masarykové ndmésti) byl chranén clonicf sté-
nou provadénou tryskovou injektdZzi z povrchu. V piipadé Domu
uméni se provedla plo$nd injektaz ¢asti podzakladi pomoci chemické
injektdZe — zde se ovSem nejednalo o opatfeni preventivni, ale o reak-
ci na stav, kdy pokles budovy pfi provddéni razby presdhl varovné
hodnoty stanovené projektem.

V3echna opatfeni méla prokazatelné velmi dobrou G¢innost a zejmé-
na u clonicich stén, kdy byla Casto diskutovéna jejich finan¢ni naro¢nost,
je tieba fici, Ze zcela eliminovaly sebemensi projevy razby kolektoru na
zminéné budovy. Timto zpusobem se podafilo dosahnout toho, Ze namé-
fené poklesy a ndklony budov nepreséhly projektem predpokladané kri-
ky vyznamné problémy na objektech. K tomuto bodu se ale urcité bude
nutné vratit po definitivnim nastoupén{ hladiny spodni vody na ptivodn{
hodnoty a po peclivém studiu vysledki monitoringu. (Méfeny byly
vSechny budovy podél stavby, ddle hladiny spodni vody, hodnoty pokle-
sové kotliny na povrchu a samoziejmé konvergence v dile.)

VRTANE CHRANICKY

Projekt kolektoru Centrum obsahoval vice neZ sedm kilometru vrta-
nych kolektorovych chréanicek o pramérech 200, 300 a 400 mm, které

0br. 5 Celba pro tryskovou injektds
Fig. 5 Excavation face for jet grouting

Toel

completed in the first quarter of 2004. Throughout this year, excavation
of the lower bench further continued, holes for casing pipes were bored,
and emergency exits, final lining and waterproofing carried out.

COLLECTOR CHAMBERS

Collector chambers are located in places of a future branch junction.
There are altogether 21 of them designed and their dimensions vary
greatly. Four of these chambers (K1, K5, K7, K12) are double-story
due to the crossing of cable tray paths. It is the realization of these
chambers — moreover in several cases in locations with busy car and
trolley-bus traffic - that represented the most complicated tasks of the
entire construction. Solutions to these tasks were carried out different-
ly due to variable geological conditions, as is apparent from the follo-
wing examples:

K1 CHAMBER

K1 chamber is the largest chamber of the entire construction and on
top of that is located below one of the busiest city junctions — of Ces-
kobratrska and Sokolska streets. It is necessary to point out that excava-
tions of the chamber in both benches proceeded without any limitations
of surface traffic whatsoever. Therefore, excavation of the first bench
was realized under the protection of micropile umbrellas. In the same
way, the branching into Ceskobratrska street was also realized under the
protection of micropile umbrellas. The branching point was designed
with support provided by columns carried out as micropilots. Following
completion of chamber in the second bench, a 2 m deep cellar was still
excavated below larger part of the chamber, which extended the total
chamber height to 7 meters, while there is only 3,5 m of overburden
below the junction. The K5 chamber was realized in a very similar way.

K7 CHAMBER

K7 chamber is another cellar-type chamber on the collector path,
which was designed with the branching point carried out in the same
way as in the chamber K 1. This chamber is located on the rim of Masa-
rykovo square and represents a border between the sections of Ingstav
and Subterra. With regards to the locally very unstable soil conditions,
jet grouting in the excavation front zone were used as a safety measu-
re. The columns were installed on vertically jetted pillars that had been
realized simultaneously with the grouting.

K12 CHAMBER

Another cellar-type chamber — K12 — is a different case. This chamber
was realized as the first one of all and, considering the fact that there was
very limited knowledge about the geological environment, it was realized
with step-by-step cement grouting — thus with a reinforcing grouting of
the front zone realized prior to each advance. There was a further bran-
ching from this branch, and a very complicated one, since it represented
an emergency exit from the collector — upward corridor into underground
garages of the Imperial hotel followed after turning. This branching point
was not realized using the columns, but rather using walers at the struc-
ture’s vault. As structural engineers were concerned about the hotel buil-
ding, the sloping emergency exit corridor was excavated from the cham-
ber under the protection of micropile screening wall.

PROTECTION OF SURFACE STRUCTURES

Considering the location of the construction in the city center, imme-
diate vicinity of structures naturally raised doubts about their stability.
The design did not a priori specify which structures are to be protected,
nor when or how this should be done. This was dealt with in the so-cal-
led expert committees in which representatives of the investor, designer
and contractor all took part along with structural engineers.

Here it was decided to protect the most vulnerable structures using
diaphragm walls. Buildings of the District courthouse and Elementary
art school in Sokolska street were protected by a micropile diaphragm
wall, in the same way as the already mentioned Imperial hotel. Buil-
ding of the City police department and museum (both at Masarykovo
square) was protected using a diaphragm wall that was realized by jet
grouting from surface. In case of the House of Arts, areal grouting of
partial foundation bed was realized using chemical grouting — howe-
ver, this was not a preventive measure, but rather a reaction to the situ-
ation when settlement of the building already exceeded alarming valu-

es as determined by the design.




Obr. 6 Pohled na celbu s rozhranim geologickych vrstev
Fig. 6 View of the face with the interface of geological layers

budou slouZit pro budouci pfipojky vody, horkovodu, kanalizace
a kabell. Jejich vrtdni v centru mésta protkaného hustou siti kabeld,
potrubi a jinych dusledku lidskych aktivit predstavoval dal3i vyznam-
ny problém pro zhotovitele a jeho subdodavatele. Tyto problémy
zejména zna¢né prodlouzily predpoklddanou dobu vrtani, takze bylo
nutno tyto operace provadét soubézné s dal§imi Cinnostmi a operativ-
né ménit planované postupy. Doslo také k nékolika kolizim se stavaji-
cimi sit€mi, coZ v jednom pripadé znamenalo i navrtdni plynového
potrubi a vznik mimorddné situace v centru mésta. Nicméné nazor vét-
Siny zainteresovanych stran je, Ze s ohledem na podminky ve mésté §lo
jeste stéle o tnosny vysledek.

IZOLACE

PrestoZe se cely kolektor nachdzi pod hladinou spodni vody a mist-
ni pritoky byly v nékterych dsecich velmi vysoké, v projektu nenf
navrzena izolace mezilehld, ale jen na vnitrn{ strané dila ve forme tzv.
krystalizaéni hmoty (v daném pripadé€ systém Vandex). Tato izolace se
stfikd pfimo na definitivn{ osténi dila, které je stejné jako osténi pri-
madrni ze stiikaného betonu. Proto bylo nutné dilo pred aplikaci systé-
mu dusledné otryskat a zat€snit v mistech vyznamnéjsich pritoku. Po
aplikaci krystaliza¢niho ndstfiku na stény dila pokracovala izolace
podsypem pod definitivni podlahu a izola¢nimi pasky na styku podla-
hy s osténim. Uéinnost zvoleného zptisobu izolace (zatim se jevi jako
uspokojivy) bude lepsi zhodnotit az s vétSsim Casovym odstupem po
ukonceni a predéni stavby.

ZKUSENOSTI Z DOSAVADNIHO PRUBEHU VYSTAVBY

Jak se predpoklddalo — nejvetsi problémy pii razbdch byly zpusobeny
nepriznivou a ménici se geologii v centru Ostravy. Kli¢ovou otdzkou se
stalo zvladnuti stabilizace predpoli razby. Tady se ukézalo, Ze v ostrav-
skych podminkdch bude sloZité hledat univerzalni zpusob feSeni a Ze
toto feSen{ bude nutno pruzné prizptsobovat aktudlnimu stavu na celbé.

Dalsi potiZe vznikaly v souvislosti s realizaci kolektorovych chrani-
Cek — jednak vlastni vrtani v dané geologii bylo obtiZnéjsi neZ napr.
v Brné ¢i Praze a jednak se vyskytovaly obvyklé problémy s neceka-
nymi pozicemi stdvajicich siti.

Do jisté miry byl problémem i stiet s vefejnosti a predstaviteli mésta
a zejména v letnim obdobi byla stavba kolektoru a kolektor samotny
podroben Casto i mediélni kritice. Tyto otdzky vSak byly postupné rov-
néz vysvétleny a vztahy se zlepSily. V soucasné dobé lze fici, Ze stav-
ba — byt'se jednd o kolektorovy tunel v samém centru Ostravy — nena-
ruSuje Zddnym zpusobem dopravni situaci mésta a jeji vliv na Zivoty
ob¢ant je minimdlni a v podstaté se omezuje na zdbory vefejnych pro-
stranstvi u téZnich Sachet.

V dobé napsani tohoto ¢lanku — tedy na pocéatku tfetiho roku vystav-
by — probihala stavba v souladu s ¢asovym harmonogramem.

ING. KAREL FRANCZYK, SUBTERRA, a. s., kfranczyk@subterra.cz

14. rocnik - €. 3/2005

All measures have had a verifiable solid effectiveness and especial-
ly concerning the diaphragm walls, when their financial burden was
questioned, it is necessary to emphasize that they totally eliminated all
impacts of excavation on these buildings. Thus, it was achieved that all
measured settlements and tilting of buildings did not exceed critical
values as estimated by the design and truly until present day no seri-
ous structural problems of structures have appeared. Nonetheless, this
issue will have to be dealt with again after groundwater returns to the
original level and monitoring results are carefully examined (measure-
ments were carried out for all buildings along the construction, as well
as groundwater level, surface settlement, and of course structure con-
vergence measurements).

BORING FOR CASING PIPES

Design of the Center collector contained more than 7 km of casing
pipes - collectors with diameters of 200, 300 and 400 mm, which will
serve for the future connections of water, hot water, sewerage and cab-
les. Their realization in the city center, glutted with dense grids of cab-
les, pipelines and other products of human activity, represented anot-
her significant problem for the contractor and his subcontractors.
Mainly, these problems severely prolonged the estimated schedule of
boring, so that these operations had to be carried out simultaneously
with other activities while pre-planned procedures had to be changed
operatively. There were also several collisions with the existing net-
works, which in one case meant hitting a gas pipeline and causing an
emergency situation in the city center. Yet, most parties concerned
agree that, considering the urban conditions, it was still a satisfactory
achievement.

WATERPROOFING

Despite the fact that the entire collector is located below the ground-
water level, where local inflows were very high in some sections, there
is no intermediate waterproofing layer proposed in the design, but rat-
her only waterproofing of inner side of the structure using the so-cal-
led crystallizing compound (in this case the Vandex system). This
material is sprayed directly on final lining of the structure, which is
formed by shotcrete just as the primary lining. Therefore, it was neces-
sary to carry out thorough sandblasting of the structure and pre-sealing
of the places of higher inflows prior to application of this system. Fol-
lowing the crystallizing spray application on the structure walls, the
operation continued by filling up the space below final floor and app-
lying sealing tapes at the contact of floor with the lining. Effectiveness
of the selected waterproofing method (so far appearing as satisfactory)
will be better evaluated in the course of time after completion and
hand-over of the structure.

EXPERIENCE FROM THE CONSTRUCTION PROCESS

As had been expected, largest problems during the excavations were
caused by unfavorable and variable geology in the Ostrava city center.
The key issue was to master the stabilization of the excavation front
zone. Here it was discovered that it would be complicated to find a uni-
versal method of solution, and that it would rather have to be flexibly
adjusted to local conditions at the face.

Other complications arose in connection with realization of the col-
lector casing pipes — firstly, the boring within the given geology was
more difficult than for instance in Prague or Brno, and secondly, there
had been frequent problems with unexpected positions of the existing
utilities.

In a way, there had also been the problem of conflicts with the pub-
lic and municipality officials. Especially during the summer months,
the collector construction and the collector itself were often subjected
to criticism in the media. However, these issues were gradually expla-
ined over time and the relations improved. Currently it can be said that
the construction — although it is a collector tunnel in the very heart of
Ostrava — does not disturb traffic in the city and has a minimal impact
on citizens’ lives. In essence, it is limited to occupation of public areas
near the mining shafts.

By the time this article was written — at the beginning of a third year
of construction — the construction proceeded in accordance with the
time schedule.

ING. KAREL FRANCZYK, SUBTERRA, a. s., kfranczyk@subterra.cz
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Toel

VYSTAVBA HLOUBENE STAVEBNI JAMY
VYCHODNIHO PORTALU TUNELU NOVEHO SPOJENI V PRAZE

NEW CONNECTION PROJECT - EXCAVATION FOR
THE EASTERN PORTALS OF THE TUNNELS, PRAGUE

MICHAL GRAMBLICKA, DAVID CYRON, JOSEF TESKA, MILAN KOSSLER

uvob

Vychodni portély tuneld Nového spojeni jsou umistény v pifkrém
severovychodnim svahu vrchu Vitkova, 15 m pod portdlem stavajiciho
jednokolejného Zizkovského Zelezni¢niho tunelu mezi dvéma provozo-
vanymi Zelezni¢nimi tratémi. Horn{ vede z Vyso€an a Libné na Hlavn{
nadrazi a dolni na Masarykovo nddrazi. Na tunel navazujf dalsi stavebn{
objekty — dvoukolejné mostni estakddy, zdrubni zdi a tzv. tunelovy most.
Extrémni sklon svahu od 35 do 50° predurcily pro realizaci hloubenych
stavebnich jam prostor asi 125 m dlouhy a pouze 37 m Siroky, kdyZ vys-

v

nym moznym pristupem pro vystavbu portalu je provizorni komunikace
vytvorend po vrstevnici kopce mezi Zelezni¢nimi tratémi a nédjezdovd
rampa az k usti soucasného tunelu.

Vsechny tyto faktory zvladl zhotovitel presnou koordinaci stavebnich
postupt a predev§im dopravou materidli i v dobé krajné nepiiznivého
zimntho obdobi. Vystavba stavebnich jam vychodniho (vyjezdového)
portélu byla zahdjena v listopadu minulého roku.

Obr. 1 Celkovy pohled na portdl
Fig. I Overall view of the portal

PROJEKT

Projekt predpoklddal postupnou vystavbu svislych stén ve dvou eta-
pach, kdyz prvni je od vysky 242,40 m n. m. po 228,0 m n. m., a druhd
pak az na dno stavebni jamy v drovni 212,60 m n. m. Jednotlivé stupné
odebirdni horninového masivu jsou vzddleny 3,5 m, kdyZ ndvrtny bod
pro kotvy byl umistén 0,5 m od roviny vytéZené lavice. Sitka jednotli-
vych lavic byla proménlivd, kdyZ nejuzsi méla pouze 4 m, nejSirsi je na
drovni cca 220 m n. m., a to 39 m.

Nosny systém stén je tvoren mikropilotami osazenymi ocelovou trub-
kou & 108/16 mm, délek od 12 do 21 m s osovou vzdalenosti 1,0 m,
opatfenych vrstvou siti armovaného stifkaného betonu SB20 tl. 0,20 az
0,25 m. Sténa je kotvena predepjatymi horninovymi pramencovymi kot-
vami pro trvalé pouziti, kdyZ konstrukei kotev tvori tdhlo se 6 a 4 pra-
menci (J 15,5/1620 MPa), dlouhych 10 az 22 m s antikorozni ochranou
celé délky kotvy. Vnitrni cementovy kdmen v kofenové Casti se ziskal
vyplnénim vnitintho prostoru ihned po vloZeni kotvy do vrtu. Délky
kofent jsou 6,0 a 50 m. Kotvy byly predepnuty na 720 a 470 kN,
zkuSebni sily byly 1008 a 658 kN.

INTRODUCTION

The eastern portals of the tunnels of the New Connection railway project
are located in the steep north-eastern slope of Vitkov Hill, 15m under the por-
tal of the existing single-track tunnel Zizkov, between two operating railway
lines. The upper line leads from VysoCany and Liben districts to the Prague
Main Station, and the lower one to Masaryk Station. There are other structu-
res linking to the tunnel, i.e. double-track viaducts, revetment walls and a so-
called tunnel bridge. The extreme gradient of the slope ranging from 35 to
50° pre-destined an area only about 125m long and 37 m wide to be used for
the excavation of construction trenches. The difference between the levels of
the highest and lowest spot of the trench amounts to 30m. The only access to
the portal construction site is possible via a temporary road running along the
hill level line between the railway tracks and an approaching ramp leading up
to the mouth of the existing tunnel.

The contractor managed to cope with all these factors owing to precise co-
ordination of construction processes and, above all, co-ordination of tran-
sportation of materials even in the critically unfavourable weather in the win-
ter season. The work on the construction trenches for the eastern (exit) portal
started last year, in November.

DESIGN

The design expected the construction of vertical diaphragm walls divided
into two phases, with the first phase from the altitude of 242.40m as.l. to
228.0ma.s.l., and the other going down to the bottom of the excavation found
at the altitude of 212.60m as.l. Individual rock excavation benches are
3.5m high, with the drilling for anchors carried out 0.5m above the particular
platform level. The width of the platforms varied from mere 4m at the narro-
west level to 39m at the widest level, at about 220m a.s.l.

The structural system of the walls consists of micropiles and prestressed
stranded anchors. The micropile wall was formed by 12 to 21m long steel
tubes & 108/16 mm installed at 1.0m spacing, covered with a 0.20 to
0.25m thick layer of sprayed concrete SC20. The 10 to 22m long pre-stressed,
stranded rock anchors for permanent use consisted of 6 and 4 strands respec-
tively (& 15.5/1620MPa), provided with corrosion protection along the entire
length of the anchor. The cement grouting of the anchor root was carried out
immediately after the insertion of the anchor into the borehole. The anchor
roots are 6.0 to 5.0m long. The anchor pre-stressing forces of 720 and 470 kN
were applied, while forces of 1008 and 658 kN were used for the testing.

The heads of the micropiles were contained in a reinforced concrete cap-
ping piece 1.50 x 0.60m (concrete C16/20, steel 10 505). Walers consist of
pairs of rolled-steel sections U200, with the space between the steel sections
filled thoroughly with shotcrete. The reinforced concrete cap is provided with
pipe railing protecting persons from falling down, and a steel (or timber) guard
board preventing stones from falling down. There is a drainage duct up to
0.50m deep, sufficiently capable of evacuating storm water, behind the rein-
forcing capping piece along the circumference of the cut-and-cover section.

The structural analysis of the walls was carried out using the method of
dependent pressures and the methodology for assessment of stability of
anchored rock walls. The rock pillar between the northern construction trench
and the cut-and-cover tunnel was also assessed, in the framework of the
structural analysis of the primary support of the southern Vitkov tunnel by the
Finite Element Method. It was decided on the basis of the above-mentioned
calculations that a system coupling the rock pillar with the tunnel lining
would be applied. The calculations also determined the procedure to be used
for the excavation of the northern cut-and-cover section of the construction
trench, which the northern Vitkov tunnel excavation will commence from.
The designer also assessed the overall stability of the slope during the main

phases of the works.
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Obr. 3 Pri¢ny Fez stavebni jamou v km 2,655
Fig. 3 Cross section through the construction trench at km 2,655

Hlavy mikropilot byly upnuty ve ztuZujicim Zelezobetonovém vénci
1,50x0,60 m z betonu C16/20, ocel vyztuz 10 505. Pfevézky na sténdch
jsou tvoreny dvojici ocelovych vélcovanych profild U200 s prostorem
mezi nimi disledné vyplnénym stifkanym betonem. Zelezobetonovy
vénec je opatren trubkovym zdbradlim proti padu osob a ocelovou (alt.
dfevénou) zdbranou proti padu kameni. Za ztuZujicim véncem po obvo-
du hloubeného tseku je odvodnovaci Zlab hloubky az 0,50 m s dosta-
te¢nou schopnosti odvadeét srazkovou vodu.

Staticky vypocet konstrukce stén byl provedeny metodou zavislych
tlaka a metodikou pro posouzeni stability kotvenych skalnich stén. Pfi
vypoctu a posouzeni razby primdrniho osténi jizniho Vitkovského tunelu

Obr. 4 Zahdjeni praci
Fig. 4 Works commencement
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A utility tunnel owned by PraZzskd Energetika,
with a sewer branch from Zizkov to Karlin running
just next to this tunnel, pass under the bottom of the
construction trench in the most complicated place
where the rock pillar is only 6m wide. None of those
structures, however, will be threatened by the exca-
vation of the construction trench.

CONSTRUCTION WORK

Phase 1

The construction trench was excavated in two
steps, two consecutive phases respecting the detai-
led design. The Phase 1 operations started by the
development of an access ramp from the altitude of
215m as.l. to the 225m a.s.l. working level at the
portal of the Zizkov tunnel. Then a 4.0m wide wor-
king platform for the drilling set was created by
excavating the rock from the 240m as.l. level to
2250m a.s.l., and the entire crown of the portal
trench was sloped at 1V:1H. The whole 45m long
micropile wall and the reinforced concrete capping
piece were built from this platform. Mobile concre-
te pumps were utilised for the casting. The concrete
delivery height reached even 25m. Once the reinforced concrete cap had been
finished, the drilling, installation and activation of the highest tier of the
22m long 6-strand anchors took place. After the activation of the cable
anchors embedded in the reinforced concrete waler, the first bench was exca-
vated. The excavation was catried out in a manner preventing overbreaks bet-
ween the vertical micropiles as much as possible. A roadheader was used for
this purpose to remove the rock from the wall surface.

A total of 58 cable anchors (11 to 22 m long, 6m long roots) were installed
in the Phase 1. The vertical wall of a maximum height up to 12 m consists of
135 pieces of 9m long micropiles drilled from the level of 238.50 m as.l.,
and the 130m long R.C. capping piece with the cross-section dimensions of
1.5 x 0.6 m. The reinforced sprayed concrete cover is 0.20 m thick.

Phase 2 SO 803

The Phase 2 operations started immediately after the completion of the
Phase 1 operations in February 2005. For the co-ordination reasons and to
make the work on the cut-and-cover section more efficient, the Phase 2 was
sub-divided. This is how the separate work places, i.e. the southern construc-
tion trench and northern trench, originated. The circumference of the con-
struction trench was further divided in the Phase 2, i.e. into the southern wall,
portal wall of the southern tunnel, central wall, portal wall of the northern
tunnel, and the northern wall.

This division gave rise to sufficient space for parallel working on indivi-
dual items of the works, i.e. drilling for micropiles and cable anchors, casting
of the capping pieces, application of shotcrete on the walls, and excavation.

SUPPORT OF THE CONSTRUCTION TRENCH SIDES IN THE PHASE 2

Southern side — a 64.0 m long wall, from the portal of the Zizkov tunnel
and the mined tunnel portal. It consists of 21.0 and 24.0 m long vertical

Obr. 5 Bednéni vénce na iirovni 240 m n. m.
Fig. 5 Formwork for the capping piece at 240 m a.s.l.
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metodou kone¢nych prvki byl také posouzen horninovy pilif mezi sever-
ni jamou a razenym tunelem. Na zdkladé téchto propoctu bylo rozhod-
nuto o systému spindni pilife a osténi tunelu. Tyto vypolty také predurci-
ly postup pfi hloubeni severni hloubené asti stavebni jamy, ze které bude
razen severni Vitkovsky tunel. Projektant posoudil také celkovou stabili-
tu svahu v rozhodujicich etapach vystavby.

V misté nejkomplikovangjsim, kde horninovy pilif je pouze 6 m tlusty,
vede asi 22 m pode dnem stavebn{ jamy kolektor Prazské energetiky a tésné
vedle vétev kanalizace ze Zizkova do Karlina. Vystavbou hloubené staveb-
ni jdmy vSak zddny z téchto podzemnich objektd nebude ohroZen.

REALIZACE

1. etapa

Hlouben4 stavebni jama byla postupné realizovdna ve dvou po sobé
jdoucich etapach respektujicich realizacni projektovou dokumentaci.
Prdce na 1. etapé zaCaly vytvorenim ndjezdové rampy z drovné 215 m n.
m. na pracovni droven 225 m n. m. u portlu Zizkovského tunelu. Poté
byla odt¢Zena hornina v $ifce 4 m jako pracovni lavice pro vrtnou sou-
pravu od drovné 240 m n. m. do 225 m n. m. a uskute¢nilo se vysvaho-
véni celé koruny portdlové jamy ve sklonu 1:1. Z této lavice pak byla pro-
vedena celd mikropilotova sténa dl. 45 m a ztuzujici Zelezobetonovy
vénec, kdyZ betondZ probihala pomoci mobilnich Eerpadel, kterd dopra-
vovala beton az do vysky 25 m. Po betondZi Zelezobetonového vénce pak
byly navrtdny, osazeny a aktivovany 6pramencové kotvy dl. 22 m nej-
vyS§i kotevni drovné. Po aktivaci lanovych kotev v Zelezobetonové pre-
vézce probéhlo odtéZeni prvni etdZe stavebni jamy s ohledem na co
nejmensi vznik nadvylomu mezi svislymi mikropilotami. K tomuto
tcelu pak byly na docisténi stén pouzity skalni frézy.

V 1. etapé bylo v jizni sténé osazenych 58 lanovych kotev dl. 11 a7 22 m
dlouhych, délka kotene je 6 m. Svislou sténu maximdlni vysky az 12 m tvoii
135 mikropilot dI. 9 aZ 21 m vrtanych z drovné 238,50 m n. m. a 130 m ZIb.
prahu 1,5 x 0,60 m. Tloustka armovaného stfikaného betonu je 0,20 m.

2. etapa SO 803

Prdce na 2. etapé zaCaly bezprostfedné po dokonceni 1. etapy v tinoru
2005. Z divodu koordinace a zefektivnéni praci pii vystavbé hloubené-
ho dseku byla celd etapa rozdélena na severni a jizn{ stavebni jamu, ¢imZ
vznikla oddélend pracovisté. Obvod stavebni jamy v 2. etapé byl pak
jeste rozdélen na jizni sténu, portdlovou sténu jizniho tunelu, prostredni
sténu, portdlovou sténu severniho tunelu a severni sténu. Timto rozd¢le-
nim vznikl prostor pro soub¢h jednotlivych praci, tj. vrtani mikropilot,
lanovych kotev, betonaz vénct, stifkdni stén a odtéZzovani.

ZAJISTENI STEN V 2. ETAPE

Jizni sténa dl. 64 m od portélu Zizkovského Zelezni¢niho tunelu a k por-
talu razeného tunelu sestdva ze svislych mikropilot dl. 21 a 24 m vrtanych
z tdrovné od 228 m n. m. Je kotvend 64 ks lanovych 4pramencovych
trvalych kotev ve 3 kotevnich drovnich (225 m n. m., 221,50 m n. m.
a218 m n. m.), ve sklonech od 10 do 45°, které byly operativné upravo-
vany tak, aby koreny kotev byly upnuty do pevnéjsich vrstev.

Prostredni sténa dl. 62 m byla mezi portdlem jizntho raZeného tune-
Iu a hloubenym tsekem severniho tunelu provedena ze svislych mikro-
pilot dl. 21 a 24 m vrtanych z drovné od 228 m n. m. po 229,50 m n. m.
v poctu 74 ks a z 23 ks dl. 9 m vrtanych z trovné 232 m n. m. Horn{ ¢dst
stény byla kotvend 7 ks trvalych horninovych 4pramencovych kotev dl.
15 m s 5 m dl. injektovanym kofenem. Zelezobetonovy prah v hlavich
mikropilot je dlouhy 24 m a je zalomeny na dl. 15,75 m. Dolni ¢4st stény
je tvorena dvéma tseky s rozdilnou osovou vzddlenosti mikropilot. Od
razeného portdlu severniho tunelu je v délce tseku 27 m 27 ks svislych
mikropilot v osové vzddlenosti 1 m a v dal$i 35 m dlouhé ¢dsti jsou mik-
ropiloty v osové vzddlenosti 0,75 m. Hlavy mikropilot jsou pak ztuZeny
armovanym Zelezobetonovym véncem $itky 0,60 m a vysky 1,50 m.

Severni sténa dl. 100,0 m je tvofena svahem ve sklonu 2:1. Ochranu
a stabilitu skalniho svahu pred nepfiznivymi povétrnostnimi podminka-
mi a v mistech s lokdlnim poruSenim zabezpecuje vrstva vyztuZeného
stifkaného betonu v tl. 0,10 m a 1 x vyztuZni sit' 150 x 150/ 6 x 6 mm.

Névaznost jednotlivych operaci v 2. etapé

1. Dokonceni kotveni a hloubeni stén priléhajicich k jiZznimu tunelu
v&etné stény jizniho razeného portdlu a vrtdni svislych mikropilot se
ztuzujicimi prahy prostfedn{ stény.

2. Postupné odtéZeni jizni jamy na droven razby kaloty jizniho tunelu
216,60 m n. m. Na portdlové sténé jizniho tunelu byl proveden mik-
ropilotovy deStnik v délce 15 m tak, aby bylo moZné realizovat
razby jizniho Vitkovského tunelu pod jeho ochranou. Prostor pro
severn{ hloubeny tunel byl do¢asné vysvahovany a stabilizovany.

Obr. 6 Kotveni na trovni 232 m n. m.
Fig. 6 Anchoring at 240 m a.s.l.

micropiles drilled from the 228.00 m a.s.l. level. It is supported by 64
pieces of 4-strand permanent cable anchors installed in three tiers
(2250 m a.sl.,221.50 m a.s.l. and 218.00 m a.s.l.), inclining at 10 to
45°. The anchors were operatively modified to ensure that their roots
were embedded in harder rock layers.

Central side — a 62m long wall, between the portal of the southern
mined tunnel and the cut-and-cover section of the northern tunnel. It
consists of 21.0 and 24.0 m long vertical micropiles drilled from the
level ranging from 228.00 m a.s.l. to 229.50 m a.s.l. (74 pieces), and
9m long micropiles drilled from the 232.0 m a.s.l. The upper part of the
wall was anchored with 7 pieces of permanent 4-strand rock anchors
(15 m long) with 5.0 m long grouted root sections. The R.C. cap on the
top of the micropiles is 24 m long, cranked at a length of 15.75 m. The
lower part of the wall consists of two sections with different spacing of
the micropiles. There are 27 vertical micropiles at 1.0 m spacing in the
27.0 m long section, starting from the portal of the northern tunnel. The
other 35.0 m long section contains micropiles installed 0.75 m apart.
The micropile heads are interconnected with a reinforced concrete cap
0.60m wide and 1.50 m high.

Northern side — a 100 m long slope, 2V : 1H. A 0.10 m thick layer
of shotcrete with welded mesh 150 x 150/6 x 6 mm stabilises and pro-
tects the rock slope from adverse weather conditions and provides sup-
port at locally faulted places.

The sequence of individual operations in the Phase 2

1. Completion of anchoring and excavation on the sides adjacent to
the southern tunnel, including the portal wall of the southern
mined tunnel; drilling for the vertical micropiles and casting of the
capping pieces on the central wall,

Obr. 7 OdtézZovani a viprava povrchu stén
Fig. 7 Excavation and the wall surface treatment




Obr. 8 Osazeni dynamometru
Fig. 8 Installation of a dynamometer

3. Kotveni prostiedni stény lanovymi kotvami na drovnich 232,50
222900 mn. m.

4. Dokonceni kotveni a hloubeni prostfedn{ stény a stabilizace odfezu
severniho svahu hloubeného tseku na droven 2195 m n. m.
a provedeni mikropilotového destniku pro zajistén{ razeb severniho
Vitkovského tunelu v délce 15 m.

ZASTIZENE GEOLOGICKE POMERY

Doposud byly stavebni ¢innosti zastizeny $arecké bridlice, zdravé, oje-
dinéle slabé navétralé. Petrograficky se jednd o prachovité bridlice, misty
az prachovce, odlu¢nost pii t€7b¢ je blokovitd. Bloky o vel. 40 x 40 x
40 cm, ojedinéle az 80 x 50 x 40 cm. Hornina je z tektonického hlediska
zdrava. V drovni posledniho odtéZeni v jizni ¢asti stavebni jamy jizniho
tunelu asi na k6t€ 214 m n. m. se nachézi facie ernoSedych jilovitych
bridlic. Kontaktni plocha je slabé zvodnéld, v tseku asi 20 m jsou videt
vyrony vody. Celkovd vydatnost nepresahuje 1 1/min, ojedinélé vyrony do
0,2 1/min. Pfechod z jiZzniho tunelu k severnimu je prekryt mocnymi suté-
mi kfemenct a kiemencovych drti vzniklymi lidskou Einnosti pfi odtéZo-
véani a zasypavani lomu. Tyto vrstvy zatim dle stavebnich odkryvi dosa-
huji mocnosti pes 6 m a pravdépodobné zasdhnou i zdpadni ¢ést severni-

covz

ho portélu. Pod vy$e uvedenymi sutémi se nachdzeji $drecké bridlice.

MONITORING

Pri vystavbé celého tunelového dila, tedy i ¢asti vychodniho portdlu, je
vyuzivdno observa¢ni metody, tj. metody, kterd v pfipadé portdlové jamy
ovetuje spravnost jejiho statického ndvrhu (stabilitu stavebni jamy) na
zékladé vysledku souboru méfeni a sledovdni horninového prostredi
a stavebnich konstrukei.

V portdlové &dsti byly provadény tyto typy mefeni:

Dynamometrickd méfeni na kotvdch: pfi tomto méfeni jsou pomoci
snimacu umisténych v hlavdch kotev zjistovany zmény predpinacich sil
v kotvé. Celkem je osazeno 25 ks dynamometra.

Geodetické sledovani bodu: identické hlavy kotev, na kterych probihd
sledovdni predpéti, jsou geodeticky méfeny a vyhodnocovény
v 3D pohyby portdlové stény (predevsim vyklonéni zdi).

Inklinometrickd méfeni: ve svahu nad stavebni jgmou (asi 30 m jizné
od stavebni jamy) byl instalovdn inklinometr. Presnd inklinometrie
umoziuje sledovani vodorovnych pohybt osy vrtu, ktery prochazi
zdjmovym prostredim. Metoda spolehlivé uréi hloubku, rychlost a smér
pohybu pocinajicich svahovych pohybu.

ZAVER
Po provedeni zajiSténi na jizni stavebn{ jame na vychodnim (vyjezdo-

vém) portédlu do drovné 216 m n. m. a zajisténi do trovné 219,5 m n. m.
na severni jame byla dne 27. 5. 2005 zahdjend razba kaloty jizniho tunelu.

ING. MICHAL GRAMBLICKA, michal.gramblicka@sudop.cz,
SUDOP PRAHA, a. 5., JOSEF TESKA, teska@geotechnika,
ING. MILAN KOSSLER, kossler@geotechnikca.cz,

. SG-GEOTECHNIKA a.ss.

ING DAVID CYRON, cyron@metrostav.cz, METROSTAYV a. s.
Foto: D. Cyron, P. Andél
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2. gradual excavation of the southern construction trench to the
level of the top heading excavation of the southern tunnel
(216.60m a.s.l.). A 15m long canopy tube pre-support will be con-
structed, passing through the portal wall of the southern tunnel so
the excavation of the southern Vitkov tunnel can start under its pro-
tection. The construction trench for the southern cut-and-cover tun-
nel was provided with slopes and stabilised.

3. Anchoring of the central wall with cable anchors at the levels of
232.50 and 229.00m, a.s.l.

4. completion of the anchoring and excavation along the central wall;
stabilisation of the half-cut of the northern slope of the cut-and-
cover section to a level of 219.5m a.s.l., and execution of 15m long
canopy tube pre-support to protect the excavation of the northern
Vitkov tunnel.

ACTUAL GEOLOGICAL CONDITIONS

Competent, sporadically slightly weathered Sarka Shales have been
encountered till now. In petrographical terms, these are silty shales, local-
ly even siltstone, with block jointing. The dimensions of the blocks are of
40 x 40 x 40cm (sporadically to 80 x 50 x 40cm). In terms of tectonics,
the rock mass is sound. Black-grey clayey shale facies are found at the
level of the last excavation in the southern part of the southern tunne-
I’s construction trench, roughly at 214.0m a.s.l. The contact surface is
slightly water bearing, groundwater seepage points can be seen within
a section of about 20m. The total inflow rate is less than 11/minute, indi-
vidual springs yield up to 0.21/minute. The transition from the southern
tunnel to the northern tunnel is overlaid with thick man-made layers con-
sisting of quartzite debris (the result of excavation and backfilling of
quarries). As determined by previous exposures, the thickness of those
layers reaches 6m. The layers are likely to extend to the western part of
the northern portal. There are the Sarka Shales under the above-mentio-
ned debris.

MONITORING

The observational method is utilised for the construction of the tun-
nel, therefore also for the part of the eastern portal. Regarding the por-
tal construction, this method verifies correctness of the structural
design (stability of the excavation) on the basis of results of a set
of measurements and observations of the rock environment and
structures.

The following types of measurement were carried out in the portal
section:

Dynamometer measurements on anchors: the result of this measure-
ment is the determination of changes in the pre-stressing forces in the
anchor; it is carried out by means of transducers mounted on the heads
of anchors. The total of 25 dynamometers were installed.

Observation of points by surveying: 3D movements (mainly the til-
ting) of the portal wall are assessed by surveying identical anchor
heads that the pre-stress forces are observed on.

Inclinometer measurements: An inclinometer was installed in the
slope above the construction trench (about 30m to the south of the
trench). Precise inclinometer measurements allow monitoring of
horizontal movements of the axis of a borehole passing through
the rock environment in question. This method determines reliably
the depth, velocity and direction of the movement of starting slope
slides, if any.

CONCLUSION

The Southern tunnel’s top heading excavation commenced on 27 May
2005, once the support of the southern construction trench at the East
(exit) portal had been completed to the level of 216m a.s.l., and the nort-
hern trench supported to the level of 219.5m a.s.l.

ING. MICHAL GRAMBLICKA, michal.gramblicka@sudop.cz,
SUDOP PRAHA, a. s., JOSEF TESKA, teska@geotechnika,
ING. MILAN KOSSLER, kossler@geotechnikca.cz,
SG-GEOTECHNIKA a.ss.

ING DAVID CYRON, cyron@metrostav.cz, METROSTAV a. s.
Photo: D. Cyrori, P. Andél
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Toel

RAZENA CAST TRATOVYCH TUNELU NA TRASE METRA IVC2
PO ROCE VYSTAVBY

METRO IV C2 LINE - CONSTRUCTION OF MINED SECTIONS
OF RUNNING TUNNELS AFTER ONE YEAR OF CONSTRUCTION WORK

JIRI JUNEK

uvoD

Usek trasy metra IVC byl rozd&len na dvé etapy vystavby. Prvni
etapa byla dokoncena v loniském roce a dne 26. Cervna 2004 zde byl
zahdjen provoz pro verejnost. Jde o tsek dlouhy témér Ctyfi kilomet-
ry se dvéma stanicemi Kobylisy a Ladvi. Ve stejné dobé byl poloZen
zdkladni kdmen, a tim oficidlné zahdjena vystavba druhé etapy trasy
metra IVC2. Cast IVC2 md sedm stavebnich oddili o celkové délce
4,6 km a jsou na nf tfi stanice — Stfizkov, Prosek a Letnany. VSechny
tfi stanice jsou hloubené. Stanice Stfizkov a Prosek jsou navrzeny
s bo¢nimi ndstupisti, stanice Letnany je kone¢nd a bude mit jako vét-
Sina stanic na prazském metru ostrovni ndstupisté. Tratové useky
mezi stanicemi jsou v tsecich s nizkym nadloZim hloubené a v ostat-
nich dsecich razené. Prvni razeny dsek je navrZen ve stavebnim oddi-
le 09 mezi stanicemi Stfizkov — Ladvi. Druhy pak ve stavebnim
oddile 13, mezi stanicemi Letnany — Prosek.

Druhou etapu vystavby ve vybérovém fizeni ziskalo v dubnu 2004
sdruzen{ tif firem: Metrostav a. s., Skanska CZ, a. s., a Subterra, a. s.
Vedoucim tdcastnikem sdruZeni je spoleCnost Metrostav a. s., kterd
koordinuje vystavbu celé trasy IVC2. Ta je rozdélena mezi Gcastni-
ky fizeni tak, Ze firma Skanska, a. s., provadi hloubeny tdsek (SO 11)
mezi stanicemi Prosek — Stfizkov, hloubenou stanici Prosek (SO 12)
a hloubené tunely na stavebnim oddile 13. Dal$im ¢lenem sdruzeni
je firma Subterra, a. s., kterd stavi SO 08 s hloubenym tunelem délky
264 m, SO 09 s razenou casti v délce 972 m a hloubenou 116 m.
Firma Subterra, a. s., realizuje jeSté tdsek hloubenych odstavnych
koleji na oddile SO 14. Firma Metrostav a. s., jako vedouci uicastnik
sdruzeni, realizuje SO 13 razenou ¢ast délky 1350 m s dvoukolejnym
tunelem (DKT) délky 1285 m a s jednokolejnymi (JKT) tunely
o délce 2 krat 65 m. Ddle pak stavi hloubenou stanici Letnany
(SO 14). Stanici Strizkov (SO 10) provadi firma Hochtieff, a. s.,
v generdlni subdoddvce pro sdruzeni pod primym fizenim spolec-
nosti Metrostav a. s.

STAVEBNI ODDIL 09 - RAZENA CAST

SO 09 realizuje firma Subterra, a. s. RaZzend ¢4st ma celkem délku
972 m. Vlastn{ razba se provadéla ze dvou portéll a definitivn{ osté-
ni se nyni realizuje v proudu od portdlu z Ladvi na Prosek.

RAZBA OD PORTALU STANICE LADVi

Razba od portdlu hloubené stanice Ladvi za¢ind dsekem v délce
60 m, kde tunel prochdzi rozpletem v osové vzdalenosti koleji 5,0 m,
44 m a 3,9 m. Nasleduje tsek v délce 400 m v osové vzddlenosti
koleji 3,7 m s plochou vyrubu 60 m2. Razba byla zahdjena 9. listo-
padu 2004. Rozpojovdni horniny se uskute¢nilo frézou
EICKHOFF 380 Q (obr. 1) a vlastni razba probihala podle zdsad
Nové rakouské tunelovaci metody. V tseku asi tficeti metrti od por-
talu byl tunel razen v technologické tiidé (TT) 5. Po tomto dseku
byly geotechnické podminky pro razbu zarazeny do TT4. Poslednich
40 m pred prordZzkou bylo opét v TT5. Pfevdznd Cést dseku se nachd-
zela v kfehkych kfidovych kfemitych piskovcich s nadlozni vrstvou
glaukonitického piskovce az glaukonitovce s mocnosti 1 az
2 m, které misty zasahovaly az 0,5 m do klenby tunelu. Souvrstvi
bylo postiZeno silnou limonitizaci na loznich sparach. Celba byla
suchd bez vlivu podzemni vody. Vzhledem k této geologii bylo dosa-
hovéno trvale vysokych vykont, tj. primérné téméf 3 m kompletni-
ho primarniho osténi DKT za jeden den. Velkd pozornost byla véno-
vdna prfi podchédzeni inZenyrskych siti, kolektort a podchodu, kde
bylo dosaZeno maximdlné 50 % z predpoklddanych konvergenci
v tunelu a poklesu na povrchu.

INTRODUCTION

The construction of the Metro line IVC was divided into two phases. The first
phase, completed last year, went into passenger service on 26 June 2004. This
nearly four kilometres long section contains two stations, Kobylisy and Ladvi.
The cornerstone was laid and the official commencement of the construction of
the second phase of the Metro IV C2 took place at the same time. The 4.6 km
long line IV C2 consists of seven construction lots; it contains three cut-and-
cover stations, i.e. Stfizkov, Prosek and Letnany. Side platforms are designed for
the Stiizkov and Prosek stations, while the platform designed for the terminal
station Letnany is central, identically with the majority of stations of the Prague
subway. Cut-and-cover running tunnels between the stations are designed in sec-
tions with a shallow cover; mined tunnels will be in the other sections. The first
mined section is designed within the construction lot 13, between the Letiiany
and Prosek stations.

The contract for the second phase of the project works was awarded to a joint
venture consisting of three companies: Metrostav a. s., Skanska CZ a. s., and
Subterra a. s.. The lead company of the joint venture, co-ordinating the works on
the entire line IV C2, is Metrostav a. s. The line is divided among the joint-ven-
ture members in the following way: Skanska CZ, a. s. is responsible for con-
struction lot 11 (CL 11) between stations Prosek and Strizkov, the cut-and-cover
station Prosek (CL 12), and cut-and-cover tunnels of the construction lot 13. The
portion of Subterra a. s. consists of the CL 08 with a 264 m long cut-and-cover
tunnel, CL 09 with the mined and cut-and cover parts 972 m and 116 m long
respectively, and a section of cut-and-cover stabling track in the construction lot
CL 14. Metrostav a. s., the lead company of the joint-venture, realises the
1350 m long mined part of CL 13 comprising 1285 m of a double-rail tunnel
(DRT) and 2x65 m of a single-rail tunnel (SRT); further part of its work is the
cut-and-cover station Letiiany (CL 14). The construction of the Strizkov station
is carried out by Hochtief a. s., the general sub-contractor for the joint-venture,
directly controlled by Metrostav a. s.

CONSTRUCTION LOT 09 — MINED PART

CL 09 is carried out by Subterra a. s.; the mined part is driven from two por-
tals, the total length: 972 m. The excavation was carried out from both portals;
the final liner is built from the Ladvi Portal toward Prosek.

EXCAVATION FROM THE LADVi STATION PORTAL

The excavation from the portal of the cut-and-cover station Ladv{ starts by
a 60 m long mined transition section where the track centre distance drops from
50m, through 4.4m to 39 m. A 400 m long section with track centres

Obr. 1 Pohled na vyloznik s pricnou hlavou frézy Eickhoff 310 Q pred
raZenou Celbou ve sméru stanice Stiizkov
Fig. 1 A view of the boom with a cross-head of the EICKHOFF 380 Q

roadheader, at the face of the excavation toward the StiiZkov station




Obr. 2 Tunelbagr Schaeff ITC 312 pred portilem pri zahdjeni razby od
stanice StFizkov

Fig. 2 The Schaeff ITC 312 tunnel excavator in front of the portal, starting

the excavation from the Stiizkov station

RAZBA OD PORTALU STANICE STRIZKOV

Razba v této Cdsti byla provadéna rozpojovanim pomoci tunelbag-
ru Schaeff ITC 312 (obr. 2).

V tvrdsich hornindch se vyuZzivaly v omezeném rozsahu trhaci
prace. Razba byla zahdjena 7. listopadu 2004 ve spraSovych hlindch
a ve spodnich partiich prufezu tunelu byla zastizena opuka. Postupné
byly tyto vrstvy vystiiddny ve dné DKT vrstvou kiidovych piskovcl
0 mocnosti asi 2 m a nad nimi je uloZena vrstva stejné mocnosti glau-
konitickych piskovca aZz glaukonitovee. Nad t€mito vrstvami tvorf
nadloZzi vrstva jilovce o celkové vySce az 8 m. Celé souvrstvi je posti-
Zeno limonitizaci, kterd se projevuje na loznich plochdch souvrstvi
a svislych uzavienych poruchdch, které vypliuje a které propojuji
horizonty limonita. Vzhledem k tpadni razbé tohoto dseku byla celba
ovlivnéna diky nizkému relativné propustnému nadloZi srazkovymi
vodami. Hladina podzemni vody nebyla zastizena. Vzhledem ke slozi-
tym geologickym podminkdm a pritomnosti inZenyrskych siti v nadlo-
Zi nebo v blizkosti tunelu bylo nutné prace provadét v technologické
tiidé 5a2 s maximalni délkou zdbérového kroku 1 m s predhanénymi
jehlami o praméru 28 mm, délky 4 m, v poctu 10 ks v paté klenby
a 24 ks ve vrcholu klenby v kazdém zdbéru. Tato technologicka trida
byla klasifikovédna do vzdélenosti cca 40 m od portélu. Poté razba pre-
Sla a probihala ve zbyvajici ¢asti DKT v TT5al, kde je délka nevy-
strojeného zdbéru max. 1,5 m. Dal§i ndro¢ny tsek byl pfi razbé tunelu
zastizen pod komunikaci ddlni¢niho typu v ulici Libereckd, kde bylo
nutné podejit stdvajici mostni objekty. Opéry mostt se musely z divo-
du blizkych razeb zajistit s ohledem na predpoklddané poklesy loz-
nych spér az do 40 mm, ¢imz by mohlo dojit k poskozeni mostni kon-
strukce. Aby byly tyto poklesy eliminovény, bylo nutné pred razbou
pod mostem provést podchyceni stfednich mostnich podpér pomoci
sprahujiciho Zelezobetonového trdmu se soustavou injektovanych
mikropilot, jejichZ pata jde pod troven dna tunelu metra. Tato
konstrukce spind vSechny Ctyfi samostatné zdkladové patky na obou

)

Obr. 3 Armovdni a uzavirdni spodni klenby primdrniho osténi
Fig. 3 Placement of the reinforcement and closing of the primary lining by
the invert
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3.7 m apart and a cross-section area of 60 m?2 follows. The excavation ope-
rations started on 9 November 2004. Rock is disintegrated by an EICKHOFF
380 Q roadheader (see Fig. 1), according to the New Austrian Tunnelling
Method principles. Support class SC 5 applied to the tunnel section up to
about 30 m from the portal. A section categorised as class SC 4 followed. The
last 40m before the breakthrough were again excavated in SC 5. Larger part
of this section consisted of fragile chalky siliceous sandstone, overlain by
a 1.0 — 2.0 m thick layer of glauconitic sand to glauconite, extending locally
to the tunnel crown. This series of layers were affected by intensive limoni-
tisation on bedding planes. The excavation face was dry, unaffected by
groundwater. Due to this geology, continuously high advance rates were achi-
eved, nearly up to an average of 3m of complete primary lining of the DRT per
day as an average. Due consideration was paid to crossings under utility net-
works, collectors and pedestrian subways, where maximum values of tunnel
convergences and surface subsidence achieved 50 % of expected values.

EXCAVATION FROM THE STRIZKOV STATION PORTAL

The driving of this section was carried out using a Schaeff 312 tunnel
excavator (see Fig. 2).

Harder rock was excavated using drill and blast to a limited extent. The
excavation work started on 7 November 2004, through secondary loess; cre-
taceous marl was encountered at lower parts of the cross section. Those lay-
ers were gradually replaced at the bottom of the DRT by an about 2 m thick
layer of chalky sandstone overlain by a layer of glauconitic sand to glauco-
nite of the same thickness. A layer of claystone up to 8 m is found above
these layers. The whole series of measures is affected by limonitisation appa-
rent on the bedding planes and vertical closed discontinuities, which are fil-
led by this process and which interconnect the limonite layers. Because of
the downhill system of the excavation of this section and the shallow, relati-
vely permeable cover, the work was affected by rainwater. No water table
was encountered. With respect to the difficult geological conditions and the
presence of utility networks in the overburden or in a close vicinity to the
tunnel, the support class 5a2 had to be adopted for the work, with a maxi-
mum round length of 1.0 m, 4 m long spiling bars 28 mm in diameter
(10 pes) at the footing of the vault and 4 m long (24 pcs) in the crown, instal-
led in every other round. This support class was applied up to a distance of
about 40 m from the portal. Then the excavation entered and continued
through the remaining section of the DRT in the current geology classified
SC 5al, with the free-standing unsupported excavation length up to 1.5 m.
Another challenging excavation section was encountered under the motor-
way type road in Libereckd Street, where existing bridge structures (for the
dual carriageway) had to be passed under. The bridge abutments found in
a close vicinity to the excavation had to be supported, with respect to the anti-
cipated subsidence of their base amounting up to 40 mm that could damage
the bridge structures. To eliminate this subsidence, the abutments had to be
underpinned in advance of the excavation, by means of a reinforced concrete
frame tied with a system of grouted micropiles having their toes under the
level of the tunnel floor. This structure ties all the four independent foundati-
on pads on both ends of the bridge by lateral reinforcing beams. Four pieces
of rectification jacks were installed under each of the four bridge abutments,
used for compensation of the subsidence in a manner preventing the develop-
ment of differential settlement followed by a damage to the bridge structure.
The excavation in the vicinity to the bridge took place at the end of February
and beginning of March. The bridge subsidence was measured daily, and the
maximal allowable values of the differential settlement of 5 mm were not
exceeded. At km 13.320, the tunnel crosses under Strelni¢nd Street with lots
of utility networks, e.g. trunk sewers DN 1000 and 800 mm, steam distributi-
on lines 2xDN 600, water mains etc. At km 13.350, the mined tunnel crosses
a water supply tunnel 2650 mm in diameter and the DN 1200 mm diameter
water supply tunnel Mazanka, which is about 3 m under the tunnel bottom.

Those sections also required the minimisation of the ground surface sett-
lement and cross-section convergences during the excavation. Timely clo-
sing of the invert (see Fig. 3) was one of the adopted measures. Continual
monitoring of the surface settlement and convergences was carried out by
INSET s. r. 0. Due to more difficult geological conditions and buildings to be
passed under, the advance rates are lower in this section than those at the
counter-heading from Ladvi. The average daily advance of the complete
DRT excavation with primary lining amounts to 2.5 m.

PRIMARY LINING IN CONSTRUCTION LOT 09

According to the requirements of the given support class, the primary lining at
both headings was 200 to 300 mm thick. Shotcrete was applied with Meyco
manipulators (see Fig. 4), using the dry process, with accelerating additive Sigu-
nit L-53 AF. The work was carried out as a continuous operation. The breakt-
hrough ceremony took place on 23 May 2005, about 530 m from the Ladv{ por-
tal, at the presence of the owner, user, deputy mayor, observed closely by media
and the professional public. According to the construction programme, the bre-
akthrough was planned for July 2005. Thanks to the daily advance rates and
experienced working teams, it took place earlier by 1.5 months. After assessment
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Obr. 4 NandSeni druhé vrstvy stiikaného betonu pomoci manipuldtoru
Meyco — Potenza

Fig. 4 Application of the second layer of shotcrete using the Meyco — Poten-
za manipulator

koncich mostu pfi¢nym ztuZujicim nosnikem. Pod kazdou ze &ty
mostnich opér byly pak osazeny &tyfi kusy rektifikacnich lisi, pomo-
ci nichz se kompenzovaly poklesy tak, aby nedoslo k nerovnomérné-
mu seddni, a tim k poSkozeni mostu. Razba v blizkosti mostu probiha-
la na prelomu mésice tnora a brezna. Poklesy na mostu byly méfeny
denné a maximdlné povolené nerovnomérné sednuti do 5 mm bylo
dodrZeno. V km 13,320 podchdzi tunel ulici Stfelni¢nou, kde je vede-
na fada inZenyrskych siti, jako je kanaliza¢ni sbéra¢ DN 1000
a 800 mm, parovody 2x DN 600, vodovodni fady a dal$i. V km 13,350
kfizuje razeny tunel vodovodni §tolu profilu 2650 mm s pfivadéfem
vody Mazanka DN 1200 mm, ktery je cca 3 m pod dnem tunelu.
I v téchto tsecich bylo nutné razbu vést tak, aby byly poklesy na povr-
chu i konvergence prifezu tunelu minimalizovény. Jednim z opatfen{
bylo brzké uzavirani spodni klenby (obr. 3). RaZzba probihala za stalé-
ho sledovéni konvergenci a poklesti povrchu investorem a firmou
INSET, s. 1. 0. Postupy na tomto tiseku byly vlivem sloZitéjSich geolo-
gickych poméru a podchdzenym objektim niZ$i neZ na protirazbé
z Ladvi. Primérny denni vykon byl cca 2,5 m kompletniho DKT v pri-
marnim osténi.

PRIMARNI OSTENI ODDILU 09

Na obou &elbdch bylo dle technologického zattidén{ primérni osténi
provadéno v tloustce 200 az 300 mm. Stfikany beton se nanasel
pomoci manipuldtord Meyco (obr. 4) mokrou cestou s urychlujici pii-
sadou Sigunit L-53 AF. Prdce probihaly v nepretrZitém provozu. Slav-
nostn{ prorazka se konala 23. 5. 2005 asi 530 m od portdlu z Ladvi za
Ucasti investora, uZivatele, naméstka primdtora i za velkého zdjmu
médii a odborné verejnosti. Dle fidictho HMG byla prorazka planova-
na na Cervenec letosniho roku. Diky dennim postupim a zkuSenym
pracovnim kolektivim se podafilo zkrétit tento termin o 1,5 mésice. Po
vyhodnoceni méfeni hluku pfi provozu metra IVC1 se projektant roz-
hodl navic, z divodu omezeni hlu¢nosti, prohloubit dno DKT
0o 1 m v délce 70 m pod Domovem mlddeZe na Proseku. Nyni se tyto
prace provadéji a jsou z 50 % dokonceny.

SEKUNDARNI OSTENI ODDILU 09

Definitivni osténi je provadéno jako osténi sekundérni, po dokonce-
ni razby celého dvoukolejného tunelu a po provedeni mezilehlé izola-
ce. Definitivni ostén{ se provadi proudovou metodou ve dvou fazich.
V prvni fazi se plynule betonuje dno tunelu od portdlu z Ladvi v roz-
pletu od osové vzdélenosti 5,0 m do o. v. 3,7 m. V soucasné dob¢ je
vybetonovano cca 220 m dna tunelu. Ve druhé fazi se zacne stejnym
smérem plynule betondZ opér a klenby tloustky 40 cm do ocelové hyd-
raulické formy z Ostu Stetin (obr. 5). Forma pro tento tsek jiZ byla
pouzita na vice nez 1000 m definitivniho osténi DKT metra IVC1
z Troje do Kobylis. Pfedpoklddany termin zahdjeni betondZe prvniho
bloku v 0.v. 5,0 m do formy byl ve druhé dekddé mésice Cervence.
Po troji premontdzi hydraulické formy z o.v. 50 m na 44 m;
3,9 m a 3,7 m by méla byt forma v cili u hloubené ¢4sti na Proseku dle
fidiciho harmonogramu v dubnu pristiho roku. Vzhledem k dvoumé-
si¢nimu predstihu za¢atku betondZzi z Ladvi se predpokldda i zkrdcen{
celého terminu dokonceni sekundédrniho osténi.
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of the results of measurements of noise generated by the Metro IV C1 opera-
tion, the designer decided to reduce the noise by deepening the DRT’s bottom
by Im along a 70 m section under Domov MlddeZe in Prosek. This work is
being carried out, with 50 % already completed.

CONSTRUCTION LOT 09 — SECONDARY LINING

The final lining is carried out as secondary lining, after completion of the
double-rail tunnel excavation and installation of waterproofing layers. The
final lining is carried out using a flow method of construction, in two phases.
The first phase consists of casting of the invert from the Ladv{ portal, in the
section of transition from the 5.0 m to 3.7 m distance between tracks. Cur-
rently about 220 m of the invert casting has been finished. Side walls and the
40 cm thick vault will be cast in the second phase, using a steel hydraulic
formwork set manufactured by Ostu Stetin (see Fig. 5). The formwork for this
section has already been used for over 1000 m of final lining of the Metro
IVCI1 DRT, from Troja to Kobylisy. The casting of the first block (the distan-
ce between tracks of 5.0 m) should start in the second decade of July. The
formwork is scheduled to reach the end (the cut and cover section in Prosek)
in April 2006, after three alterations: from the distance between tracks of
50m to 44 m, 3.9 m and 3.7 m respectively. Considering the two-month
advance in the commencement of the casting from Ladvi, the final lining is
likely to be completed also in advance of the schedule.

CONSTRUCTION LOT 13 — MINED PART

The mined part of the CL 13 is 1350 m long. It comprises the 1285 m long
double-rail tunnel (DRT), and single-rail tunnels (SRT) 65 m long. The entire
DRT section is driven from an access adit (AA), which enters the mined section
about 500 m from the front wall of the SRT. The 35 m long adit was driven
downhill, at an 8% gradient. The DRT is excavated from two points of attack
established at the end of the access adit, with the faces heading in both directi-
ons, i.e. toward Prosek and Letnany. A 102 m long downhill ramp was dug to
allow access to the AA. The slopes of the pit for the ramp are supported with
shotcrete, welded mesh and needles. At the portal of the AA, the ramp leading
to a depth of about 17 m is at a gradient of 17 %. The entire pit is supported with
three tiers of anchors and walers. The excavation of the SRT, carried out from
April to May, was carried out from the construction site in Letnany. The access
to the portal via the ramp is utilised both for the excavation and transport of
concrete for the unreinforced final tunnel lining.

THE CONSTRUCTION SITE FACILITY KLICOV

This facility is used for the construction of mined structures of the CL 13. It
is situated between Ke Klicovu Street and Cakovickd Street (see Fig. 6). The site
entrance and exit are via Cakovickd Street. The layout of the buildings is desig-
ned with respect to the system of transportation of muck from the DRT via the
AA to an intermediate stockpile found in the premises of the site facility. Stora-
ge areas are accessible from the entrance and exit points. Changing rooms for
tunnellers, helpers and workers for the casting of the final lining consist of
UNIMO cabins. They are found at the entrance. A ramp for washing of mining
equipment is located at the centre of the site area, and a washing facility Moby-
dick Junior for cleaning chassis of lorries is before the exit to the public road.
The site management use a one-storied building of a former police office, which
is outside the site area, on the other side of Cakovickd Street. The operation of
the site facility is hampered due to a right-of-way zone of an extra high voltage
line passing across the site. The site sewerage removes sewage and other unpol-
luted water from the site area to a sewer connection. Polluted water from the
washing ramp is pre-treated in a standard coalescence separator. Geological
exploration anticipated oil polluted groundwater to be encountered, due to the

Obr. 5 Ocelovd hydraulickd forma Ostu Stetin
Fig. 5 Steel formwork Ostu Stetin
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STAVEBNI ODDIL 13 — RAZENA CAST

Razend ¢ast v SO 13 je dlouhd 1350 m, z ¢ehoz dvoukolejny tunel
(DKT) md délku 1285 m a jednokolejné (JKT) 65 m. Cely dsek DKT
se razi z pristupové §toly (PS), kterd vstupuje cca 500 m od Celn{ stény
JKT do razeného tseku. Je dlouhd 35 m a razila se dpadné ve sklonu
8,0 %. Na jejim konci je na Sitku DKT provedena rozrazka slouzic{
k vytvoreni dvou Celeb pro razbu DKT jak ve sméru na Prosek, tak i ve
sméru do Letnian. Pro pfistup do PS je vyhloubena sjizdnd rampa délky
102 m. Svahy rampy jsou zajistény stifkanym betonem, vyztuZenym
sitémi a jehlami. U portdlu do PS je rampa vedena ve spadu 17 % do
hloubky cca 17 m. Celd jama je zaji$téna tfemi kotevnimi drovnémi
prevézek. Pro razbu JKT od dubna do kvétna leto$niho roku bylo vy-
uzito staveni§té z Letian. Pfistup sjizdnou rampou k portdlu je vyuZi-
vén jak pro razbu, tak i pro dopravu betonu na definitivni monolitické
osténi tunelu.

STAVEBNI DVUR KLICOV

SlouZi pro vystavbu razenych objektt SO 13 a je situovédn v prosto-
ru mezi ulici Ke Kli¢ovu a ulici Cakovickou (obr. 6). Vjezd a vyjezd
na plochu ZS je z ulice Cakovicka. Situa&ni uspofadani viech objekti
je provedeno tak, aby akceptovalo logistiku dopravy rubaniny z DKT
pres PS na mezideponii v aredlu na ZS. Usporadani skladovych ploch
navazuje na vjezdy a vyjezdy v zdboru staveni§té. Satny pro razide,
pracovniky zdvésu i délniky na definitivnim osténi jsou sestaveny
z bunék UNIMO a umistény bezprostredné za vyjezdem. Uprostied
aredlu je myci rampa pro Cistén{ dulnich strojo a mycf zafizeni Moby-
dick junior pro ¢iSténi kol nakladnich vozl pied vyjezdem na vefejnou
komunikaci. Pro vedenf stavby slouZi prizemni objekt byvalé policej-
ni budovy, kterd je mimo aredl stavebniho dvora na protéjsi strané
ulice Cakovickd. Provoz ZS je omezen ochrannym pismem vedeni
velmi vysokého napéti, které prochdzi napri¢ stavebnim dvorem. Sta-
venistni kanalizace odvadi splaskové a dal$i nezneciSténé odpadni
vody z aredlu ZS do kanaliza¢n{ pripojky. Odpadni vody z myci rampy
se preciStuji v typovém koalescenénim odlucovaci. Geologicky pru-
zkum predpoklddal znecisténi spodnich vod ropnymi ldtkami od pred-
choziho provozu autobusovych gardzi Klicov. Vzhledem k tomu se
musela nainstalovat dekontamina¢ni stanice firmy Ekohydrogeo, pres
kterou se vody z podzemi pfeciStovaly. Jiz pfi t€zZbé sjizdné rampy
k PS se objevila kontaminovand voda s ropnymi ldtkami nad
10 mg/1 a investor nafidil odvoz cca 1200 m3 zeminy na dekontami-
nacni sklddku. ZS je poprvé na stavbach Metrostavu vybaveno velko-
kapacitnim zdsobnikem s kontinudlnim ohfevem pro urychlovaci pii-
sadu do stfikaného betonu, coZ bylo s vyhodou vyuZivdno zejména
v zimnim obdobf{ vystavby tunelu.

RAZBA DKT VE SMERU LETNANY

Byla zahdjena dne 11. listopadu 2004 osazenim soSky — patronky
havii — svaté Barbory do portilu v pfistupové Stole. Pred timto termi-
nem se v ijnu razila PS a za¢atkem listopadu pak rozrdzka DKT. S ohle-
dem na vyskyt jilovct se v rozrdZce puvodni ploché klenba upravila na
vypuklou s dodate¢nym zesilenim Zelezobetonovou konstrukei. Razeny
dsek do Letnan je dlouhy 370 m v osové vzddlenosti 3,7 m a 130 m je
pak vedeno v rozpletu. Konec rozpletu navazuje ¢elni sténou na dva
JKT kruhového profilu 5,2 m. Rozplet slouzi k tomu, aby bylo umozné-
no prejit z profilu DKT na dva prufezy JKT, které jsou pfivedeny k ost-
rovnimu ndstupisti ve stanici Letiiany. Proto se osova vzdélenost koleji
v rozpletu rozsifi téméf o 3 m az na kone¢nych 6,5 m.

V DKT je téZ situovdna zdkladni nefekdlni jimka (ZNJ), kterd je
umisténa do nejhlubsiho mista trasy cca 50 m od PS ve sméru do Let-
nan. Je to Stolovd komora s jimkou hlubokou 2 m. Souédsti ZNJ je PS
dlouhd 12 m, Stola k vrtu a vlastni vrt pro vytlacné potrubi, kterym
bude podzemni voda Cerpédna do uklidiiovaci jimky na povrchu. Profil
vrtu je 400 mm s vypaZnici 324/8. Prostor mezi vrtem a vypaZnic{
bude zainjektovdn. ZNJ slouZil doCasné jako sklad trhavin pro razbu
DKT ve sméru do Letiian. Razba byla provddéna pomoci tunelbagru
Liebher R932 za pouziti trhacich praci v celém prufezu tunelu. Dile
byl ve strojni sestavé pouZivén vrtaci vuz Atlas Copco L2C k navrta-
ni Celby pro odstfel a k vrtdn{ kotev primdrniho osténi. Pro aplikaci
stifkanych betond mokrou cestou se pouzivaly manipuldtory Aliva
a Meyco. Nakladani a odvoz rubaniny zajistovaly nakladace Volvo 120
a dempry s oboustrannym Fizenim s obsahem korby 13 m3. RaZba
a primdrn{ vystrojovdni DKT v celém tseku postupovaly podle zasad
NRTM v hornindch technologické tridy TT3, 4 a 5al. Razba tunelu
v rozpletu probihala v TT 5al, kde byly v klenb¢ zastiZeny glaukoni-
tické piskovce az pis¢ité glaukonitické jily, které byly pomérné mékké.
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operations of a former bus garages Klicov. For that reason, a decontamination
station produced by Ekohydrogeo had to be installed, by which the groundwa-
ter was treated. Contaminated groundwater was encountered already in the cour-
se of the excavation of the access ramp leading to the AA. The oil contaminati-
on degree exceeded 10 mg/l; and the client ordered the removal of about
1200 m? of soil to a decontamination stockpile. The site facility, as the first of Met-
rostav’s sites, is equipped with a large-capacity container with continual heating
for the accelerating additive to be dosed to sprayed concrete. This was advantage-
ous for utilisation in the tunnel construction, mainly in the winter period.

DRT EXCAVATION TOWARD LETNANY

It started on 11 November 2004 by the installation of Saint Barbara’s (miners’
patron) statuette at the portal in the access adit. Before this date, in October, the
AA was driven and, at the beginning of the DRT, the point of attack was prepa-
red. Because of the occurrence of claystone, the originally flat vault was chan-
ged to a domed vault, with additional reinforcement by an RC structure. The
mined section to Letnany is 370 m long, with the distance between centres of
tracks 3.7 m, and 130 m is in a transition section. The end of the transition sec-
tion links by its front wall to two SRTs with 5.2 m diameter circular cross secti-
on. The transition section serves to allow the change from the DRT profile to the
two SRT profiles that are carried to the centre platform of the Letnany station.
For this reason the track centre distance increases nearly by 3 m, to the final
6.5 m in the transition section. The basic non-faecal sump (BNFES) is also situa-
ted in the DRT, placed to its lowest point, about 50m from the access adit toward
Letnany. The sump structure is a cavern with a 2 m deep sump. Parts of the
BNFS are also a 12 m long AA, an adit to a borehole and a borehole for a rising
main which groundwater will be pumped through to a stilling tank on the surfa-
ce. The 400 mm diameter borehole contains a 324/8 casing pipe. The annulus
space between the borehole and casing pipe will be filled by grouting. The
BNFS was temporarily used as a magazine for the excavation operations on the
DRT in the direction toward Letnany. The excavation was carried out using the
Liebherr R932 tunnel excavator and drill-and-blast for the entire tunnel profile.
The face drilling for blastholes and drilling for the primary support anchors was
carried out by the Atlas Copco L2C drill rig. Aliva and Meyco manipulators
were used for the wet process application of shotcrete. Muck was loaded and
transported by Volvo 120 loaders and dumpers with two-direction steering, with
a load capacity of 13 m3. The excavation and support of the DRT proceeded wit-
hin the whole section according to the NATM, through rock categorised as SC
3,4 and 5al. The excavation passed through SC 5al in the transition section,
where relatively soft glauconitic sandstone to sandy glauconitic clay was
encountered in the vault. On the sides, the profile of the mined tunnel passed to
sandstone. The excavation toward Letnany was carried out in SC 5 within
a length of 230 m, in SC 4 within 110 m, and the longest section of about
160 m was categorised as SC 3. The good geological conditions of the SC3 were
taken advantage of by trying steel fibre reinforced shotcrete. Trefilarbed steel
fibres 35 mm long were added to concrete mix, 40 kg per 1 m>. This method was
approved by the structural engineer from Metroprojekt a. s. for the excavation
in conditions of the SC 3. We started spraying concrete with steel fibres in Feb-
ruary 2003, as per the owner’s approval. Unfortunately, geology changed after
three rounds, and the face classification was changed to SC 4. Therefore the
support method returned to the original procedure, i.e. installation of welded
mesh. Even though steel fibre reinforced shotcrete is more expensive than the
original solution with welded mesh, we expected that time would be saved
owing to the faster progress of the excavation, which, according to our calcula-
tions, would save financial means. Based on the investigation results, the occur-
rence of former mining works was anticipated for an about 150 m long section.

Obr. 6 Letecky pohled na stavebni dvur Klicov s pristupovou Stolou k &elbdm
tunelu pro razbu do stanice Letriany a Prosek

Fig. 6 Aerial view of the Klicov site facility, with the access adit to the tunnel
headings toward the Letriany and Prosek stations
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Na bocich razeného tunelu prechédzel profil do piskovci. Razba do
Letnan probihala v TT5 v délce 230 m, v TT4 110 m a dsek cca
160 m byl klasifikovdn v TT3. V TT3 se vyuZilo dobrych geologic-
kych podminek pro vyzkouseni stifkanych dratkobetond. Do 1 m3
betonové smési se priddvalo 40 kg ocelovych drétka délky 35 mm od
firmy Trefilarbed. Tento zptisob provédéni primarniho osténi odsou-
hlasil statik z Metroprojektu, a. s., za podminky, Ze razba bude v TT3.
Se souhlasem investora jsme pak zah4jili v tinoru 2005 stifkdni beto-
nu s dratky. BohuZel se po tfech zdbérech zménila geologie a celba
byla pretiidéna do TT4. Technologie provadéni se tak vrétila k puvod-
nimu fesent, tj. k osazovan{ ocelovych siti. I kdyZ stiikané dratkobeto-
ny jsou nakladové draZsi neZ pivodni feSeni se sitémi, predpoklddali
jsme, Ze vznikne Casovd uspora z rychlejStho postupu razeb, coZ by
mohlo podle propo¢tu pfinést celkovou finanéni dsporu. Na zdkladé
prazkumnych praci se predpoklddalo, Ze na dseku v délce cca 150
m byla provedena dfivejsi dulni dila. S nejvétsi pravdépodobnosti zde
byly vyraZeny v hloubce 25-30 m $toly nevelkého rozsahu se zame-
rem tézby v uhelnych jilovcich. V archivech vSak nebyly zjistény
z4dné informace. Geologickd zprdva uvddi, Ze rozhrani mezi piskovci
a uhelnymi jilovei je minimdlné 3 m, avSak vice neZ 5 m pode dnem
tunelu. Geofyzikaln{ pruzkum, ktery provedla SG Geotechnika, viak
v daném tseku starou dilni zaté7 nezjistil a ani od OBU nafizené
méfeni plynodajnosti nezjistilo pfitomnost metanu v predpokladaném
misté uhelnych jilovca. Razba byla ukoncena 24. dubna 2005, tj. asi 2
meésice pred terminem dle fidiciho harmonogramu.

RAZBA DKT VE SMERU PROSEK

Razba dvoukolejného tunelu probihala soucasné s razbou do Letnan.
Do konce roku 2004 se osadky i strojové sestavy mezi obéma proti-
lehlymi Celbami stfidaly, protoZe to umoznovala jejich mald vzdjemna
vzdalenost. Po odstoupeni obou Celeb cca na 140 m se na pocatku roku
2005 nasadila druhd strojni sestava a sestavily se dvé samostatné pra-
covni Cety. Tento stav trval az do konce dubna, kdy se dorazil tunel do
Celni stény k Letiianam a déle pak jiZ razba pokracovala pies pristu-
povou §tolu pouze ve sméru na Prosek. Od Cervna leto$niho roku pro-
bihd v nejndroénéjsim 60 m dlouhém tseku, ktery vede pod obytnou
zdstavbou s nizkym nadlozim ve slozitych geologickych podminkéch.
Zminény usek se rozhodl projektant z divodu minimalizace deforma-
cf a poklest na povrchu projit svislym ¢lenénym vyrubem v TT5a3.
Levd i pravéd bo¢ni $tola maji priblizné stejnou plochu (obr. 7). Nejpr-
ve se vyrazi levd $tola, do které se osadi podpérné ocelové sloupy,
které maji slouzit jako doCasnd podpora pro zajisténi minimdlnich
poklest na povrchu. Nésledné se vyrazi pravéd bo¢ni $tola a demontuji
se sloupy. Vzhledem k velkému pritoku vody z vodonosné vrstvy opuk
se klenba zajiStuje laminatovymi nebo IBO kotvami s chemickou
injektdZi. V soucasné dobé je vyrazeno 60 m Stol z celkové délky 120
m. Usek s ¢lenénym vyrubem bude dokonceny do konce srpna 2005.
Trhaci prace na useku ve sméru Prosek byly povoleny az nyni, a to
pouze pro posledni ¢dst mimo zdstavbu v délce asi 150 m, i kdyZ jsme
o né pozadali jiZ na zacdtku zari 2004.

V husté zdstavbé, kterd je situovdna do izoseisty 5, tj. v dzemi
dot¢eném trhacimi pracemi, bylo velké mnoZzstvi Glastniki fizeni,
ktefi nesouhlasili s provddénim trhacich praci. Na vSechny pripomin-
ky ob&anti se muselo v rozhodnuti OBU reagovat, a tim doslo k jeho
vydani aZ po vice neZ &tyfech mésicich. Po vydani rozhodnuti OBU se
opét nékteif majitelé rodinnych domki odvolali a rozhodnuti se
postoupilo s novym vyjadienim na CBU, ktery aZ v 7/05 vydal zming-
né povoleni. Nastésti byly horninové podminky natolik priznivé, zZe
prace mohly pokraCovat rozpojovdnim tunelovym bagrem a za pomo-
ci sbijeciho kladiva bez pouZiti trhacich praci. V poklesové zéné pred-
métného useku trasy DKT metra se razilo pod zdstavbou s nizkymi,
prevazné star§imi jednopatrovymi rodinnymi domy s lokdlnimi inZe-
nyrskymi sitémi. Nizkd zdstavba je pomérné velmi citliva na nerovno-
mérné poklesy a také na seismické ucinky. Vyska nadloZi je cca 12 m,
z toho cca 5 m tvori navédzky, kvartérni zeminy a zvétralé opuky. Nizkd
vySka nadloZi zpusobuje, Ze Cinnost v podzemi je pfendSena vibrace-
mi a hlukem do objektu pfimo nad tunelem a v jeho okoli. Vedenf stav-
by komunikuje prubéZné s majiteli domk i s jejich ndjemniky a infor-
muje je o postupu raZeb i o zpisobu rozpojovani horniny. Pro komu-
nikaci s vefejnosti se vyuZilo i informa¢ni stredisko v Jablonecké ulici,
kde je volny pfistup ke vSem poZadovanym informacim pravidelné
jednou tydné€. V nocnich sméndch byly pracovni operace razebniho
cyklu uzpusobeny tak, aby byly omezeny &innosti zpusobujici hluk
a vibrace. I kdyZ projektovd dokumentace nepredpoklddd v tomto
tseku Zddnou dfivéjsi diilni Cinnost, objevila se v Celbé cca 100 m od
PS zavalend stard Sachtice vypInénd sypkym materidlem a vydfevou.

Obr. 7 Svislé élenéni vyrubu pri raZbé s nizkym nadlozim
Fig. 7 Vertical excavation sequence under shallow overburden

In all probability, small-scale excavation of galleries took place in the past at
a depth of about 25 — 30 m, for the purpose of extracting carbonaceous shale.
But archives provided no information. The geological report states that the
interface between sandstone and carbonaceous shale is at least 5 m deeper
than the tunnel bottom. Geophysical investigation carried out by SG Geo-
technika did not identify any abandoned mining works, and the measurement
of fieriness ordered by the Regional Bureau of Mines (RBM) did not confirm
the presence of methane in the anticipated location of the carbonaceous shale.
The excavation work was finished on 24 April 2005, about 2 months ahead of
the deadline contained in the master schedule.

DRT EXCAVATION TOWARD PROSEK

The excavation of the double-rail tunnel was carried out simultaneously
with the excavation toward Letnany. By the end of 2004, the crews and equ-
ipment sets alternated between the two opposite headings because it was pos-
sible owing to their distance. When the distance between the two headings
grew to about 140 m, the second equipment set was deployed and also mining
crews were added. This condition continued to exist till the end of April, when
the tunnel reached the bifurcation point, toward Letnany. The further excava-
tion continued toward Prosek only, via the access adit. Currently the most dif-
ficult section about 60 m long is being excavated, under existing buildings,
with shallow overburden, in complex geological conditions. The designer
decided to pass through this section using a vertical excavation sequence
(SC5 and 3) to minimise deformations and surface settlement. The cross sec-
tion areas of the left and right sidewall drifts are approximately identical (see
Fig. 7). The left drift is excavated first, with steel pillars installed as tempo-
rary support means to minimise surface settlement. The excavation of the
right drift and removal of the pillars follow. Because of considerable inflows
of water from the water-bearing cretaceous marl layers, the vault is supported
with glassfibre reinforced plastic IBO anchors with chemical grouting. As of
today, excavation of 60m of adits out of 120m has been completed. The sequ-
ential excavation section will be completed by the end of August 2005. Drill-
and-blast operations were allowed as late as now, only in the last section
found outside the developed area, i.e. within a length of 150 m, despite the
fact that we had applied for the approval already at the beginning of Septem-
ber 2004. There were many participants of the proceedings who did not agree
with blasting operations to be carried out in the densely developed area,
which is delimited by the isoseismal line 5. Because all comments by citizens
had to be responded in the RBM’s decision, the approval process took more
than four months. When the RBM’s decision had been issued, the owners of
family houses appealed against it, and the decision was sent, together with
anew opinion, to the Czech Bureau of Mines (CBM), which issued the above-
mentioned approval as late as now. Fortunately, with respect to the administ-
rative delays, the rock conditions were so favourable that the work could con-
tinue without a need for the drill-and-blast operations; the tunnel excavator
and an impactor could cope with the rock disintegration. There are low, most-
ly older single-storey family houses with local utility networks in the subsi-
dence zone of the DRT section in question. Low buildings are relatively high-
ly sensitive to differential settlement and also to seismic effects. The overbur-
den is 12 m thick, consisting of about 5 m of made ground, Quaternary soils
and weathered cretaceous marl. Due to the shallow overburden, the vibrations
and noise generated by the underground operations are transferred into the
buildings found directly above the tunnel or in its vicinity. The construction
management regularly communicate with the owners of the houses and their
tenants, and inform them about the progress of the excavation and the method
of rock disintegration. The Information Centre in Jabloneckd Street, where
a free access to any required information is available regularly, once a week,
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Predpoklddany termin dokonéenf razby tohoto useku dle fidiciho har- is used for the communication with the public. Working operations of the
monogramu je 22. 10. 2005. Dosavadni postupy nasvédcuji tomu, Ze excavation cycle carried out in night shifts were modified so that activities
tento dulezity termin bude splnén. Pro jeho spInéni je vytvoren speci- generating noise and vibrations were kept low. Despite the fact that the design
alizovany tym sloZeny z pracovnikii divize 8 a 5 Metrostav a. s. does not expect any abandoned mining works, an old collapsed shaft filled
a Doprastav Bohemia a. s. with loose material and timber appeared at the heading, roughly 100 m from
the AA. The previous advance rates support the assumption that the important
MERENI HORNINOVEHO MASIVU master sqhedul‘e deadline of 22 .Oc.tober 200_5 for completion of excavatipn of
this section will be met. Specialised working teams have been established
Cely geomonitoring je zajiStovdn sdruZzenim Metro IVC2 — monito- with the aim of fulfilling the task. The construction lot CL 13 is carried out
ring, které bylo vytvoreno firmami SG Geotechnika, a. s., a INSET, s. by Metrostav a. s., divisions 5 and 8, in collaboration with Doprastav Bohe-
r. 0. Pfed zahdjenim raZzeb Clenénym vyrubem byla vytvorena rada mia a. s.

monitoringu ve sloZeni — projektant, investor, dodavatel monitoringu
a zhotovitel, kterd od dubna leto$niho roku pravidelné kazdy tyden ROCK MASS MEASUREMENTS

vyhodnocuje postupy razeb a jejich disledky na okolni zdstavbu. The geomonitoring as a whole is ensured by a joint venture Metro IVC2 —

Deformace primarniho osténi je mfv:fena v Pétll?OdOVyCh konvergenc- Monitoring, consisting of SG Geotechnika a. s. and INSET s. r. 0. The Monito-
nich profilech pomoci totdlni stanice. Profily jsou od sebe vzdaleny ring Board consisting of representatives of the designer, owner, monitoring
s ohledem na geologickou stavbu a situaci povrchové zastavby podle service and contractor was established before the beginning of the sequential
podminek v tunelu 10 az 20 metrd. Hodnoty svislych deformaci nepfe- excavation. The Board assesses the excavation advances and their impact on the
sahuji na vét§iné profild 15 mm, vyjime&né 20 mm, coZ je cca 65 % surrounding buildings weekly, from April 2005. Deformations of the primary
limitn{ deformace povolené projektem. Pro méfeni viech deformaci lining are measured on five-point convergence profiles using a total station. The
horninového masivu od razby véetné deformaci pred celbou byly osa- distance between the profiles varies from 10 to 20 m. It depends on geology and
zeny extenzometrické profily. Ve sdruzeném profilu Kli¢ovska odd. 13 on the situation of existing buildings, as well as the conditions in the tunnel. The
byly na nejhlubgich extenzometrech vertikdlni deformace 54 mm, které values of vertical displacement dq not_exgeed 15 mm at most profiles, the value
korespondovaly se zde zji§ténymi vertikdlnimi deformacemi v tunelu na of 20 mm (65 % of the deformation limit) occurs exceptionally. Extensometer

profiles serving to measure deformations of the rock mass due to the excavati-
on (including deformations in the front zone) were also installed. Vertical
deformation measured by the deepest extensometers at the combined profile
Klic¢ovska, construction lot 13, amounted to 54 mm. This value corresponded
with the vertical deformations of 20 — 21 mm determined in the tunnel, on the
primary lining. The surface settlement and settlement of buildings is monitored
by high-precision levelling (executed by owner’s surveyor). Maximum subsi-
dence values do not exceed twenty five mm. This value is also in compliance
L with the design. Monitoring results are conveyed to all parties responsible to the
ODVODNENI project, generally within five hours after the physical measurement on the site,

V dseku tuneld je ve slinovcich turonsky obzor podzemni vody, using an integrated database available on the Internet.

kolisajici prevdzné kolem kéty 272 az 273 m n. m. Tento obzor je
oddélen nepropustnou polohou jilovitjch hornin a voda se zdrZzuje DRAINAGE

primdrnim osténi v rozsahu 20 az 21 mm. Sedédni povrchu terénu
a objektu je sledovdno velmi presnou nivelaci (méfeni zajiStuje geode-
tickd sluzba investora) a maximalni hodnoty poklesu jsou od 5 mm do
40 mm v zavislosti na ménicich se geologickych podminkéch. S vysled-
ky monitoringu jsou prubéZné seznamovani vSichni odpovédni Gcastni-
ci vystavby, v podstat¢ do péti hodin od fyzického zaméfeni na stavbé,
prostfednictvim integrované databdze pristupné na internetu.

v poloze opuk. Kromé této horni drovné podzemni vody je v piskov- There is a Turonian aquifer in marlstones in the tunnelled section, fluctua-
covych polohdch vyvinut druhy (spodni) obzor podzemn{ vody. Vyté- ting mostly about the altitude of 272 to 273 m a.s.l. This aquifer is separated
kajici tunelové vody se svddéji do zdchytnych jimek a odtud se Cerpa- by an impervious layer of clayey ground, and water is found in the layer of
_]f do usazovacfjl'mky. Teprve pfeéléténé voda se vypou§tf do kanaliza- cretaceous marl. Apart from this upper level of groundwater, there is another
ce. Soudasti budovaného primarniho osténf je také zfizeni docasného (lower) aquifer in sandstone layers. Seeping groundwater is drained to inter-
drendZniho systému v nejniz§im misté spodni klenby z diivodu vylou- cepting sumps and pumped to a settlement tank. Pre-treated water is dischar-

ged to sewerage. Part of the primary lining is also a temporary drainage sys-
tem at the lowest point of the invert built for the purpose of eliminating the
hydrostatic head. As agreed by the designer, the length of anchors in the
crown was reduced so that the waterproof layers in the overburden would not
be perforated. This measure ensured relatively better excavation conditions,
without potential complications with water seeping down to the tunnel, in
environment with minimum water contents.

¢enf hydrostatického tlaku. Po odsouhlaseni s projektantem byla zkra-
cena délka kotev v klenbé, aby nebyly perforovany vodonepropustné
vrstvy v nadloZi. Tim se dosahlo relativné lepsich podminek pfi razbé
bez moznych komplikaci s prisaky vody shora do tunelu a v prostied{
s minimdlnim mnozstvim vody.

SEKUNDARNI OSTENI NA ODDILE 13
Ve sméru do Letnan se po ukonéeni raZeb rozjely prace na defini- CONSTRUCTION LOT 13 - SECONDARY LINING

tivnim ostén{ v plném proudu. Od pifstupové Stoly se betonovalo dno The full scope work on the final lining in the direction toward Letfany star-
DKT k rozpletu a pfes JKT se betonovalo dno v rozpletu. Dile se pres ted after the completion of the excavation work. The invert of the DRT was
JKT po ¢astech navozily plosiny a forma na DKT, které se v rozpletu cast starting from the access adit; the invert within the transition section was
smontovaly. Zacatkem Cervence 2005, po roce vystavby, se zahdjila cast via the single-rail tunnels (SRT). The route for carrying the working plat-
betondz klenby DKT v osové vzddlenosti 4,4 m a klenba pravého tra- forms and formwork to the DRT led also via the SRT. The above-mentioned
tového tunelu od Letnan. Obé hydraulické formy na klenbu byly jiz equipment was assembled in the transition section, and to date, after one year
pouzity pri vystavbé trasy metra IVCI. Jednokolejné tunely budou of construction works, the casting of the DRT’s vault for the distance of tracks
v definitivnim osténi dokon&eny na konci srpna a dvoukolejny tunel az of 4.4 m and the vault of the right running tunnel (viewed from Letfiany) is in
po vyjeti formy na Proseku, coZ bude na konci prvniho &tvrtleti piisti- | progress. Both hydraulic formwork sets for the vault have already been used
ho roku. on the Metro IVC1 line construction. The final lining in the single-rail tunne-
Is will be completed at the end of August, and in the double-rail tunnel after
ZAVER the formwork arrives to Prosek, i.e. at the end of the first quarter of 2006.

Vzhledem k rozsahu a pouZivéni raznych typu technologii na stav- CONCLUSION
bé metra IVC2 je kladen velky duraz na organizaci price a na dodrZo-
vani pracovnich a technologickych postupu pii vystavbé jednotlivych
dseku trasy.

Prace v podzemi vyZaduje zkuSené profesiondly jak ve vedeni stav-

The scope and the fact that various technologies are used on the Metro IV C2
construction are the reason why the works organisation and adherence to wor-
king and technological procedures during the construction of individual secti-
ons of the line are so important.

by, tak_l ve Vlastrvl.ichopracovnich F}’lmech, které musf vzdjemné tzce Underground work requires experienced professionals, both for construction
komunikovat a prizpusobovat svoje pracovni postupy v daném oka- management and working teams. They must communicate closely, and accom-
mZiku k zastiZenym geologickym podminkdm. Podle dosavadnich modate their performance in the given moment to the geological conditions
vykonu pfi razbdch a na definitivnim osténi, i podle kvality provede- encountered. Considering the previous excavation and final lining casting out-
né prace, lze konstatovat, Ze se systémové spoluprace i koordinace pra- puts and quality of the work, it is possible to maintain that systematic co-ope-
covnich ¢innosti podafilo dosdhnout. ration and co-ordination of the operations has been successfully established.
ING. JIRI JUNEK, CSc., METROSTAV a. s. - divize 8, ING. JIRI JUNEK, CSc., METROSTAYV a. s. - divize 8,

Junek@metrostav.cz Junek@metrostav.cz
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LOKALNI VIRTUALNI ZTRATA STABILITY VYRUBEM TUNELU
NARUSOVANEHO ZEMNIHO PROSTREDI

LOCAL VIRTUAL LOSS OF STABILITY OF GROUND ENVIRONMENT
AFFECTED BY TUNNEL EXCAVATION

VACLAV HORAK

uvob

V predlozeném prispévku se pokousi autor jednoduchymi inZenyrskymi tiva-
hami a zdkladnimi geomechanickymi prostiedky ndzorné postihnout chovéni
horninového prostiedi, jehoZ rovnovézny stav je naruSen vyrubem inZenyrského
dila, doplnit a objasnit zkusenostmi ziskdvané predstavy o mozném vzniku mist-
niho rozvolnéni zeminy, o ristu a sméru postupujiciho rozvolnéni pri postupu
razby a predloZit varovné informace o moZnostech vzniku mistni nestability naru-
Sovaného prostredi.

V prispévku jsou informace o stavu ¢dsti zemniho prostiedi zatéZovaného jak
vnéj§im pusobenim zdstavby, tak zménou napjatosti horninového masivu. Jsou
definovany terminem ,,rozruseni lokaln{ virtudlni ztrdtou stability zemniho pro-
stredi (LVZS)* a vychézeji z podrobného pruzné-plastického feseni ,,geomecha-
nického matematického modelu 2 D* (GMMM 2 D) pomoci MKP 2D, tedy ze
zndmych prubéht deformaci a posunt, sloZek napéti, redukovanych napéti, hlav-
nich napéti apod. Roz§itenim béznych feSeni MKP je ,,stanoveni poklesovych Car
(hranic poklesové kotliny) v libovolné tirovni GMMM 2D*, ddle k témto pokle-
sovym kotlindm prislusejicich inflexnich bodt a konené trajektorii inflexnich
bodu, tj. ,trajektorii lokdlni virtulni ztrdty stability zemniho prostredi®.

V zdvéru prispévku je formulovano dalsi rozsifeni vySe uvedenych geome-
chanickych vztaht na feSeni ,,ploch prostorové lokalni virtudlni ztrdty stability
zemniho prostfedi v GMMM 3D pomoci MKP 3D a zminén ,,problém geome-
chanické matematické souvislosti lokdln{ virtulni ztrdty stability zemntho pro-
stfedi nebo jeho &asti s totdlnim rozrusenim globdlni ztrdtou stability zemniho
prostiedi.

PREDPOKLADY RESENI LOKALNI VIRTUALNI
ZTRATY STABILITY

Predpoklddejme, 7e

@ feSeni prostorového problému GMMM se spojitym povrchem terénu
a s vlastnostmi hornin, umoznujicimi vznik lokdln{ virtudlni ztrty sta-
bility, 1ze dostateCné presné popsat feSenim rovinného problému,

@ jsou zndmy geomechanické vlastnosti hornin v kterémkoli vybraném
mist¢ GMMM,

@ v kazdém mist¢ GMMM jsou znamy vSechny slozky deformace a ten-
zoru napéti, stanovené v oblasti pruznoplastické nebo vazkopruznoplas-
tické, tuhopruznoplastické s vizkéznimi vlastnostmi, s pérovymi tlaky,
s vlivy podzemni vody apod. a Ze jsou k dispozici vypocetni programy
MKEP vsech na feSeni zd¢astnénych velicin,

@ na zakladé vySe uvedenych predpokladu a informaci lze dostate¢né pres-
né a vystizné formulovat zde predloZeny matematicko-fyzikalni ,,model
vzniku lokdln{ virtudlni ztréty stability* zemniho prostredf, zrnitého pro-
stfedi, horniny apod.

DEFINICE POKLESOVE KOTLINY INFLEXNIMI BODY

Podrobné vysetieni poklesové kotliny a predevsim vySetfeni prubéht poklest
v libovolném pdsu zemniho prostredi bylo poZadovano jiz v roce 1994 (pri razbé
tunelu Mrdzovka pod ulici U Nikolajky a pod ulici Ostrovského, Praha-Smi-
chov). Hranice mezi konkdvnimi a konvexnimi ¢dstmi poklesové kotliny byly
tehdy stanoveny pomoci inflexnich bodu, k emuz bylo teba stanovit pomoci
MKP 2D nejprve prihybovou &éru poklesové kotliny (svisle nebo vektorove),
k nf prvou jeji derivaci (prabéh smérnic teCen k pruhybové kiivee), druhou deri-
vaci (k vyhleddni mista extrému — inflexnich bodu), pripadné i tieti derivaci
(k ur€eni druhu extrému), coZ se podaiilo diky spolupraci autora prispévku
s RNDr. Jifim Magindou CSc., APEG, s 1. 0. Prubéh deformaci — prihybu pokle-
sovych kotlin respektuje viechny pomoci MKP zachycené vlivy prvku nalézaji-
cich se v celém vySetfovaném zemnim prostredi, tedy zabudovanych kanaliza¢-
nich fadu, realizovanych kolektort, kabelovodu silnoproudych i slaboproudych,
vodovodnich fadd, podchodu, umélych nebo pifrodnich kaveren, dopravnich

INTRODUCTION

Using simple engineering considerations and basic tools of geomechanics, the
author of this paper tries to describe the behaviour of ground environment where
the original state of equilibrium is continually disturbed by tunnel excavation, and
to complement and explain the experience-based ideas of the potential originati-
on of local loosening of ground, the growth and direction of the loosening advan-
cing with the advance of the tunnel excavation, and to present warning informa-
tion about the possibilities of development of instability in the environment
whose integrity is being corrupted.

The paper contains information on the state of parts of ground environment
loaded both by external effects of surface buildings and changes in the state of
stress in the rock massif induced by the tunnel excavation work. This state is defi-
ned using the term “corruption of integrity due to local virtual loss of stability
(LVLS) of ground environment”. The information is based on some type of the
detailed elastoplastic solution of the “2D geomechanical mathematical model”
(2D GMMM) using the 2D FEM, i.e. on the known development of deformati-
ons and displacements, components of stresses, reduced stresses, principal stres-
ses etc. An extension of common FEM solutions is the determination of “displa-
cement curves (boundaries of settlement troughs) at an arbitrary level of the
2D GMMM?”, the “inflexion points of settlement troughs™ pertinent to those sett-
lement troughs, and eventually determination of “trajectories of the local virtual
loss of stability of the ground environment”, all in the 2D mode.

In the conclusion, the author formulates another extension of the issue of the
above-mentioned geomechanical relationships covering a solution of “surfaces of
the 3D local virtual loss of stability of ground environment in the 3D GMMM
using the 3D FEM”, and mentions the “problem of geomechanical mathematical
connection of the local virtual loss of stability of ground environment or of its
part suffering total corruption of integrity due to a global loss of stability in the
ground environment”.

LOCAL VIRTUAL LOSS OF STABILITY SOLUTION ASSUMPTIONS

Let us assume that

@ the solution of the 3D GMMM problem characterised by continuous terrain
surface and rock/ground properties allowing origination of the local virtual
loss of stability can be sufficiently exactly described by solving a 2D problem,

@ geomechanical properties are known at any selected point of the GMMM,

@ known at any point of the GMMM are: all components of deformation and
the stress tensor determined in the elastoplastic, viscoelastic or stiff-elasto-
plastic area with viscose properties, pore pressures, groundwater effects etc.,
and that FEM programs for calculation of all quantities involved in the solu-
tion are available,

@ the presented mathematical-physical “model of origination of local virtual
loss of stability” of ground environment, granular environment, rock etc. can
be formulated with sufficient accuracy and fidelity on the basis of the above
assumplions and information.

SETTLEMENT TROUGH DEFINITION USING INFLEXION POINTS

A detailed investigation of the problem of settlement trough, and primarily an
investigation of the development of settlement at an arbitrary strip of the ground
environment was requested already in 1994 (during the excavation of the Mra-
zovka tunnel under U Nikolajky Street and under Ostrovského Street in Prague
Smichov). The boundaries between the concave and convex parts of the settle-
ment trough were determined using the inflexion points then. It was necessary for
this work to determine, by means of the 2D FEM, first the deflection curve of the
settlement trough (in vertical or vector terms), then the first derivation of this
curve (slopes of tangents to the deflection curve), the second derivation (allowing
us to find the extreme points, i.e. the inflexion points), possibly also the third
derivation (allowing us to determine the type of the extremes). This problem was
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tuneld apod. véetné zmén inZenyrskogeologickych podminek. Dislednym moni- solved successfully owing to collaboration of the author of this paper with RNDr
toringem prostorovych zmen zemniho prosted{ vyvolanych razbou a zmén geo- Jiff Masinda CSc, APEG s r.o0. The development of deformations (deflection) of
mechanickych charakteristik razbou zasazeného zemniho prostredi Ize pomoci the settlement troughs respects all effects of the elements found in the entire
MKP priibézné sledovat a upfesiiovat GMMM, a tim i polohu a charakter inflex- investigated ground environment (existing sewers, utility ducts, heavy-current
nich bodu, napr. i pomocf inverzni analyzy, verifikaci vstupnich veli¢in apod. and weak-current cable ways, water mains, sewer ducts, changes in engineering
o o ) geological conditions, galleries, crossings under artificial or natural caverns, traf-
DEFINICE LOKALNI VIRTUALNI ZTRATY fic tunnels, etc.) identified by the 2D FEM. By consistent monitoring of 3D chan-
STABILITY ZEMNIHO PROSTREDI ges in the ground environment induced by the excavation work, and changes in
Pivodnf elementdrni, maly obdélnikovy prvek v referencnf kiivee prejde po geomechanical characteristics of the ground environment affected by the excava-
deformaci zemniho prostiedi obecné do elementdrniho prvku kosodélnikového tion, using the 2D FEM, the GMMM and also the inflexion points can be conti-
v kfivee deformaéni &ry v prihybu poklesové kotliny. Kosost obdélnika je nej- nually .follo'wed and refined, fqr instance using also the inverse analysis method,
vyrazngji v misté inflexniho bodu, v némy je smérnice tecny deformacni &ary | by verification of entry quantities, etc.

nejvetsi, coz potvrzuje lokdlnf extrém druhé derivace deformacni ¢dry. Uvazuje-
me-li dvé soumezné, téméf vodorovné vrstvy zemniho prostedi, vzniklé ve DEFINITION OF LOCAL VIRTUAL LOSS OF STABILITY
sméru svislého posunu sousednich inflexnich bodu, zjistime, Ze vrstvy v misté OF GROUND ENVIRONMENT

maximdlniho ¢i minimélniho prihybu poklesové kotliny se navzdjem téméf neo-
vliviuji, zatimco piiblizné v mistech inflexnich bodu je ovlivnéni znacné, rela-
tivné nejvetsi pro danou reflexni kiivku, fesitelné v pripadé zemniho prostredi
pouze vytvorenim soustavy smykovych posunt — kluznych Ear, piiblizné rovno-
béZnych se svislym posunem, tedy vytvorenim lokdln{ virtudlni smykové ztrity
stability zemniho prostiedi. Velmi priblizné l1ze predpoklddat, Ze oblast prostou-

Vyey

After the deformation of the ground environment, an original simplest small
rectangular element found on a reference curve is transformed generally into
a simplest thomboidal element of the deformation curve, within deflection of the
settlement trough. The degree of obliqueness of the rectangle (rhomboid) is the
most marked at the inflexion point, where the slope of the tangent of the defor-
mation curve is the steepest. This fact is confirmed by the local extreme of the
second derivation of the deformation curve. If we consider two adjacent, nearly
horizontal layers of ground environment that originated in the direction of the ver-
tical displacement of neighbouring inflexion points, we will find out that the
interaction between the layers at the point of maximum or minimum deflection of
the settlement trough is nearly zero, while the interaction at the inflexion points
is considerable, relatively the highest for the given deflexion curve. This interac-
tion can be solved in the case of ground environment only by the creation of a set
of shear displacements (slip lines) approximately parallel to the vertical displace-
ment, i.e. by creation of a local virtual shear-related loss of stability of ground
environment. It can be assumed, very approximately, that the area interpenetrated

inflexntho bodu. Lze tedy definovat: Soubor lokalnich inflexnich bodu, spoje-
nych velmi malymi pohyby vySetfovanych deformovanych pruhybu pokle-
sovych kotlin, definuje trajektorii lokalnich bodu — inflexni trajektorii, ktera
reprezentuje lokalné oblasti zemniho prostredi, které jsou vystaveny virtu-
4lnim smykovym posunum, indikujicim moznou lokalni virtualni ztratu sta-
bility ¢4sti vySetrovaného zemniho prostredi.

VLASTNOSTI TRAJEKTORIE LOKALNI o
VIRTUALNI ZTRATY STABILITY ZEMNIHO PROSTREDI

Pfedeviim nutno zdiraznit, Ze se jednd o virtudlni ztratu stability, kterd with shear surfaces is identical in terms of the position of the centre of gravity
vytvéif jakousi piipravu k dal$fm geomechanickym postupiim a procesim. Tra- with the position of the inflexion point. It can be therefore defined: The set of
jektorie lokdlni virtudIn ztrdty stability zemniho prostednf, definovaného mate- local inflexion points, interconnected through very small motions of the
maticky GMMM a spliijictho predpoklady fesenf lokdln{ virtudlnf ztréty stabili- investigated deformed deflections of settlement troughs, defines the trajecto-
ty zemntho prostiedf, definuje po Cdstech spojité dseky, v nichZ dochdzi k virtu- ry of local points (the inflexion trajectory), which represents local areas of
dlnfmu smykovému rozruSovéni téchto oblasti, jejichZ t€Zisté jsou v inflexnich ground environment that are exposed to virtual shear displacements indica-
bodech. Smykové rozrusovéni oblasti podél trajektorie nabyva riiznych hodnot ting a potential local virtual loss of stability of a part of the investigated
a stupné intenzity priblizné dmérych hodnoté smérnice te¢ny, vedené v inflex- ground environment.

Vv

nim bodé. Smykové rozruseni ve sméru pfiéném k trajektorii je maximaln{
primo v inflexnim bodé, nebot’ se vzdalenosti od trajektorie se lokdlni virtudlni PROPERTIES OF THE TRAJECTORY OF THE LOCAL VIRTUAL

ztrédta stability zmenSuje, tj. ubyvéd smykové rozruseni.

Trajektorie lokdln{ virtudlni ztrdty stability zemniho prostiedi vyjadiuje lokdlné LOSS OF STABILITY QF QROUND ENVIRO.N.ME“_IT
nejkritictéjsi cestu pro moZny potencidlni vznik smykové kfivky ztrity stability Stress must be placed primarily on the fact that this is a virtual loss of sta-
prostredi, avSak zustdvd virtudlni, tj. ztratu stability nevyvoldvd, protoZe existuje bility, which creates kind of preparation for other geomechanical processes.
je¥té fada mist, v nichz k lokaln{ ztrdté stability dosud nedoslo. Tato mista tvofi sta- | L he trajectory of the local virtual loss of stability of the ground environment
bilizujici mosty proti ztraté stability zemniho prostied;. that is de_flned mathemahc_ally by the GMMM and meets the assumptions Qt

Trajektorie lokdlni virtudlni ztrity stability oblasti nemusi byt ani spojité, ani | the solution of the local virtual loss of stability of ground environment defi-
hladké, protoZe respektuji matematicky vlivy nejriiznjsiho charakteru, j. vlivy nes locally continuous sections whqre virtual shc;ar—rel.ated corruption of inte-
nespojité, stupniovité, osaméle pusobici sily, vlivy pretrZité, skokové apod. Tra- grity of the areas takes place (their centres of gravity are at the inflexion
jektorie lokdlni virtudlni ztrdty stability zemniho prostfedi se méni, vznikaji points). The shear-related corruption of integrity in the areas along the trajec-
a zanikaji, své jizvy zaceluji a presouvaji se podle zmény charakteru zatiZeni tory assumes various values and degrees of intensity, which are approximate-
a charakteru geomechanickych vlastnosti zemntho prostiedi, zvétsujf se a pro- ly correlated with the value of the gradient of a tangent drawn at the inflexi-
dluzuji podle riistu zatiZen{ apod. on point; transversely to the trajectory the shear-related corruption of inte-

Lokalni virtudlni ztrata stability zemniho prostieni reaguje okamiité grity is maximal at the flex point because the local virtual loss of stability
a citlivé na vnéjsi podnéty a impulzy geomechanického charakteru a vytva- diminishes with the growing distance from the trajectory, i.c. the shear-rela-
¥i preventivni lokalni virtudlni ochranu v signalizaci stupné mozné potenci- ted corruption of integrity decreases.
alni lokalni ztréty stability tvaru a sou¢asné preventivni signalizaci, hodno- The trajectory of local virtual loss of stability of ground environment expres-
tici v souvislosti s bezpecnosti postupu disledky zisahii provadénych do ses the locally most critical path for the potential origination of a slip line of loss
zemniho prostiedi. of stability of the environment, but it remains virtual, i.e. it does not induce the

loss of stability because there exist other places where the local loss of stability

LOKALNI VIRTUALNI ZTRATA STABILITY has not taken place yet. Those places form stabilising bridges preventing the
ZEMNIHO PROSTREDI V GMMM 3D loss of stability of the ground environment.

The trajectory of local virtual loss of stability of the areas do no have to be
either continuous or smooth because they respect, in mathematical terms,
effects of widely assorted character, i.e. the effects of a discontinuous, step-like,

B ; P concentrated force, discrete, jumping and other effects. Trajectories of local vir-
DEFINICE PROSTOROVE POKLESOVE KOTLINY INFLEXNIMI CARAMI tual loss of stability of ground environment change, originate and dissolve, they

Predpoklady reSeni uvidéné pro vySetfovani lokalni ztraty stability zemniho
prostfedi v GMMM 2D plati s malymi obménami a tpravami i v GMMM 3D.

Analogicky k rozdéleni poklesovych deformaénich kiivek pomoci inflexnich close up their scars and move (according to the changes in the character of loa-
bodu na &ést konkédvni a konvexnf Ize rozdélit i poklesovou plochu kotliny inflex- ding and the character of geomechanical properties of the ground environment),
nimi ¢arami na oblast s kladnou Gaussovou kfivosti a oblast se zdpornou Gaus- grow and extend with the growing load, etc.
sovou kiivosti. Podobné jako v inflexnim bodé je kiivost poklesové deforma¢ni The local virtual loss of stability of ground environment responses
kfivky nulova, je i v inflexni ¢dre Gaussova kivost nulova immediately and sensitively to external impulses of a geomechanical cha-

Body inflexni &ry jsou uréeny jednak soufadnicemi bodu referenéni prostoro- racter, and creates preventive local virtual protection by signalling the
vé poklesové plochy, na niZ jsou nalezeny, jednak souradnicemi jejich presunu na degree of potential local loss of stability of the massif and, in the same time,
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Obr. 1 Test — sklon svahu 3/8
Fig. 1 Test — slope gradient 3/8

plochu deformacni — poklesovou prostorovou zénu, z niz jsou stanoveny dile
smeérovymi kosiny hlavni normdly v bodech inflexni ¢ary referen¢ni plochy.

Stanoveni poklesové prostorové plochy respektuje opét vSechny objekty, obsa-
zené ve vypoltu GMMM 3D, véetné tam jiz zabudovanych kolektoru, tunelu,
kabelovodu apod., sleduje lokdlni zmény zemniho prostredi, vlivy hladiny pod-
zemni vody, piipadné i zménu technologie razby podzemniho dila.

PROSTOROVA LOKALNI VIRTUALNI ZTRATA STABILITY
ZEMNIHO PROSTREDI

Soubor lokélnich inflexnich Car, navrSovanych a napojovanych po velmi
malych dsecich vySetfovanych deformovanych ploch, definuje hyperplochu
lokélnich inflexnich ¢ar — inflexn{ hyperplochu, kterd reprezentuje oblasti zemni-
ho prostredi, které jsou vystaveny virtudlnim smykovym posunum, indikujicim
moznou lokdln{ virtudlni prostorovou ztrétu stability ¢innosti (razbou) narusova-
né zeminy.

Na inZenyrskogeomechanické vlastnosti bodu ,,inflexni hyperplochy prostoro-
vé lokdlni virtudlni ztrdty stability zemniho prostiedi* Ize usuzovat v kazdém
jejim bodé z velikosti pootoceni (thlu napt. v %) hlavni normdly, vedené k te¢né
roviné tohoto bodu plochy, od svislé piimky, resp. ze spadu te¢né roviny kazdé-
ho bodu plochy a usuzovat na mozny stupen prostorové lokdln{ virtudlni ztraty
stability zemniho prostfedi. Hodnoty pooto¢eni hlavni normdly pak urluji oblas-
ti na hyperploSe, které mapuji (obdobné jako trajektorie lokdlni virtudlni ztréty
stability zemniho prostredi) mozny rozsah a stupen lokdln{ virtudln ztrdty stabi-
lity. Tyto plochy nemusi byt souvislé, vznikaji a zanikaji, zaceluji se a pfesouva-
lity zemniho prostredi signalizuji mozné dusledky dalStho postupu razby
a dalSich z4sahu do zemniho prostredi. Vznik a existence téchto hyperploch
prostorové lokdln{ virtudlni ztréty stability zemniho prostfedi, predevsim jejich
poloh a sméru §ifenf (i po Edstech naznadenych), poskytuji instruktivni informa-
ce o realizovaném i 0 moZném dal$im vyvoji virtudlnich pohybu i vznikd pfi-
padnych lokélnich virtudlnich nehomogenit, technicky diagnostikuji soucasny
stav, signalizuji i moZné hranice ttvaru globdlni ztrity stability a umoznuji zajis-
tit dalsi bezpecnou ¢innost v podzem.
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Obr. 2 Test — sklon svahu 5/8
Fig. 2 Test — slope gradient 5/8
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it provides preventive signals based on assessing the results of actions car-
ried out in the ground environment in terms of the safety of the progress.

LOCAL VIRTUAL LOSS OF STABILITY OF GROUND
ENVIRONMENT IN 3D GMMM

The assumptions of the solution adopted for the investigation of local loss of
stability of ground environment in the 2D GMMM apply, with minor changes and
adjustments, also to the 3D GMMM.

THE DEFINITION OF A 3D SETTLEMENT TROUGH
USING INFLEXION CURVES

Similarly to the division of the subsidence deformation curves into conca-
ve and convex parts by inflexion points, also the settlement surface of the
trough can be divided by inflexion curves into an area with positive total
(Gaussian) curvature and an area with negative Gaussian curvature. Similar-
ly to the curvature of the settlement deformation curve assuming a zero value
at the inflexion point, the value of the Gaussian curvature is zero along the
inflexion curve.

The points of the inflexion curve are determined both by co-ordinates of
the points of a reference 3D settlement surface that they are found on, and by
co-ordinates of their transition to the surface of the deformation surface (the
spatial settlement zone), and by the directional cosines of the principal nor-
mal line drawn at the points of the inflexion curve of the reference surface.

The determination of the 3D settlement surface respects again all the
structures contained in the 3D GMMM calculation, including the existing
utility ducts, tunnels, cable ducts etc.; it follows the local changes in the
ground environment, effects of water table, even a change in the tunnel exca-
vation technique if any.

3D LOCAL VIRTUAL LOSS OF STABILITY
OF GROUND ENVIRONMENT

The set of local inflexion curves, piled up and connected progressively as
a sequence of very small sections of the investigated deformed surfaces, defi-
nes a hyper-surface of local inflexion curves (an inflexion hyper-surface),
which represents the areas of the ground environment that are exposed to vir-
tual shear displacements indicating a potential local virtual 3D loss of stabili-
ty of the ground with corrupted integrity due to an activity (excavation work).

The engineering geomechanical properties of the points of the “inflexion
hyper-surface of 3D local virtual loss of stability of the ground environment”
and the possible degree of the 3D local virtual loss of stability of the ground
environment can be estimated at each of the points of the surface according to
the magnitude of the angular displacement (swing = an angle, e.g. in %) of the
principal normal line led to the tangential plane touching the surface at this
point from a vertical line (put another way, from the gradient of a tangential
plane touching the surface at any point of the surface). The values of the angu-
lar displacement determine the areas within the hyper-surface that illustrate
(similarly to the trajectory of the local virtual loss of stability of ground envi-
ronment) the possible extent and degree of the local loss of stability. Those
surfaces do not have to be continuous; they originate and dissolve, close up
and move, enlarge and widen. The hyper-surfaces of the 3D local virtual
loss of stability of ground environment signal possible consequences of
further advancing of the excavation and other activities affecting the
ground environment. The origination and existence of these hyper-surfaces

Pootoceni (%)
Swing (%)
-5,584

3,187

0,790

1,607

4,004

6,401

8,798

m1 234
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Obr. 4 Tunel Brezno - §tola -5 m
Fig. 4 The Brezno tunnel — Gallery — 5.0 m
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Obr. 6 Tunel Brezno — §tola — 20 m
Fig. 6 The Brezno tunnel — Gallery — 20.0 m

APLIKACE LOKALNI VIRTUALNI ZTRATY STABILITY (LVZS) ZEMNIHO

PROSTREDI NA RESENE KONKRETNI PRIPADY GMMM 2D

Uvedené piiklady byly doplnény aplikaci LVZS dodate¢né aZ nyni, protoze
v dobé feSeni tehdy zdvaznych problému vystavby toho kterého stavebniho
podzemniho objektu nebyla predloZend feleni problému teoreticky zpracové-
na. Po doplnéni vSak poskytuji i nyni retrospektivné instruktivni pohled na
geomechanické skute¢nosti, které mohly tehdy nepriznivé probéhnout a ovliv-
nit vystavbu, avSak byly pfekondny vysoce profesiondlnimi rozhodnutimi zku-
Senych vedoucich realizdtort vystavby podzemnich staveb. Uvedené priklady
vyvoldvaji i konfrontace s nékterymi zndmymi predpoklady, napf. s Trompe-
terovou z6nou rozvolnéné horniny, dodnes pouZivanymi zpusoby uréeni zati-
Zen{ podle Kommerella, Protodjakonova, Cimbarevice, Terzaghiho a dalSich.

Za G&elem vytvoreni predstavy o zpusobu, moZnostech a o vysledcich
pouziti je uveden jako test nejjednodussi stabilitni pripad svahu, u kterého
se méni sklon: 3/8 (obr. 1); 5/8 (obr. 2); 6/10; 8/10; 0/10 (obr. 3). Ve svahu

-1,084
-0,709
0,334
0,041
0,416
0,791
1,165

Obr. 8 Tunel Mrdzovka — 1. etapa
Fig. 8 The Mrdzovka tunnel — Phase 1
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Obr. 5 Tunel Biezno — $tola — 10 m
Fig. 5 The Brezno tunnel — Gallery — 10.0 m
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Obr. 7 Tunel Mrdzovka — terén — Stola
Fig. 7 The Mrdzovka tunnel — Ground surface — Gallery

of the 3D local virtual loss of stability of ground environment, primarily their
positions and direction of their spreading (even in parts) provide instructive
information on the realised and also possible future development of virtual
displacements and origination of local virtual inhomogeneities, if any; they
diagnose the current state technically, also they signal possible boundaries of
the body of global loss of stability, and allow further safe underground work
to be organised.

APPLICATION OF THE LOCAL VIRTUAL LOSS OF STABILITY
(LVLS) OF GROUND ENVIRONMENT TO PARTICULAR
ALREADY SOLVED CASES OF 2D GMMM

The presented examples were supplemented by this application of the
LVLS of ground environment subsequently, now, because none of the sub-
mitted solutions of the problems were finished at the time of solving then
serious problems of the construction of the respective underground structu-
re. Once completed, they provide even today, retrospectively, an instructive
view of the geomechanical realities that could develop unfavourably and
affect the construction then, but they were overcome by highly professional
decisions made by experienced teams managing the underground constructi-
on projects. The presented examples arouse confrontations with some known
assumptions, for instance with the Trompeter’s zone of loosened ground, the
up to now used methods of determination of the load according to Komme-
rell, Protodjakonov, Cimbarevicz, Terzaghi and others.

To explain the idea of the method, possibilities and results of the applicati-
on, the simplest stability case is presented, i.e. a slope with varying gradient:

3/8 (Fig.1); 5/8 (Fig. 2); 6/10; 8/10; 0/10 (Fig. 3). Trajectories of local vir-
tual loss of stability that could lead to some type of global loss of stability
during their subsequent development are presented in the slope.

Other applications illustrate typical trajectories of the LVLS of ground
cover of the Brezno tunnel. The development of the trajectories with the
depth of the mined tunnel is obvious. The full-face excavation of the tunnel
is carried out at depths of about 5.0 m (Fig. 4), 10.0 m (Fig. 5) and 20m (Fig.
6). The configurations of the trajectories do not differ with the depth signifi-
cantly in close proximity to the tunnel, but the reached values of slopes of
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Obr. 9 Tunel Mrdzovka - 2. etapa
Fig. 9 The Mrdzovka tunnel — Phase 2
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Obr. 11 Kolektor Panskd ul. — Exico — 1. ldvka
Fig. 11 The utility tunnel Panskd Street — Exico — top heading
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jsou uvedeny trajektorie lokdlni virtudlni ztréty stability, které by svym dal-
$fm vyvojem mohly vést k nékterému typu globdlni ztréty stability.

Dalsi aplikace zobrazuji typické trajektorie LVZS zemniho nadloZi tunelu
Brezno. Ziejmy je vyvoj trajektorii v zdvislosti na hloubce raZeného tunelu.
Tunel je vyraZen v plné plose v trovni cca 5 m (obr. 4), v 10 m (obr. 5) a ve
20 m (obr. 6) pod terénem. Konfigurace trajektorii se v bezprostrednim okoli
tunelu v zdvislosti na hloubce prili§ nelisi, avsak dosazené hodnoty jednotli-
vych bodu trajektorif se li§{ podstatné od max. 0,52 % u obr. 4, pres 1,021 %
uobr.5na2,044 % u obr. 6 a signalizuji v zavislosti na hloubce razby tune-
lu mozZnost lokdln{ virtudlni ztrity stability horninového masivu.

Dalsimi aplikacemi jsou zobrazenf prubéht trajektorii LVZS zemniho prostre-
di u tuneld Mrazovka I a II. Oba tunely byly razeny v obtiZnych inZenyrskoge-
ologickych podminkdach, které vyzadovaly neustdlé sledovani komplexnim systé-
mem monitoringu, doplnovanym podrobnymi vypocty zejména v oblasti pod
zdstavbou ulice Ostrovského a pozdéji U Nikolajky. Prave typ tohoto sledovani
je vhodny pro aplikaci trajektorii (LVZS) zemniho prostiedi, nebot’ preventivné
signalizuje mozné pohyby zemniho prostiedi a pomdhd fizeni geotechnickych
rizik (obr. 7, obr. 8, obr. 9, obr. 10), které si bez LVZS nelze jiz predstavit.

Zavazné aplikace trajektoriif LVZS zemniho prostiedi se jevi v prostoru uli¢ni
méstské oboustranné zdstavby pozemnimi objekty se soustavou inZenyrskych
sitf, coZ se zpravidla naskytd pri razbé kolektort (Panska ul., Jindfigskd, Politic-
kych véznu, Vodickova). Razba v ulici Panské pod hotelem Palace a objektem
Exico byla chrdnéna z obou stran tryskanymi pilifi, dvojitymi na strané pravé,
jednoduchymi vétstho praméru na strané levé. Diky tryskanym pilifim se trajek-
torie vyhybaji zdkladim zdstavby a sméfuji k povrchu ulice, a to jak pii vlastni
razbé (obr. 11), tak i po jejim ukon&eni (obr. 12), avSak postupné zasahuji inze-
nyrské objekty siti, coz muze byt pro tyto objekty nepriznivé.

DOC.ING. VACLAV HORAK, DrSc.
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Obr. 10 Tunel Mrdzovka — tunel
Fig. 10 The Mrdzovka tunnel — Tunnel
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Obr. 12 Kolektor Panskd ul. — Exico — tunel
Fig. 12 The utility tunnel Panskd Street — Exico — tunnel bottom

the trajectories at the individual points differ substantially, from maxi-
mally 0.52 % in Fig. 4 through 1.021 % in Fig. 5 to 2.044 % in Fig. 6,
which signals a possible increasing LVLS of the ground environment
around the tunnel.

Other applications are images of the paths of trajectories of the LVLS
of ground environment at the Mrazovka I and II tunnels. Both tunnels
were excavated in difficult engineering geological conditions that requ-
ired continual observation by a comprehensive monitoring system,
which was complemented by detailed calculations, mainly in the area of
Ostrovského and later U Nikolajky streets. This particular type of obse-
rvation is especially suitable for the application of the trajectories of the
LVLS of ground environment, because it preventively signals potential
movements of the ground environment, and helps in the geotechnical
risk management system (Fig. 7, Fig. 8, Fig. 9, Fig. 10), which one can-
not imagine any more without the LVLS of ground environment.

As significant applications of the trajectories of the LVLS of ground
environment we can consider the applications to streets with buildings
along either side and with a system of utility networks, i.e. sewer ducts,
tunnels, water mains and gas pipelines etc. This situation is typical of the
excavation of utility tunnels (Panskd Street, Jindfiskd, Politickych
véznu, Vodi¢kova streets). The excavation in Panska Street under
Palace Hotel and the Exico building was protected on both sides by jet
grouted columns, double ones on the right side and simple (of a larger
diameter) on the left side. Thanks to the jet grouted columns, the trajec-
tories do not touch foundations of the buildings, and they lead to the stre-
et pavement, both during the excavation work proper (see Fig. 11) and
after its completion (see Fig. 12). They, however, pass through utility
networks, which can be unfavourable for those structures. )
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STOLA V PODLOZI PREHRADY BYSTRICKA JAKO OPATRENI
K ZAJISTENI STABILITY HRAZE

GALLERY IN THE BASE OF THE BYSTRICKA DAM AS A MEASURE
FOR STABILISATION OF THE DAM'S WALL

MARTA DOLEZALOVA, JIRI SVANCARA, VACLAV TORNER

Prehrada Bystficka slouzi v soucasnosti vedle rekreaéniho vyuziti predevsim
pro ochranu pred povodnémi. Jiz v minulosti byla provadéna opatieni ke zvyse-
nf stability zdéného hrazového télesa, v ramci generdlni opravy v letech 1965 az
1968 byla 36,5 m vysokd hrdz kotvena do podloZi. Na prehradni hrézi se zacaly
vyskytovat v devadesatych letech zavazné poruchy a vodni dilo vyzadovalo opra-
vu. To byl divod, pro¢ vlastnik — Povodi Moravy — rozhodl o provedeni nutnych
opatfeni. Postupné byly zpracovdny podklady v&etné matematickych modeld,
které prinesly komplexni pohled na problematiku bezpe¢nosti a spolehlivosti.
Bezpecnost prehrady je zdvisld predevsim na vodotésnosti a integrité zdiva, pod-
kladového betonu a podloZi. Vedle zdméra opravy, kterd by zastavila nepfiznivy
vyvoj starnuti hréze, byla provéfovéana i rizika preliti hrdze béhem extrémnich
povodni a hodnoceny moznosti ke zlepSeni operativniho fizen{ odtoku. Prispévek
popisuje stav prehrady pred rekonstrukei véetné numerické analyzy stability
a prusakovych poméru dila, koncepci rekonstrukee a jeji vliv na stabilitu prehra-
dy a aktudlni stav praci po zahdjeni rekonstrukce. Dokumentuje se také rozsah
praci provddénych hornickym zpasobem.

INFORMACE O VD BYSTRICKA

VD Bystiicka (obr. 1) je prvni a jedind z planovanych nadrzi, které byly pro-
jektovény v povodi Vsetinské BeCvy pro napéjeni pruplavu dunajsko-oderského.
Prizkum pro vystavbu prehrady byl zahdjen v roce 1903, prvni etapa stavby zaca-
la na jare 1908 pracemi spojenymi s razbou obtokovych Stol a dokoncena preve-
denim toku Bystficky $tolami v dubnu 1910. Vlastn{ vylom Stol byl zapoCat v Cer-
vnu 1908 soucasné z obou stran. V letech 1910 a 1911 probihala vystavba zdéné
hréze vysoké 36,5 m. Stavba byla dokoncena koncem roku 1912. Podle manipu-
la¢niho fadu je hlavnim dcelem dila ochrana pred povodnémi — sniZeni kulmi-
nacnich pritoku v koryté Bystiicky pod nddrzi s ¢astecnou ochranou na dolnim
toku Bystiicky a Vsetinské Be¢vy. V roce 1997 se na VD Bystiicka vyskytla situ-
ace s kulmina¢nim pratokem odpovidajicim priblizné stoleté povodni, pii kterém
byla dosaZena maximdln{ hladina v nddrZi.

V letech 1965-1968 se uskutecnila generdlni oprava dila zajistijici kotvenim
stabilitu hrdze v souvislosti se zvy$enim hladiny zdsobniho prostoru. Z 26 lano-
vych kotev, predepnutych na prumémé zatizeni 3700 kN na jednu kotvu, bylo
v roce 1970 plné funk&nich jiZ jen 25. Pii kontrole napéti na jednotlivych kotvich
v roce 1994 se nepodafilo vibec predepnout &tyfi kotvy v tdolni &asti, kde pre-
hrada dosahuje maximélni vy3ky. U jedné z nich dokonce doslo k pretrzeni lana
pri asi 70% predepnuti. Na tomto lan¢ se uskute¢nily metalografické rozbory se
zdvérem, Ze nejpravdépodobnéjsi pricinou pretrzeni pri novém predpindni byly
nedostatky pfi vyrobé kabelu dané Spatnou kvalitou drdtu v kombinaci

Obr. 1 VD Bystricka — prehlednd situace
Fig. 1 Bystricka Dam — General Arrangement

Apart of being a recreational facility, the Bystficka dam is mainly used for flood
protection. Within the scope of the general remedial works carried out in the period
1965 to 1968, an attempt was made to increase the stability of the 36,5 m high
masonry dam by cable anchors. The steel cable anchors were installed in boreholes
deepened from the crest of dam to the bedrock. However, in the 90-ties of the last
century the masonry dam started to show serious defects, which called for repairs of
the whole structure. This resulted in the decision of the Management of the Morava
River Basin, the owner of the dam to start with the necessary remedial measures. The
background data developed gradually for the purpose and supported by relevant
numerical models brought around a complex view on the safety and reliability of the
dam. Safety of the dam depends mostly on the water-tightness and integrity of the
stone masonry, foundation concrete and bedrock. Apart of the obvious intentions to
stop the deterioration of the masonry, the risks of overtopping the dam under extre-
me flood conditions and the possibilities of improving the water release control were
evaluated. The paper describes the stability and seepage conditions of the dam befo-
re reconstruction analysed by numerical models, concept of the reconstruction and
its impact on the overall stability of the dam, and the current situation of remedial
works. Works performed by mining methods are outlined as well.

BYSTRICKA DAM — BACKGROUND INFORMATION

The Bystricka dam is the first and only dam of the planned impoundments, which
were designed in Vsetinska BeCva River Basin to supply the Dunaj-Odra Channel
with water (Figure 1). The site investigation commenced in 1903. The construction
started in spring 1908 by tunnelling the bypass galleries and finished by passing the
river via these galleries in April 1910. The excavation of tunnels started in June 1908
and it was done simultaneously from both ends. The 36,5m high masonry dam was
built in the period 1910 to 1912. According to the Regulations, the dam is intended
mainly for flood protection purposes, reduction of cumulative flows through the
Bystricka River under the dam, and a partial protection of flows in the lower Bystric-
ka and Vsetinska Becva rivers. The magnitude of the culminated flows of the 1997
floods represented approximately the magnitude of a one hundred year flood at the
dam. During the flood the reservoir level reached its maximum.

In the process of the repair works from 1965 to 1968, steel cable anchors were
installed from the crest of dam to the bedrock in order to strengthen the dam. This
was necessary in view of the required raising the supply level. However, from the
26 original cable anchors, pre-stressed for an average load of 3700kN per anchor,
only 25 were still fully functional in the year 1970. During checking the prestress
in 1994, four of these anchors, situated in the valley section with maximum height
of the dam, could not be tensioned at all. One of them actually snapped when
70 % of the specified load was applied to it. This cable was then submitted to
metal-graphic analysis, which suggested that the failure was most probably due
to a bad quality of wires used for its fabrication and the attack by corrosion ampli-
fied by the cable’s exposure to a high stress over a prolonged period.

The unsatisfactory situation was worsened still further by separation of the
upstream stone facing from the dam body, as was discovered in the 90ties of the
last century. The situation was handled by temporary measures like completing
the measuring devices for observation and continuous monitoring of the dam inc-
luding remote data transfer. Investigation was contracted and carried out in order
to produce input data for numerical models aiming at analysis of stability and see-
page conditions of the dam. The preparatory works commenced in 1995. Due to
their complexity they had to be divided into several phases. The work was finis-
hed by submission of the Technical Report in 2002, which offered a number of
alternative solutions to the problem [1].

STABILITY AND SEEPAGE CONDITIONS
OF THE DAM BEFORE RECONSTRUCTION

MODELLING CONCEPT

According to the assignment, the first modelling phase aimed at:
@ Assessment of the dam’s stability taking into account the influence of the
anchors (0; 50; 100%) and other safety measures (grout curtain, drainage);
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s pridavnymi koroznimi G¢inky pri dlouhodobém provozu kabelu v zatiZeném @ Prediction of the stresses and strains of the dam and its foundation during the
stavu. reservoir operation and at the limit state in order to get input data for moni-
Navic se v poloviné 90. let zacala vyraznéji projevovat porucha spocivajici toring and warning stages.

v odtrZeni vetsi ¢dsti obkladni zdi na ndvodni strané od hréze. Situace byla rese- The supplementary geological investigation making use of 77 m deep boreho-
na docasnymi opatienimi. Byla doplnéna zaifzeni pro méfeni a pozorovanf véet- les drilled from the crown of the dam to the bedrock and also of boreholes on the
né kontinualniho sledovani a ddlkového prenosu dat. Byly zaddny prizkumné downstream side demonstrated the discontinuous nature of the masonry dam and
préce s cilem zajistit podklady potiebné pro modelové vpotty stability a prisa- its foundation. The bedrock consists of two fonpationg (sandstone and ponglo—
kovych poméra dila. Piipravné prace byly zahdjeny v roce 1995 a pro svou nrod- merate stratum ar}d .c]ayey shale) featuring entirely .dlf'ferent deformation . apd
nost probihaly v nékolika etapach. Byly ukonCeny v roce 2002 zpracovéanim tech- strength characteristics. Furthermore, the rock mass is weakened by three joint
nické studie, kterd predlozila moZné varianty feSen [1]. systems [2]. The water pressure tests confirmed existence of discontinuities bet-

ween the concrete bed and the stone masonry, heterogeneity of the masonry and
STABILITNi A PRUSAKOVE POMERY PREHRADY permeability of the concrete bed (an up to 3 m thick concrete layer between the

& P masonry and bedrock, Figure 2). This was the reason for replacing the Finite Ele-
PRED REKONSTRUKCI ment Method (FEM), which was originally selected for the numerical analysis,
KONCEPCE MODELOVEHO RESENI by Distinct Element Method (Universal Distinct Element Code). UDEC solves
plane strain problems of a set of blocks connected by joints and the jointed rock
mass can be considered as a typical example of this medium [4].
The selection UDEC was supported by the capabilities of the code
@ to calculate stresses and deformation of masonry and jointed bedrock not
only for normal operational conditions but also for the limit state, i.e. to
simulate the process of failure and formation of slip surfaces,
o to model the fluid flow through the joints of deforming rock mass and the
masonry,
@ to deal with the coupled mechanical-hydraulic and mechanical-thermal pro-
blems of discontinuous media like masonry and jointed rock.

Podle zaddn{ cilem prvni etapy modelového feseni bylo
@ posouzen( stability prehrady s prihlédnutim k d¢inku kotev (0; 50; 100 %)
a dalSich zabezpeCovacich prvku (injekéni clona, drendz);

@ progndza napjatosti a pretvoreni prehrady pri provozu a v meznim stavu jako

podklad pro monitoring a varovné stavy.

Doplitkovy inZenyrskogeologicky prizkum pomoci vrt dlouhych 77 m hlou-
benych z koruny hrdze do podloZi a na vzdusni stran¢ hréze prokdzal diskontinu-
itnf povahu celého zkoumaného prostredi. PodloZi je tvoreno dvéma horninovy-
mi celky (souvrstvi piskove a slepenct a souvrstvi jilovitych bridlic) se zcela

odliSnymi pretvimymi a pevnostnimi charakteristikami a kromé vrstevnjch The first modelling phase [5.6] dealt with the calibration of the model accor-
ploch s¢ Vysk'ytu]l trl da}s1 systémy puklin [2]. Vrty a _vodm tlakové zkousky Ulfa' ding to the measurement results and a parametric study analysing the influence of
zaly existenci spdr mezi vyrovndvacim betonem a zdivem, znacnou heterogenitu the shear strength of the bedrock/concrete contact and the concrete bed/masonry
vlastniho zdiva a propustnost podkladového betonu (obr. 2). Z téchto divodi byla interface on the stability of the dam. Namely, the slip failure hazard of the dam at
namisto puivodné pldnované metody konenych prvki vybrdna metoda oddéle- maximum water level El. 386 was analysed. The effect of the pre-stress of the
nych prvki a pro feSeni byl pouZit programovy systém UDEC (Universal Distin- cable anchors on the stability of the dam at limit state was investigated as well.
ct Element Code) [3]. UDEC fesf rovinny problém mechaniky diskontinua, The basic assumptions of the analysis could be summarised as follows:
konkrétné problém interakce bloku spojenych s kontakty. Typickym piikladem @ a two-dimensional problem under plane strain conditions is considered,
takového prostredi je puklinovy horninovy masiv [4]. o the joints systems in the bedrock are persistent and perpendicular to the cross
Pro feSenou problematiku prehrady Bystiicka byla duleZitd zejména schopnost section of the dam,
metody UDEC o the fluid flow through joints is calculated according to the “cubic law”,
@ fesit napjatost a pretvoreni podloZi a zdiva nejen za normélnich provoznich o cffective stresses in the joints and total stresses in the blocks are calculated,
podminek, ale i za podminek meznich, tj. modelovat proces porusent o the Mohr-Coulomb elastic-perfectly-plastic constitutive model with constant
a vytvareni smykové plochy, Young’s modulus for loading and unloading up to the moment of failure is
@ modelovat proudéni v puklinich deformujictho se horninového prostiedf used for the blocks,
a proudéni ve spdrdch zdiva, o the same constitut@ve model or its version is applied for the contacts; here the
@ fesit sdruzeny problém nejen mechanicko-hydraulicky, ale i mechanicko- cohesion and tensile strength are lost when the peak strength is exceeded,
tepelny’ pro nespojité prostiedi pichradniho zdiva a skalntho podkladu. o the effect of pre-stress of the cable anchors is modelled by means of appro-

V rdmei prvnf etapy feSent [5, 6] se realizovaly sblizovaci vipocty k vysled- priate nodal forces acting on the crown of the dam and in the bedrock.

kim méfeni a parametrickd studie vlivu smykové pevnosti kontaktt beton — pod-
loZ{ a zdivo — beton na bezpecnost prehrady proti usmyknuti pfi maximaln{ hla- RESULTS OF THE SOLUTION

din€ 386 m n. m. Byl zjistovan také vliv predpéti kotev na stabilitu hréze v mez- The calibration of the model according to the measurement results resulted in
nich podminkéch. an acceptable agreement of the calculated values with the measured deformations
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Obr. 2 Vysledky vodnich tlakovych zkousek (1997) v podélném Fezu hrdzi
Fig. 2 Results of borehole water pressure tests (1997) in the longitudinal section of the dam
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Obr. 3a Vyvoj poérovych tlaku pfi maximdlni hladiné 386 m n. m. za predpo-
kladu, Ze podkladovy beton je nepropustny

Fig. 3a Pore pressure distribution at maximum reservoir level E1.386.0 accor-
ding to the stability analysis assuming impermeable concrete bed

Zjednodusujici predpoklady tesenf Ize shrnout takto:

@ fesi se dvojrozmérny problém v podminkéch rovinného pretvorent,

e diskontinuity v podloZi jsou prubéZné a jsou orientovdny kolmo na posuzo-
vany pricny fez hrézi,

@ modeluje se proudéni v puklindch a pritok puklinou se poéita podle kubic-
kého zdkona tecent,

o v puklindch se vypocitavaji efektivni napéti, v blocich napéti totalni,

@ pro bloky se aplikuje idedlné pruzny plasticky model s Mohr-Coulombovou
teorif poruSeni (konstantn{ a stejny pretvarny modul pii pritizeni a odlehce-
ni az do okamziku porusen),

@ pro kontakty se aplikuje stejny konstitutivni model nebo jeho varianta, kdy
po dosazeni vrcholové pevnosti nastupuje rezidudlni pevnost s nulovou sou-
drznost{ a tahovou pevnosti,

@ ti¢inek predpéti kabelovych kotev se modeluje prislusnymi silovymi 4¢inky
na koruné hréze a v podloZi.
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Obr. 4a Vyvoj pérovych tlaki pFi maximdlni hladiné 386 m n. m. za predpo-

kladu, Ze podkladovy beton je propustny
Fig. 4a Pore pressure distribution at maximum reservoir level El1.386.0
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Obr.3b Vektory posunit pii maximdlni hladiné 386 m n. m., redukované

smykové pevnosti (¢ = 20°, c = 0) a nepropustném podkladovém betonu
— k usmyknuti prehrady nedochdzi

Fig. 3b Displacement vectors at maximum reservoir level E1.386.0 according

to the stability analysis assuming impermeable concrete bed; no
failure occurs

(horizontal deflection of the crown of 4 mm at the max. storage water level of
EL. 376.60 per calculation and per measurements) and leakage (0.14 I/sec per

calculation and 0.10 to 0.07 I/sec per measurements).
Conditions and mechanisms that could cause the dam to failure were evaluated.

This was done for cases at which the dam and the dam/bedrock contact would be
exposed to the extremely unfavourable conditions: the anchors, the grout curtain
and the drainage are out of work, the shear strength of the dam/bedrock contact is
reduced (angle of friction of ¢ = 20°- 30° with zero cohesion and tensile strength)
and the reservoir level reaches the maximum EI. 386.00. Figure 3a shows pore pres-
sures in the bedrock, which were calculated assuming that the concrete bed is imper-
vious. Figure 3b shows the relevant vectors representing the dam’s displacements,
which attest that the dam would not slip along the concrete bed/bedrock contact
even under these extreme conditions — provided that the concrete bed is impervious.

r100.0

r 90.0

r 80.0

r70.0

L A PA

r 60.0

T T o f T T
-30.00 -20.00 -10.00 0.000 10.00 20.00 30.00 m

Obr. 4b Vektory posunii pii maximdlni hladiné 386 m n. m., redukované
smykové pevnosti (¢ =20°, ¢ = 0) a propustném podkladovém betonu

— dochdzi k usmyknuti prehrady
Fig. 4b Displacement vectors at maximum reservoir level E1.386.0 according to

according to the stability analysis assuming permeable concrete bed

the stability analysis assuming permeable concrete bed; failure occurs
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VYSLEDKY RESENI

Pomoci sblizovacich vypolti k vysledkim méfeni bylo dosaZeno celkem
vyhovujici shody vypoctengch a namérenych deformaci (vodorovny posun koru-
ny 4 mm pfi dosazeni maximalni zésobni hladiny na két€ 376,60 m n. m.) a pru-
saku (0,14 I/sec podle vypoltu a 0,10 — 0,07 I/sec podle méfen).

Zavedenim extrémn¢ nepfiznivych podminek pro zékladovou spéru (nefunkg-
nost kotev, injek¢ni clony a drendZe a minimdlni smykova pevnost zdkladové
spary dand redukovanym thlem tfenf ¢ = 20°~ 30° a absenci soudrZnosti a taho-
vé pevnosti) a maximdlni hladiny v nddrzi 386 m n. m. byly na modelu zjistova-
ny podminky a mechanismus poruseni prehrady. Na obr. 3a jsou vykresleny péro-
vé tlaky v podloZi vypoctené za predpokladu, Ze podkladni beton je nepropustny.
Odpovidajici vektory posunt na obr. 3b svéd&i o tom, Ze k usmyknuti prehrady
podél zdkladové spéry nedochézi ani za téchto nepfiznivych podminek, je-li pod-
kladni beton nepropustny.

Je-li podkladni beton propustny a vznikne plny vztlak na kontaktu prehradni-
ho zdiva a podkladniho betonu (obr. 4a) a zavedeme-li vyse uvedenou redukova-
nou smykovou pevnost, k usmyknuti prehrady podél této spary dojde a vznikne
smykovy posun az 110 mm (obr. 4b).

Parametrickd studie vlivu tihlu tfenf ukdzala, Ze stupen stability prehrady podél
kontaktu zdivo — beton se rovnd F = 1 pii ¢ = 30°, kdy 1ze pozorovat zapoCeti
smyku, ktery se vSak ustdl{ s rozdilem posuni 4 mm. Zavedeni kotev pro tento
poCinajici mezni stav ukdzalo, 7e pomoci kotev s predpétim 530 kN/bm Ize tento
pohyb zpomalit, ale nelze mu zabrdnit.

Ucinné opatient je snizeni hladiny na droven zdsobniho prostoru 376,60 m n. m.
Pri této hladin€ je i pfi ¢ = 30° rozdil posunt zdiva a betonu jen 0,2 mm a k zapo-
ceti smyku nedochdzi.

PreSetreni mobilizace smykové pevnosti v zdkladové spafe a podél kontaktu
zdivo — beton podle numerickych vystupd umoznilo kvantifikovat d¢innost
zabezpeCovacich prvka prehrady. Nejicinn€jsi je injekéni clona, kterd snizuje
mobilizaci smykové pevnosti v zdkladové spafe v praiméru o 61 — 67 %. Drend?
vykazuje Gcinnost v tomto smyslu 15 — 25 % a kotvy jen 3 — 7 %.

Podle modelového feSeni miZe tedy byt stabilita prehrady ohroZena nikoliv
korozi kotev, nybrZ jejim stavem, tj. propustnosti a potencidlné nizkou smykovou
pevnosti podkladniho betonu a kontaktu zdivo — beton. Podle tohoto zjisténi by
mély byt dals{ etapa rekonstrukce a program méfeni a pozorovéni soustredény na
zjistovéni, zlepsovani a kontroln{ sledovéni tohoto stavu.

V roce 2000 byla zpracovéna druhd etapa modelového feSent [7], kde byl ana-
lyzovén vliv zmény teploty na napjatost zdiva. Pomoci sdruzenych mechanicko-
termdlnich a mechanicko-hydraulickych tloh byly provedeny sblizovaci vypocty
k vysledkim mimorddnych méfeni realizovanych na prehradé v roce 1999.

LEGENDA LEGEND
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Obr. 6 Pri¢ny rez hrdzi s injekéni §tolou
Fig. 6 Cross section through the dam wall and grouting gallery
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4 - Spillway reconstruction

5 - Discharge tunnel

Obr. 5 Situace hrdze s vyznacenim Stol
Fig. 5 Layout drawing of the dam and galleries

Should the concrete bed be permeable and the full uplift force acts on the
masonry/concrete bed interface (Figure 4a), and should the above mentioned
reduced shear strength be applied, then slip failure of the dam along this interfa-
ce occurs with a shear displacement up to 110 mm (Figure 4b).

The parametric study of the angle of friction showed that the degree of the dam
stability along the masonry/concrete bed interface is F = 1 at ¢ = 30° at which
point the shearing begins and than stabilises at a shift of 4 mm. Introduction of
anchors pre-stressed to 530 kN/m showed that this movement may be slowed
down but not prevented.

Lowering of water level in the reservoir to EL. 376.60 could solve the problem.
The shift between the masonry and concrete, at this water level, amounts to only
0.2 mm and slip would not occur even at ¢ = 30°.

Analysis of the shear strength mobilisation at the bedrock/concrete bed contact
and along the concrete bed/masonry interface according to the numerical results,
allowed quantifying effectiveness of the applied safety measures. The most effec-
tive appears to be the application of the grout curtain. It reduces the shear strength
mobilisation along the concrete bed/bedrock contact, in average, by 61 to 67%.
In this regard, the reduction of 15 to 25% is achieved by drainage and 3 to 7% by
anchors.

According to the findings of the numerical solution, the stability of the dam is
then threatened not by the corrosion of the anchors but the dam’s poor condition,
i.e., permeability and potentially low shear strength of the concrete bed and its
contact with the masonry. According to this, the next phase of the reconstruction
and a programme of measurements should then concentrate on investigation,
improvement and monitoring of this state.

The second modelling phase was carried out in the year 2000 [7]. Its task was
to analyse the impact that the temperature changes would have on stress state of
the dam. Solution of a series of coupled mechanical-thermal and mechanical-hyd-
raulic problems enabled to simulate the operational trial with extraordinary mea-
surements carried out at the dam in 1999. During that year the water level in the
reservoir was manipulated in such a way that there were periods of increasing
temperatures at the constant water level (March 1999) and decreasing temperatu-
res at the constant water level (November 1999). This allowed the determination
of thermal loading of the dam, which, according to the model, is substantial. It
was realised that during the period of the temperature decrease, stresses along the
perimeter of the dam could exceed the tensile strength, which would lead to irre-
coverable plastic deformations. This would then result in a deterioration and sepa-

ration of the contact between the dam body and its stone facing.
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V prubéhu roku byla hladina v nddrZi fizena tak, Ze vznikla obdobi se zvySenim RECONSTRUCTION OF THE DAM
teploty pri konstantn{ hladin€ (bfezen 1999) a snizenim teploty pri konstantni hla-
din¢ (listopad 1999). To umoznilo zjistit tepelné namahani zdiva, které je podle
modelu zna¢né. Pfi ochlazeni dochdzi k prekroCeni tahové pevnosti podél obvo-
du zdiva a vznikajf nevratné deformace, které mohou vést k postupné degradaci
kontaktu zdiva a vnéjstho obkladu.

The goal of the assignment, as specified by the dam’s owner, was to find a way
how to stop the deterioration and degradation process of the dam body and its
foundation and to do so urgently. The proposed measures were expected to ensu-
re that the masonry dam and its foundation are water tight, and would stabilise the
seepage conditions for a long-term exploitation period. The company AQUATIS
developed the concept of the dam’s reconstruction in March 2002 [1]. The study

REKONSTRUKCE HRAZE dealt with reconstruction of the dam in its entirety. It proposed reconstruction not

Podle zadanf vlastnika dila méla oprava hrdze zamezit pokradovéni projevi only of the masonry dam but also of its overflow section. The construction of
starnuti a degradace télesa hraze a podloZi. Situace byla hodnocena jako naléha- a multipurpose gallery for grouting became the pivotal part of the proposed acti-
vd. Navrhovand opatfeni maji zajistit tésnost hraze a podloZi a stabilizaci pomé- vity. The gallery can facilitate the rehabilitation of concrete bed, reconstruction of
1t pro dal3{ obdobi provozu. grout curtain, drainage and monitoring (Figures 5, 6 and 7). Furthermore, the gal-

Koncepce feSeni byla navrZena v rdmci technické studie zpracované spole¢- lery allows the sealing of the dam to be connected to the bedrock. Thus the gal-
nosti AQUATIS v breznu 2002 [1]. Studie feSila rekonstrukci VD komplexné. lery, supplemented grout curtain and drainage holes could be expected to stabili-
Krom¢ rekonstrukee hrdze byla navrzena i rekonstrukce pielivu. StéZejnim prv- se the uplift force acting on the foundation joint under normal operational condi-
kem v ndvrhu opravy hrdze je dodatecné vybudovani vicetcelové injekcni Stoly, tions. In view of the deterioration of the cable anchors, reduction of the uplift
kterd umoZni sanaci podkladniho betonu, rekonstrukei injekéni clony, odvodnio- force became one of the main contributing factors positively influencing the
véni a monitoring (obr. 5,6 a 7). Se Stolou se vyresi také napojeni tésnictho prvku dam’s overall stability. However, an uncontrolled increase of uplift acting on the
hréze do podlozi. Za béznych provoznich situaci Stola, doplnénd injekéni clona downstream side of the dam must not occur and therefore overtopping of the dam
a drendZni vrty stabilizuji vztlak v zdkladové spare. Po ztrdté G¢inkt kotveni je during extreme floods would entirely be excluded.

sniZen{ vztlaku jednim z hlavnich efektt ve prospéch celkové stability. Nesmi ale
dojit k nekontrolovanému vzestupu vztlaku na vzdusni paté hrdze, coZ vylucuje PREPARATORY WORKS

tivahy o moZnosti preliti hrdze pri extrémnich povodnich. In summer 2002, Morava River Basin a.s, the owner of the dam, issued a pub-

lic tender for development of the project documentation for Management of the

PRIPRAVNE PRACE Construction Proceeding (further MCP). A provision of the investigation and
V 1ét¢ 2002 vlastnik dila Povodi Moravy, s. p., vypsal vefejnou obchodni sou- research needed for the MCP documentation [8] formed a part of the tender. It
t€Z na zpracovani projektové dokumentace pro stavebni fizeni (ddle DSP). Sou- concerned, first of all, the follow up on the engineering-geological investigation,
&asti DSP [8] bylo zajisténi potfebnych prizkuma a vyzkumu. Jednalo se prede- stability assessment of the dam during and after the reconstruction using numeri-
vifm o dopliujici inZenyrskogeologicky pruzkum, modelové vypocty stability cal models, hydraulic expert opinion [11] and investigation and testing of conc-
hrdze v prubéhu a po provedeni rekonstrukce, hydraulické posudky [11] a sta- rete structures.
vebné-technicky pruzkum betonovych konstruke. The main task of the investigation was to determine the condition of the dam
Prizkumy byly zaméfeny hlavné na ovéfeni zdkladovych podminek hrize foundation, bearing in mind the proposed excavation of the multipurpose gallery.
v souvislosti s predpoklddanou razbou injekéni $toly v télese hrdze. Rozhodujici The tunnelling works, necessary for the investigation purposes (Figure 5), were
prazkumnd dila (Stoly) byla situativné navrZena tak (obr. 5), aby byla vyuZita jako planned in such a way that the exploratory adits could eventually serve as a part
soucdst injekéni $toly provedené béhem rekonstrukce hrdze. of the final multipurpose gallery to be excavated during the reconstruction works.
V rdmei prizkumu bylo poZadovéno ovéfeni kvality podkladnich betond Furthermore, the investigation was to determine the quality of the concrete bed
a zdiva hréze a stanoveni hodnot fyzikdlné-mechanickych parametra vyuZitych and the stone masonry and to specify physical-mechanical parameters to be app-
pro modelové vypotty. Bylo poZzadovéno také zjisténi prubéhu rozhrani beton — lied in calculations performed via numerical methods. In order to determine the
zdivo, resp. beton — podlozni horniny pro ndvrh vyskového umisténi injekéni vertical position of the multipurpose gallery, the character of the masonry/conc-
Stoly. S ohledem na provadéni pruzkumnych prac pfi napusténé nddrZi byly Stoly rete bed interface and concrete bed/bedrock contact had to be investigated. Since
raZeny prevazné ru¢né. Podminky trhacich praci byly stanoveny na nékolik zku- the exploratory adits had to be carried out without dewatering the reservoir, the
Sebnich odstielu. excavation of the adits was done, in most instances, manually. However, a possi-
Prazkumné §toly raZené podél rozhrani beton — zdivo prinesly pozoruhodné bility of employing the rock blasting methods under the available conditions was
vysledky. Laboratorni zkousky sto let starého betonu ukdzaly, Ze jde o velmi hete- checked by a number of test-blasts.
rogenni, porézni materidl (21 %) s vysokou propustnosti (k =10-5 m/sec). Nejde The exploratory adits driven along the masonry/concrete bed interface produ-
vSak o materidl dezintegrovany. Tuhost a pevnost betonu je vyssi, nez se ocekd- ced very noteworthy results. Laboratory tests carried out on the 100-year-old
valo: pretvarny modul 15 az 27 GPa, jednoosd tlakovéd pevnost 9 az 35 MPa. concrete showed that the concrete is very heterogeneous and porous (21%)
[
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Obr. 7 Podélny Fez hrdzi a injekcni Stolou
Fig. 7 Longitudinal section of the dam and grouting gallery
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Obr. 8 Vyvaj porovych tlaku po poruseni kontaktu injekéni clony a prehrady
vyvolaném redukci pevnosti materidlu faktorem F = 2 (hladina v nddrzi
387,35 m n.m., hladina v reéisti 358,30 m n. m.)

Fig. 8 Pore pressure distribution induced by failure of the grout curtain/dam
contact at strength reduction by factor F = 2 (reservoir level E1.386.60,
downstream water level E1.358.30)

Kontakt mezi podkladovym betonem a zdivem je zazubeny a je vyplnén maltou.

MODELOVE RESENi

Vliv rekonstrukénich praci na chovéani hrdze byl feen, stejné jako predchozi
posuzované stavy, rovinnym matematickym modelem pro maximalni piicny fez
prehrady. V ndvaznosti na vysledky sblizovacich vypocta k vysledkim méfeni
z roku 1999 [7] byl vytvofen novy vypocetni model, ktery byl pomoci predcho-
zich a novéjsich mérnych ddaju verifikovén s prijatelnym vysledkem. Model
Stoly byl zaclenén do stévajici sit¢ oddélenych prvku se zvld$tnim zfetelem na
podrobnost délent lokdlntho modelu Stoly v rdmci globdlntho modelu prehrady.
Resily se sdruzené mechanicko-hydraulické lohy za pouZiti zdokonaleného pro-
gramového systému UDEC 3.0. Cilem modelového feSent tieti etapy [12] bylo
posouzeni stavu dila po dplném vypusténi nddrZe, zjisténi vlivu razby a vystroje-
ni injekéni Stoly na chovani hraze béhem rekonstrukce, stanoveni naméhani pro-
vizorniho a definitivniho osténi injek&ni Stoly pri riznych zatéZzovacich stavech
a posouzen{ stability rekonstruované hraze bez uvazovani vlivu kotev.

V tomto prispévku se soustiedime na popis stabilitniho feseni, které kromé
provozni situace s maximdlni hladinou v nadrZi pocitalo také s mimofddnymi
a kritickymi provoznimi stavy. Uvddime zde modelové vysledky pro kritickou
provozn{ situaci, kterd se fesila za téchto predpokladd:

@ hladina v nddrZi dosahuje kéty navySeni koruny prehrady: 387,35 B.p.v.,

@ podhrdzi je zatopeno na kétu 358,10 B.p.v.,

@ drendznf systém nefunguje,

@ pocitd se s povrcholovym poklesem pevnosti puklin v podlozi, coZ zname-
nd ztrétu soudrZnosti a tahové pevnosti puklin po prekrocent jejich vrcholo-
vé pevnosti,

@ zdivo a podkladovy beton jsou vak neporusené, tj. dostate¢né sanované,

@ ndvodni jilové tésnéni, sanovand Cést hraze a injek¢ni clona jsou nepropustné.

Pro posouzeni stability byla pouzita reduk¢ni metoda, kterd postupnou reduk-
cf pevnosti viech materidlt vyvold na modelu mezni stav a umoZiiuje tim zjistit
pravdépodobny mechanismus porusen{ dila. Redukce se provédi pro zvoleny nej-
nepriznivéjsi zat€Zovaci stav a po¢dtecni hodnota redukéniho faktoru, kterd plati
pro skute¢né pevnostni parametry, je F= 1. Redukéni faktor se pak postupné zvy-
Suje a faktor F, pii kterém vznikd meznf stav, urCuje stupen stability hrize F = FS.
Je nutno poznamenat, 7e takto vypolteny stupen stability se rovnd stupni bez-
pecnosti ur¢enému konvencni metodou mezni rovnovahy sil jen tehdy, jsou-li
vychozi predpoklady feSeni — véetné implicitnich predpokladi pouZitych metod
— stejné.

Pro vySe uvedenou kritickou provozni situaci byl zjiStén tento mechanismus
porusent:

@ pri redukci F =2 dochdzi k porusent kontaktu injekéni clona/podkladovy beton

a ndstupu vztlaku v zdkladové spdfe (obr. 8),

Toel

having a substantial permeability (k = 10-> m/sec). However, it cannot be said that
it is a disintegrated material. Rigidity and strength of the concrete is actually hig-
her than was originally expected (Young’s modulus 15 to 27 GPa, uniaxial com-
pression strength of 9 to 35 MPa). The contact between the foundation concrete
and the masonry is serrated and filled with mortar.

NUMERICAL MODEL

The impact of the reconstruction works on the dam was evaluated, just as in
the previously analysed cases, by a two-dimensional distinct element model for
the maximum cross section of the dam. As a continuation of the preceding model-
ling works in 1999 [7], a new computational model was created. The model was
compared with the earlier and more recently taken measurements and found satis-
factory. The model of the gallery was incorporated into the existing distinct ele-
ment mesh with special emphasis on the refinement of the local model of the gal-
lery within the framework of the global model of the dam. For solving the arising
mechanical-hydraulic problems, the upgraded UDEC 3.0 system was used. The
goal of the third modelling phase [12] was to evaluate the effect of dewatering of
the reservoir and digging of the multipurpose gallery on the dam performance,
determine stresses and strains in the temporary and permanent lining of the gal-
lery at various loading stages and assess the stability of the refurbished dam wit-
hout anchors.

In this paper we focus on the stability analysis, which addresses, along with the
behaviour of the dam at maximum reservoir level, also the extraordinary and cri-
tical operational stages. Presented herewith are findings, acquired via the model
for the critical operational stage. The basic assumptions of the calculation were as
follows:

@ Water level in the reservoir reaches the level of the crown of the dam, i.e. El.

38735,

@ The downstream water level is at El. 358.10,

@ The drainage system does not operate,

@ Strain softening of the joints in the bedrock is assumed which means loss of

the joint cohesion and tensile strength when the peak strength is exceeded,

@ The masonry and the concrete are not deteriorated, i.e. are sufficiently

restored,

@ The upstream side clay-seal, the refurbished part of the dam and the grout

curtain are impervious.

The stability of the dam was evaluated by means of the reduction method, i.e.,
the strength of all materials was step-by-step reduced till the model’s limit state
was reached. This in turn made it possible to determine the mechanism of the
dam’s failure. The reduction starts with a selection of the most unfavourable loa-
ding stage. The initial value of the reduction factor, applicable to the actual
strength parameters, would thus be F = 1. The reduction factor is then gradually
increased and the factor F at which the limit state is reached then determines the
degree of the dam’s stability F = FS. It must be stated, however, that thus calcu-
lated degree of the dam’s stability would be identical with the degree of safety
determined by a conventional method (method of the limit equilibrium of forces)
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Obr. 9 Vyvoj smykovych posunu v podloZi hrdze pFi redukci pevnosti
materidlu faktorem F = 3
Fig. 9 Development of shear displacement at strength reduction by factor F = 3
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Obr. 10 Vliv redukce pevnosti materidlii na smykové posuny vybranych bodu
v telese hrdaze (T) a podloZi (N, P, R, S)

Fig. 10 Effect of strength reduction on shear displacement at selected points
of the dam (T) and its foundation (N, P, R, S)

@ pri redukci F = 3 dochdzi ke vzniku vétSiho poctu trhlin pode dnem $toly a vzni-
ku smykové plochy podél zdkladové spéry, kterd vychdzi na povrch; pro posu-
zovany kriticky provoznf stav je stupen stability hraze FS =3 (obr. 9),

o pii F =4 a5 se hrdz porusuje systémy svislych a vodorovnych trhlin a pri
F =5 dojde k usmyknuti télesa hrdze na drovni terénu.

Na obr. 10 je znazornéna zdvislost smykovych posunt vybranych bodu v téle-
se a podlozi hrédze na rustu redukéniho faktoru F. Je patrno, Ze k ndhlému vzestu-
pu smykového posunu dochédz{ v podloZi hréze (bod N) pri F = 3, zatimco néhly
rust smykového posunu v télese hréze (bod T na kontaktu zdivo — beton) 1ze zji-
stit teprve pri F = 4.

Na zédkladé provedeného stabilitniho feseni 1ze konstatovat, Ze po rekonstruk-
ci je stupen stability hrdze ve viech pifpadech vyssi nez 3 a smykové plocha vzni-
kd mimo téleso hrdze podél zdkladové spary nebo podél vhodné orientovanych
puklin v podlozi. Je to kladny vysledek sanace hrédze, kterd zabezpeci, aby z hle-
diska stability systému hrdz — podloZi nebyl kontakt zdivo — podkladni beton nej-
slabsim ¢ldnkem.

RAZENI INJEKCNI STOLY

Hlavnim tcelem injekéni Stoly je zajistit efektivni provedeni rekonstrukce
injekéni clony, sanace tlesa hréze a zejména sanace podkladniho betonu. Stola
bude vyuzita pro odvodnéni zdiva hréze a rozmisténi zafizeni pro méfeni a pozo-
rovéni (obr. 6). RaZeny profil je cca 8 m2, délka §toly v podélném sméru je
158 m (obr. 7). Svétly profil definitivni $toly 1795 x 2100 mm. Definitivni obe-
zdivka tloustky 300 mm bude provedena z litého monolitického betonu HVS B25.

Béhem vystavby se uskutecnily standardni prace zajistujici predevsim kontro-
lu deformaci télesa hraze. Geotechnicky monitoring v prabéhu razby a provade-
ni provizorni obezdivky zahrnoval nivelaéni méfeni ve Stole, konvergenéni méfe-
ni a pribézny seismicky monitoring, kterym byly kontrolovany u¢inky trhacich
praci na téleso hréze.

Projektem stanovené mezni hodnoty deformaci nebyly dosaZeny.

Pro posuzované dilo bylo doporuceno respektovani pifpustné hodnoty kmitdni:

@ na kamenném obloZenf vzdugného i ndvodniho lice hraize  u® =40 mm/s
@ na koruné hrize u” =30 mm/s
@ u vypustného potrubi u” =60 mm/s

Velikost ndloZi byla podle vysledk seismickych méfeni operativné upravové-
na. Napr. u dsekt §tol s nizkym nadlozim, kde bylo doporudeno sniZeni ndloze
z Np=04 kg na Np=027 kg. Tim se otfesové u¢inky sniZily z 30,4 mm/s na
23 mm/s.

Price spojené s raZenim byly ukonceny 10. 12. 2004, kdy rovnéZz skoncil
nepretrZity seismicky monitoring.

SKUTECNY POSTUP REKONSTRUKCNICH PRACI

Zahdjen{ praci na oprave hréze se predpoklddalo v prosinci 2003 po vypusten{
nédr7e, a to banskymi pracemi v télese hréze, coz bylo mozné vyuzitim dfive pro-
vedenych prizkumnych Sachet a Stol. Po provedent injekéni Stoly by se zajistova-
la obnova injekéni clony, drendzni vity, osazeni zaifzeni pro méfeni a pozorovan{
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only if the initial assumptions used for the calculation - including the implicit
assumption of the used methods - were the same.

The mechanisms of failure at the above critical operational conditions are as
follows:

@ With the reduction factor F = 2, the contact between the grout curtain and
concrete bed becomes disrupted. This will result in an increase of uplift force
acting on the concrete bed/ bedrock contact (Figure 8),

@ With the reduction factor F = 3, a number of cracks under the gallery will inc-
rease and a slip surface along the concrete bed/ bedrock contact, which will
come up to the surface, will emerge; for the evaluated critical state of the dam
operation, the degree of the dam’s stability is FS = 3 (Figure 9),

o With the reduction factor F =4 and 5, the dam gets damaged by the vertical
and horizontal cracks and at F = 5, the body of the dam will shear-off at the
terrain level.

Figure 10 shows dependency of shear displacements of the selected points in
the dam and its foundation on the increase of the reduction factor F. As is evident,
at F =3 a sudden increase of the shear displacement occurs in the bedrock (point
N) whilst the sudden increase of the shear displacement within the dam (point T at
the masonry/concrete bed interface) becomes noticeable only at F = 4.

On the basis of the stability analysis, it is possible to state that the degree of the
stability of the dam after its reconstruction is in all cases higher than F = 3 and
slip failure occurs outside the dam’s body along the concrete bed/bedrock contact
and unfavourably orientated joints in the bedrock. This is a positive aspect of the
dam’s reconstruction. It ensures that concerning the dam and its foundation,
the masonry/concrete bed surface is, from the stability point of view, no longer
the weakest point of the system.

EXCAVATION OF THE MULTIPURPOSE GALLERY

The main purpose of the multipurpose gallery is to secure the effective rende-
ring of the reconstruction of the grout curtain and refurbishment of the masonry
dam, with special emphasis being put on the rehabilitation of the concrete bed.
The gallery will eventually be utilized for draining of the dam and installation of
the measuring and monitoring equipment (Figure 6). The excavated gallery has
a cross section of approximately 8 m? and is 158 m long (Figure 7). The clear pro-
file of the completed gallery will be 1795 x 2100 mm. The permanent lining, cast
from the monolithic concrete HV8 B25, will be 300 mm thick.

Monitoring of the deformation of the body of the dam was routinely carried out
during the excavation. The geo-technical monitoring and building of a tempora-
ry lining included the levelling measurements, convergence measurements and
continuous seismic monitoring used to evaluate the effects the blasting operations
had on the integrity of the masonry.

The limit states of deformation, specified by the project, were not reached.

The following specified allowable oscillation values were to be respected:

@ the stone facing of the downstream and upstream side of the dam u” = 40 mm/s
@ at the crown of the dam u” =30 mm/s
@ at the discharge pipe. u” = 60 mm/s

The strength of the blasting charges was modified in accordance with the seis-
mic measurements. For example, in the sections of the gallery with low overbur-
den, the charge was reduced from Ng = 0.4 kg to N = 0,27 kg. This has resulted
in the reduction of shakes’ from 30,4 mm/s to 23 mmy/s.

The underground works were completed on 10.12.2004 together with the seis-
mic monitoring.

THE ACTUAL RECONSTRUCTION WORKS

The reconstruction should have started in December 2003, just after the
reservoir was dewatered, with excavation of the multipurpose gallery incorpo-
rating the exploratory adits. The plan was to complete the multipurpose gallery
first and then to attend to the refurbishment of the grout curtain, boring for dra-
inage holes, installation of measuring and monitoring equipment and recon-
struction of the bottom outlet of the dam. The works to be carried out on other
parts of the dam were assumed to be easier to synchronise than those above.

However, a problem that was experienced with the adjudication of the Con-
tract resulted in the site having been handed over to the Contractor only in the
middle of March 2004; though the works schedule remained unchanged, i.e.
the re-filling of the dam is to start on 1.4.2005 and the works are to be com-
pleted by 31.10. 2005. The company Ingstav Ostrava, the Contractor, is thus
required to finish the construction works in a substantially shorter period then
was originally planned for.

The Contractor handled this situation by co-opting assistance of other sub-
contractors. However, this was also the reason for the underground and surface
works pileup. The extent of the construction site of the individual sub-contrac-
tors was minimised and it become necessary to secure their mutual co-operati-
on especially in the area of the works safety. The civil works on the injection



14. rocnik - €. 3/2005

a rekonstrukce spodni vypusti v hrézi. Ostatni objekty nejsou jiz Casové tak své-
zany.

V prabéhu vybérového fizeni doslo k problémim, které zpusobily, Ze stave-
ni§té mohlo byt preddno zhotoviteli az v poloviné bfezna 2004. Ostatn{ terminy
viak zustaly v platnosti. (Opétné zahdjeni napousténi od 1. 4. 2005 a dokonceni
praci do 31. 10. 2005). To postavilo zhotovitele pred velmi tézky tkol zkoordi-
novat a zajistit stavebni prace v podstatné krat$im case, nez se piivodné predpo-
kladalo.

Vybrany zhotovitel Ingstav Ostrava, a. s., to fesil spolupraci s fadou dalSich
dodavatelt. Tim dochézelo ke kumulaci praci v podzemi i na povrchu. Stavenis-
t¢ jednotlivych dodavateldl byla minimalizovana a bylo nutné zajistit vzdjemnou
soucinnost, zejména pokud se tykalo bezpecnosti prace. V soucasnosti (Cerven
2005) je injekéni Stola stavebné dokonéena. Préce jeSté probihaji na vstupnim
portélu a pifstupové Sachté a na vybaveni Stoly osvétlenim a vzduchotechnikou.
Uplné dokonceni dila je planovano do konce fijna tohoto roku.

Stavba je zna¢né atypickd z hlediska ochrany stavenisté proti zatopeni pri vét-
Sich prutocich. To se tykalo zejména ochrany stavenisté pfi zaklddani vtokového
objektu v nejniz§im misté vypusténé nadrze. Stavenisté bylo sice chranéno
ndvodni jimkou z doby ptvodni vystavby, ale obtokovd $tola z téZe doby je zabe-
tonovéna a jsou v ni osazeny spodni vypusti 2 x 700 mm, coZ vyrazné sniZilo bez-
pecnost dila proti zaplaven{ v prubéhu sou¢asné rekonstrukee. Celou situaci jesté
zt€Zovalo zna¢éné mnozstvi sedimentl v nadrzi, které je nutno vytézit v éasovém
soubéhu s pravé probihajici rekonstrukef hréze.

Kumulace praci probihajici rekonstrukce vypusti v hrézi a praci na injekéni
Stole pfinesla zvySené riziko zatopeni dila pii vétSich pratocich a vyZadovala pfi-
pravenost pro prevadéni vody stavenistém. Lonské suché 1éto s minimem srézek
bylo z tohoto hlediska pro stavbu vyhodou.

ZAVERY

Technicky stav vodniho dila Bystricka si vyzadal po témér 100 letech provozu
rozsdhlou rekonstrukci. Bez jejtho provedeni by nebylo mozné vyloucit vznik
situact, které 1ze povazovat za rizikové. Bez rekonstrukce hraze zajistujici jeji sta-
bilitu by nebyly vytvoreny zdkladni podminky pro bezpe¢ny provoz.

Podzemnich praci provddénych hornickym zpisobem dodatecné v podlozi
hréze bylo ve vét§im rozsahu poprvé v CR vyuZito pfi opravé vodniho dila Mieno
v Jablonci nad Nisou. Vodni dilo Bystficka je druhou hrézi zdénou z lomového
kamene, ktera je rekonstruovana podobnym zptsobem.

Roz3ifeni podkladi o doplikovy prizkum a modelové feSeni stability a prusa-
kovych poméra hrdze bylo piinosem pro projekt rekonstrukce. Modelové feSeni
stability s vyuZitim veSkerych vysledki soustavné provddéného technicko-bez-
pecnostniho dohledu bylo v CR pro tento typ hrize zpracovano poprvé. Toto fese-
ni poskytlo nové informace o moZném mechanismu poruSeni prehrady, coz
ovlivnilo koncepci rekonstrukee.

Zvyseni kapacity vypusti v hrdzi zlepSuje moZznost operativniho fizeni za
povodni a umoznuje zvySeni ochrany tzemi pod prehradou. Bezpe¢nost dila za
povodni na potfebnou droveii dnesnich standardd dores{ aZ pripravovana rekon-
strukce prelivu, kterd by méla byt dals{ etapou rekonstrukce dila.
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gallery have been recently completed (June 2005). The portal entrance, access
galleries and fitting of the gallery with lightings and ventilation system are nea-
ring its completion. The final completion of the works is planned for October
of this year.

The construction site is rather difficult to protect against flooding. This con-
cerns especially the protection of the construction site around the lowest part of
the intake section of the emptied dam. Although there is an intake cofferdam,
which was erected in the time the dam was built, but its bypass gallery was
eventually concreted in and all that can assist with handling of increased flows
are 2 x 700 mm outlets. Thus during reconstruction there is a considerable
decrease of the safety of the dam against flooding. The situation was complica-
ted still further by a large volume of sediments that have to be removed within
the available span of time of the reconstruction.

The accumulation of works that had to be attended in regards to the recon-
struction of the dam outlets and grout gallery has increased the risk of flooding
of the structures should the river flows be unexpectedly higher. This situation
demanded that the flood protection arrangement be put into place. For this rea-
son, the dryer summer of the last year was, from the construction point of view,
rather welcome.

CONCLUSION

After nearly 100 years of service, the technical condition of the Bystric-
ka dam called for overall reconstruction without which hazardous situati-
ons during operation could occur. In order to ensure safe operation of the
dam, reconstruction of the dam assuring its stability was necessary.

The type of the underground tunnelling works carried out in the founda-
tion of the dam was applied for the first time in the Czech Republic to the
repairs of the Mseno dam at Jablonec nad Nisou. The Bystricka dam is the
second stone masonry dam built in the Czech Republic that was recon-
structed by this method.

Supplementary investigation and numerical analysis of the stability and
seepage conditions of the dam has greatly assisted with preparation of
documentation that was required for the reconstruction. This was for the
first time in the Czech Republic when for this type of dam a numerical
model considering all results of systematically performed supervision and
monitoring was worked out. The model helped to understand the possible
failure mechanism of the dam, which had a direct bearing on the concept
of its reconstruction.

The reconstructed dam outlets allow the dam to react sensitively to the
conditions dictated by floods, which in turn helps to protect areas lying on
the downstream side of the dam from the floods. However, in order for the
dam to satisfy the latest applicable standards, the proposed reconstruction
of its overflow section will need to be attended too. This will be the task of
the next phase of its reconstruction.
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PROTIPOZIARNA OCHRANA V TUNELOCH NA
POZEMNYCH KOMUNIKACIACH

FIRE PROTECTION IN ROAD TUNNELS

FRANTISEK KLEPSATEL, JANA CHABRONOVA

uvob

Pri tazkych dopravnych nehodach v dialni¢nych a cestnych tune-
loch najvicSie problémy spdsobuje poZiar, ktory niekedy vznikne.
Vzblknutim pohonnych hmot, unikajicich z poSkodenych nddrzi
havarovanych vozidiel — najmé stovky litrov nafty z nddrzi autobu-
sov a kamidnov, zapdlenim pneumatik automobilov a horlavého
nédkladu sa poziar rychlo §iri a v priebehu 15-20 mintit dosiahne tep-
lota ovzduS$ia v blizkosti epicentra hodnoty spravidla presahujice
1000°C. Rychlosti §irenia poZiaru pritom napomdha aj priddenie
vzduchu v tuneli.

Vysoké teploty v mieste poZiaru velmi stazujd aZ znemoZznujd
zdsah hasicov, nakolko takym teplotdm nie si schopné odoldvat’ ani
ich ochranné odevy. Naviac pristupu robustnych hasi¢skych vozi-
diel k miestu poziaru Casto brania aj vozidld, ktoré v tuneli v dosled-
ku dopravného kolapsu uviazli. Vysoké teploty pri poZiari posobia
velmi negativne na ostenie tunela. Voda obsiahnutd v spravidla vlh-
kom osteni sa pri zohriati meni na paru, ¢im sa jej objem zvécsuje.
To vyvoldva pri lici ostenia tahové napitia, v dosledku ¢oho sa
odstepuju diskovité kusy beténu. RozruSovanie siaha do hlbok az
niekolko desiatok cm (v zdvislosti na vyske teploty a doby jej pdso-
benia) a mdzZe sposobit’ aj kolaps ostenia.

Na rieSenie tychto problémov sa zameralo v poslednych rokoch
v rdmci ndrodnych a nadndrodnych programov Stedro dotovanych aj
z prostriedkov EU viacero vyskumnych pracovisk. Vyskum sa
vyrazne zintenzivnil najmi po roku 1999, ked doglo k velkym poi-
arom v znamych alpskych tuneloch Mont Blanc a Tauern s katastro-
falnymi ndsledkami a desiatkami obeti na Zivotoch. Efektivnost
navrhovanych opatreni sa skimala na poZiaroch, simulovanych
v tuneloch, vyradenych z prevadzky, resp. v podzemnom komplexe
Hagerbach (Svajéiarsko), vybudovanom na vyskumné tucely.
Ziskali sa pritom pozoruhodné poznatky, o ktorych chceme strucne
informovat.

POZIARNA OCHRANA OSTENIA TUNELOV

Na ochranu vnitorného povrchu ostenia proti ti¢inkom vysokych
teplot sa vyskusali tieto opatrenia:

— Obklad z poemailovanych plechov, predsunutych pred lice ostenia

o niekolko cm. Skimala sa udcinnost’ jedno- a dvojvrstvového
obkladu s volnou dutinou medzi plechmi hrubou 20 mm. Osved-
¢il sa dvojvrstvovy obklad, pri ktorom po 17mindtovom pdsobe-
ni teploty 1100°C na lice obkladu dosiahla teplota na rube druhej
vrstvy poemailovaného plechu len 251°C a v strede dutiny pred
licom ostenia len 97°C (J. Rauch, 2001).

— Protipoziarna ochrana ostenia zo Zelezobeténovych segmentov na
stendch a strope prejazdného prierezu obkladom z nerezového ple-
chu, krytého 45Smm hrubou vrstvou striekanej cementovej omiet-
ky. Toto rieSenie sa viackrdt vyskuSalo na tuneloch v Noérsku
(z Casti aj ako hydroizolacny obklad). Najnovsie sa uplatnilo na
dvojrirovom 6,5km dlhom dialhi¢nom tuneli pod rieckou Westers-
chelde v Nizozemsku, kde bolo takto realizovanych az 240 000 m?
povrchovych dprav (J. Smolik, 2004).

Najvyhodnej$im opatrenim sa javi priddvanie strize z polypropy-
Iénovych vldkien (PP) do monolitického alebo prefabrikovaného
vnitorného ostenia v mnoZstvdch 1 aZ 2 kg na m? beténu. Vldkna
sa pri poziari v tuneli uz pri teplote cca 160°C roztavia, ¢im vznik-
nu v osteni dutinky, do ktorych moze expandovat para, vznikaji-
ca pri ohreve volnej vody obsiahnutej v osteni. Tym sa znacne
obmedzi rozsah zdény, z ktorej odpraskdva betén z ostenia.
Praktické skuSky dokdzali, Ze z ostenia s obsahom PP vldkien

INTRODUCTION

The most difficult problems encountered at serious traffic accidents
in highway and road tunnels are caused by a fire, which breaks out
sometimes. As a result of ignition of fuels leaking from damaged tanks
of crashed vehicles (above all the hundreds of litres leaking from tanks
of coaches and trucks), vehicle tyres and combustible loads, the fire
spreads quickly. The ambient-air temperature near the fire epicentre
reaches values usually exceeding 1000°C. The velocity of the fire
spreading is also aided by the air flowing through the tunnel.

High temperatures in the location of fire make a fire intervention dif-
ficult or impossible because even protective clothing is not able to resist
such the high temperatures. In addition, the access of robust fire-briga-
de trucks to the location of fire is often prevented due to vehicles stuck
in the traffic collapse in the tunnel. The high temperatures developing
during a fire event affect the tunnel lining very negatively. Water con-
tained in the usually moist lining changes into steam when heated, and
its volume increases. Tensile stresses induced by this phenomenon
cause spalling of the concrete surface. The damage reaches up depths
of several tens of centimetres (depending on the temperature height and
its duration). It is even able to cause a collapse of the tunnel lining.

The solution of these issues has become focus of attention of seve-
ral research workplaces, in the framework of national and supra-nati-
onal programmes generously funded from the EU grants. The intensi-
ty of this research grew significantly mainly after the year 1999 when
the conflagrations with catastrophic consequences and tens of fataliti-
es hit well known Alpine tunnels, the Mont Blanc and Tauern.

The effectiveness of the proposed measures was investigated
through fire testing carried out in some tunnels taken out of service, or
in the underground facility Hagerbach (Switzerland), which was built
for research purposes. I would like to provide brief information on the
significant pieces of knowledge gained by this research.

FIRE PROTECTION OF TUNNEL LINING

The following measures protecting the internal surface of the lining

against the effects of high temperatures have been tested:

- Enamel steel sheets used for the cladding, with a several cm wide
gap between the cladding and the concrete surface. Subjected to the
testing were: single-layer cladding and a double-layer variant with
a 20mm thick free space between the sheets. The double-layer clad-
ding acquitted itself well: after 17 minutes of the temperature of
1100°C attacking the face of the cladding, the temperature on the
reverse side of the other layer of the enamel steel sheet reached only
251°C, and only 97°C were measured in the centre of the gap sepa-
rating the cladding from the concrete lining (J. Rauch, 2001).

- Fire protection of RC segmental lining of a tunnel wall and roof by
means of stainless steel sheet cladding covered with a 45mm thick
layer of sprayed cement mortar. This solution has been tried several
times on tunnels in Norway (partly also as waterproofing cladding).
Most recently it was applied in the twin-tube 6.5km long highway
tunnel under the Westerschelde River in the Netherlands, where up
to 240.,000m? of the lining surface were covered (J. Smolik, 2004).

- The most suitable measure seems to be the addition of polypropyle-
ne (PP) staple fibre to cast-in-situ or precast internal lining, with
a density of the fibres of 1 to 2kg per m? of concrete. The fibres melt
during a tunnel fire already at a temperature of about 160°C, giving
rise to small cavities in the lining. The steam, originating when the
free water contained in the lining vaporises, can expand to those
cavities. As a result, the extent of the zone affected by spalling is sig-
nificantly reduced. In-situ testing proved that an only 20 to 40mm
thick zone is damaged by spalling in the case of the lining containing
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Obr. 1 Schéma staciondrneho hasiaceho systému v tuneli Mont Blanc
1 - poZiarny potrubie
2 — usekové suchovody
3 — usekovy ventil
4 - striekacie dyzy
Fig. 1 Stationary extinguishing system in the Mont Blank tunnel
1 - Fire main
2 — Dry section pipelines
3 — Section valve
4 — Spraying jets

odpraskdva z lica len 20 aZ 40 mm beténu, kym napr. pri poZiari
v Eurotuneli odpraskli az 2/3 hribky (250 mm) prefabrikovaného
ostenia (G. Brux, 1997). Pri osteniach z vystuZeného beténu je
preto vhodné volit’ vicsie krytie vystuze — 40 az 50 mm, alebo
navrhnit ostenie z dratkobet6nu.
S pouzitim PP vldkien mdme skisenosti aj na Slovensku. ZIPP,
s 1. 0., Bratislava doddva segmenty na tratové tunely metra vo Vied-
ni, ktorych odberatel vyZaduje zvySent poziarnu odolnost. Segmen-
ty ostenia (6 ks + zdmok v prstenci) sa vyrdbaji z beténovej zmesi
C40 a st vystuzené armoko$mi s krytim vystuze 40 mm. Do beténu
sa priddvali PP vladkna DUOMIX v ddvke 2 kg/m?. PoZiarna odol-
nost sa skiimala v skdSobni vo Viedni. Pri segmentoch vyrobenych
bez PP vldkien dochddzalo k poruchdm — odtrhdvaniu krycej vrstvy
vystuze uz pri teplote do 500°C. Segmenty s obsahom PP vldkien
ostali neporusené aj pri teplote 1100°C (D. Holik, 2003).

ULAHCENIE ZASAHU HASICOV PRI POZIARI V TUNELI

Najlep$im hasiacim médiom v tuneli je voda, ktord najrychlejsie
odbiirava vysoké teploty ovzdusia. Problémom je v§ak dodat potrebné
mnozstvo vody do epicentra poZiaru, kde prijazdu hasi¢ského vozidla
brani vysoka teplota ovzdusia a nezriedka aj uvdznené vozidla. Vyvoj
rieSenia tejto problematiky sa uberd dvomi smermi, a to nasadenim
staciondrnej, alebo mobilnej chladiacej techniky.

— Zavedenie staciondrnych hasiacich systémov sa javi pri
vystavbe novych tunelov najicinnejsie. Tunel sa po dlzke rozcélenu-
je na zény, monitorované systémom hldsi¢ov, ktoré dokdZu poZiar
lokalizovat's presnostou na niekolko metrov. Aby sa mohol protipo-
ziarny systém Co najskor aktivizovat, vedie sa poziarny vodovod
v strede tunela pod stropom a jeho potrubie je zavodnené a tepelne
izolované. Nad vozovkami v strope st vedené aj dve hasiace neza-
vodnené potrubia — suchovody (obr. 1). Po detekcii poziaru sa
suchovod v prislusnom useku zavodni a aktivizuje vrdtane strieka-
cich dyz, v ktorych je vyvodeny pretlak az 10MPa, ¢im sa docielu-
je dostato¢n4 rychlost aj rozptylenie pridu vody. Kedze ,,zahmle-
nie* straca t¢innost’'v dosledku pridenia vzduchu v tuneli, prepocty
dcinnosti sa robia pre rychlost’ pridenia 5 m/s. Rozvodné potrubia
su z ocele, odolnej proti kordzii. Systém mdze byt doplneny aj ste-
novymi hydrantmi s vysokotlakovymi ventilmi, na ktoré moZno
napojit’ Tubovolne dlhé hadice. Okrem toho musi byt do tunela
zabezpeleny aj pristup aspon malych hasi¢skych vozidiel.
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the PP fibres, while even 2/3 of the segmental lining thickness
(250mm) spalled away in the Eurotunnel fire (G. Brux, 1997). It is
therefore advisable to design thicker (40 — 50mm) cover to reinfor-
cement bars when traditionally reinforced concrete is to be used, or
to design fibre reinforced concrete.

There is good experience with the application of PP fibres also in Slova-
kia. ZIPP s r.o. Bratislava supplies segments for running tunnels of the
Vienna Metro, where increased fire resistance is required by the client. The
lining segments (6pcs + key in one ring) are produced from C40 concrete
mixture; and they are reinforced by reinforcement cages with a 40mm
cover. PP fibres DUOMIX with density of 2 kg/m® were added to concrete.
The fire resistance was tested in a testing laboratory in Vienna. The seg-
ments produced without PP fibre exhibited failures — exposed reinforcing
bars due to spalling already at 500°C. The segments containing PP fibres
remained undamaged even at 1100°C (D. Holik, 2003).

FACILITATION OF FIRE INTERVENTION IN TUNNEL

The most suitable extinguishing medium for a tunnel fire is water. It
reduces high temperatures of the tunnel atmosphere. It is, however,
a problem to supply sufficient volume of water to the seat of fire,
where emergency vehicle access is prevented by high temperature of
the atmosphere, and frequently also by vehicles stuck in the tunnel.
Two techniques of solving this issue have been developed, i.e. through
application of stationary or mobile cooling equipment.

- Introduction of stationary extinguishing systems appears to be the
most effective at new tunnel constructions. The tunnel length is divided
into zones monitored by a system of fire detectors capable of locating
a fire accurately within several metres. To make the activation of the fire
fighting system possible as soon as possible, the water piping is installed
on the tunnel centre, under the roof. It is filled with water and thermally
insulated. Also a pair of dry pipelines is installed above the roadways,
under the roof (see Fig. 1). When a fire is detected, the relevant section
of the dry pipeline is filled with water and activated, including water jets.
The pressure at the jets of up to 10 MPa is sufficient for achieving requ-
ired velocity and dispersion of the water flow. Because the “water mis-
ting” efficiency is reduced due to the air flowing through the tunnel, the
efficiency is recalculated for the airflow velocity of S5m/s. The distributi-
on pipes are made of stainless steel. Also wall hydrants with high-pres-
sure valves, which any length of hoses can be connected to, can be added
to the system. Apart from this, the access to the tunnel must be secured
for at least small fire brigade vehicles.

The efficiency of the “water mist” resides in two factors:

a) a multiple increase in the reaction surface of tiny water drops,
affecting positively the water consumption in the process of coo-
ling the atmosphere;

b) astate of local lack of air originates at the fire location due to the
increased volume of water mist in the atmosphere, with a fire
dampening effect.

A common effect of the above factors is that the temperature at the
fire location is reduced, allowing the fire brigades to be more efficient
in getting closer to the fire epicentre.

The stationary protection system was installed at the reconstruction
work carried out after the conflagration in the Mont Blanc tunnel. The
cost of this system was only about EU 350 mil. (R.-A. Dirksmeier, 2002).

A mobile extinguishing system is advantageous for operating
tunnels where the work on installation of a stationary system would

Obr. 2 Mobilné zariadenie LUF 60
Fig. 2 LUF 60 vehicle
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Utinnost’,,vodnej hmly* je v dvoch hlavnych efektoch:

a) v mnohondsobnom zvicseni reakéného povrchu drobnych kva-
pocok vody, o velmi pozitivne ovplyviiuje spotrebu vody pri zni-
Zovani teploty ovzdusia;

b) v dosledku objemu vodnej hmly vznikne v mieste poziaru lokdl-
ny nedostatok kyslika, ¢o tImi rozSirovanie poZiaru.

Spolo¢nym efektom tychto faktorov je zniZenie teploty v mieste
poZziaru, ¢o umoznuje hasi¢om pribliZit'sa k jeho epicentru a tym
zefektivnit' zasah.

Staciondrny systém ochrany bol zabudovany pri rekonstrukcii
po poZiari tunela Mont Blanc. Ndklady nan boli len cca 8 mil. eur,
¢o je zanedbatelnd polozka z celkovych ndkladov na rekonS$trukciu
— 350 mil. eur (R.-A. Dirksmeier, 2002).

— Mobilny hasiaci systém je vyhodny pre prevddzkované tune-
ly, kde by zavedenie staciondrneho systému sposobilo vdZne naru-
Senie dopravy. Na pomoc pri zdoldvani poZiarov dnes uz sériovo
vyrdba firma Rechneres Biege + Loschsystéme z Vorarlbergska
vozidld LUF 60, ktorého vyvoj iniciovala firma ASIT AG v spolu-
prici s Amberg Engineering AE a dalsimi (Svaj¢iarsko). Vozidlo
LUF 60 je na pdsovom podvozku a je dialkovo ovlddané (obr. 2).
Jeho zédkladnym zariadenim je vykonny ventilator — ,,delo* s 360
vysokotlakovymi dyzami (pretlak 2,5MPa), rozptylujicimi az
4001/min vody na drobné kvapocky, ¢im sa dosahuje vysoky chla-
diaci efekt. Dialkové ovlddanie umoznuje vozidlu pod ochranou
rozptylovanej vody priblizit' sa ,,na dostrel k epicentru poZziaru.
Zariadenie je malé, co mu umoZnuje dostat’ sa do blizkosti miesta
poZiaru aj cez prepojovacie chodby pre chodcov a pozdlZz kolény
vozidiel, uviaznutych v tuneli. Jeho sicastou je aj kamera na sni-
manie teplotného obrazu.

Vozidlo LUF 60 bolo prvy raz odskiSané pri simulovanom poZi-
ari v otvarkovom tuneli kamenolomu Sifelerberg prierezu 6,5/
4,7 m, ktorého vyrub bol zabezpeceny z Casti striekanym beténom,
z Casti len kotvami a sietami. PoZiarne zataZenie v tuneli bolo vyvo-
lané zapdlenim siahovice dreva rozmerov 8x4x2,5 m plynovym
hordkom pomocou 160 I nafty, ¢o zodpovedd ucinku od tplného
zhorenia 15 osobnych 4ut. Voda k vozidlu sa dopravovala hadicou
z poziarneho potrubia a priebeh poZiaru sa podrobne monitoroval.

Teplota v mieste poZiaru dosiahla po 6 minttach 800°C a v prie-
behu dalich 9 miniit stdpla na 950°C (obr. 3). Po daliich 5 mind-
tach bolo vozidlo LUF 60 uvedené do ¢innosti vo vzdialenosti 150
m od poZiaru a postupne sa k nemu priblizilo az na 50 m. V prie-
behu pokusu bolo mozné pozorovat odpraskavanie blokov horniny
a striekaného beténu z lica. UZ po 6 minttach bolo mozné pod
ochranou vodnej hmly a pridu vzduchu z vykonného pojazdného
ventildtora premiestnit’ do G¢innej pozicie aj hasi¢sky voz a za dal-
§ich 15 minit bol poziar prakticky zahaseny — teplota v epicentre
klesla na priblizne 120°C. Okrem chladiaceho efektu boli drobné
rozptylené kvapky vody i¢inné aj na viazanie Castic sadzi, obsiah-
nutych v poziarnych plynov, ¢im sa vyrazne zlepsila aj priehlad-
nost’ovzdusSia (J. Schwarzmann, 2002).

ZAVER

Z uvedené je zrejmé, Ze v stucasnosti uz su k dispozicii G¢inné
metddy ochrany ostenia proti extrémne vysokym teplotdim pri
poziari v tuneli aj efektivne metédy ich hasenia. Rozhodujicu
ulohu ma vSak rychlost poziarneho zdsahu, ktory by mal zacat do
15 min. od jeho identifikdcie, pretoZe teploty a tym aj negativne
dosledky na konstrukciu ostenia, objekty a zariadenia v tuneli

narastaju zavratnou rychlostou.
PROF. DIPL. ING. FRANTISEK KLEPSATEL, Ph.D.,
DIPL. ING. JANA CHABRONOVA, Ph.D.,
jana.chabronova@stuba.sk,
STU — STAVEBNA FAKULTA, BRATISLAVA
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Obr. 3 Vyvoj teploty v tuneli pri poZiari a jeho haseni
1 - doba nasadenia zariadenia LUF 60
2 — koniec zdsahu poZiarnikov
Fig. 3 Development of temperatures in the tunnel during the fire and the fire
suppression action
1 - Duration of the LUF 60 action
2 — The end of the fire brigade action

cause serious traffic problems. Voralberg-based Rechner’s Biege
+ Loschsystéme manufacture LUF 60 vehicles, currently already in
series. Their development was initiated by ASIT AG in collaboration
with Amberg Engineering AE and others (Switzerland). The LUF 60 is
a remotely controlled crawler tracked vehicle (see Fig. 2). The basic
component of the vehicle is a powerful fan — a “big gun” with 360
high-pressure jets (overpressure of 2.5 MPa) dispersing up to 400
I/min of water to tiny drops, thus achieving a high cooling effect. The
remote control system allows the vehicle, covered with the water mist,
to get to the fire epicentre within the range of the gun. This equipment
is small, therefore it can get near the fire location even via pedestrian
cross passages and along columns of vehicles stuck in the tunnel. Its
part is also a temperature-sensing camera.

The LUF vehicle was tried for the first time at a simulated fire in an
opening tunnel at the Sifelerberg stone quarry. The 6.5/4.7m cross-sec-
tion tunnel excavation was supported partially by shotcrete, partially
by anchors and welded mesh. The fire load was imposed by igniting
a pile of wood having the dimensions of 8x4x2.5m, using a gas burner,
with 160 litres of diesel oil. This corresponds to 15 passenger cars
burnt “to ashes”. Water was supplied to the vehicle through a hose
from a fire pipeline, and the course of the fire was monitored closely.

The temperature at the fire location reached 800°C after initial
6 minutes, and it rose to 950°C within subsequent 9 minutes
(see Fig. 3). During another 5 minutes the LUF 60 vehicle was deplo-
yed from a distance of 150m from the fire seat, and it got gradually
closer to a distance of 50 m from the fire. Rock and shotcrete surface
spalling was observed in the course of the testing. The fire brigade
vehicle could be moved to an effective position as early as 6 minutes
after, under the protection provided by the water mist and air flow.
Further 15 minutes were sufficient for virtually complete extinguis-
hing of the fire — the temperature at the fire epicentre dropped to some
120 °C. In addition to the cooling effect, the dispersed drops of water
were effective even in binding soot particles contained in the fire
gases, thus improving the air opacity. (J. Schwarzmann, 2002).

CONCLUSION

It is obvious from the above text that effective methods of the lining
protection against extremely high temperatures during a tunnel fire, as
well as effective extinguishing methods are available today. But the
role of a prompt emergency intervention is of primary importance. It
should start within 15 minutes after the fire identification because the
temperatures, and therefore also their negative impacts on the lining,
tunnel structures and tunnel equipment, grow at an immense rate.

PROF. DIPL. ING. FRANTISEK KLEPSATEL, Ph.D.,
DIPL. ING. JANA CHABRONOVA, Ph.D.,
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Toel

ZE SVETA PODZEMNICH STAVEB / FROM THE WORLD OF UNDERGROUND CONSTRUCTIONS

RAKOUSKA SMERNICE PRO GEOMECHANICKE NAVRHOVANI PODZEMNICH STAVEB
1. €ast (faze pripravy/projektovani)

(Richtlinie flr Geomechanische Planung von Untertagbauarbeiten
mit zyklischem Vortrieb; Phase 1 - Planung)

In 2001, the Austrian Society for Geotechnics developed the Guideline for the
Geomechanical Design of Underground Structures. The guideline is obligatory
for geotechnical designing of most Austrian projects. The author of the paper
informs Czech and Slovakian readers of TUNEL magazine about the first part of
the directive, which deals with the planning phase of underground projects.

Smérnice byla vytvorena v roce 2001 Rakouskou geotechnickou spole¢nosti
a je dnes zdvazn4 pro geotechnicky navrh tunell na vétsiné rakouskych projek-
t0. Rakouskd norma ONORM B2203-1 z roku 2002, definujic{ smluvni vztahy
pri provadéni podzemnich staveb, se na tuto smérnici odvoldvd a smérnice pre-
jima Cast tykajici se klasifikace horninového masivu, kterd je ze soucasné
B2203-1 odstranéna.

Smérnice se sklddd z hlavni textové ¢asti rozd€lené na Cdst ,,pripravy stavby*
a Cdst ,,provadenti stavby* a ze dvou priloh. Priloha A se zabyvé urCovanim hor-
ninovych parametrd a obsahuje odkazy na provadéni pifslusnych zkousek
a postupt, pifloha B uvédi priklady pouZiti smérnice. Smérnici v némeckém
origindle je mo7né objednat na www.oegg.at. CTK ITA v soulasné dobé zpra-
covéva uplny preklad této smérnice a predpokldda jeji zvefejnéni v roce 2005.

Tento prispévek se tykd 1. ¢dsti smérnice (fdze pripravy/projektovani), v pris-
tim Cisle asopisu Tunel bude uverejnén prispévek zabyvajici se 2. Csti smérnice
(provédént staveb).

Cilem smérnice je stanoveni takovych postupt geotechnické pripravy (a provadé-
nf) tunelového projektu, které umozni hospoddrny névrh a provadéni pri zajisténi pii-
méfené bezpecnosti v danych horninovych pomérech. Zdsadou smérnice je stanoveni
jednotlivych kroku geotechnického ndvrhu, které prehledné a kontrolovatelné vedou
k popséni chovéni horninového masivu pro konkrétni tunel. Toto chovéni je ovlivné-
no nejen existujicimi vlastnostmi horninového masivu, ale i zptsobem provadéni pod-
zemniho dila. Proto geotechnik uskute¢niujici geotechnické vyhodnoceni musi dzce
spolupracovat se stavebnim inzenyrem, ktery navrhuje definitivni tvar a konstrukci

HORNINOVY MASIV Cést zemské kary sloZend z hornin,

(Gebirge, Rock Mass) prip. zemin, véetné nespojitosti,
anizotropif a dutin vyplnénych tekutinami
¢i plyny.

HORNINA (pevna i zemina) Agregit sestdvajici z minerdlnich slozek,

(Gestein, Rock, Ground) vznikly prirodnimi procesy.

PEVNA 'HORNINA, Minerdlni agregat, jehoZ vlastnosti jsou

SKALNI HORNINA prevaznou merou urceny fyzikdlné-

(Festgestein, Solid/Hard Rock) -chemickymi vazbami.

ZEMINA Akumulace anorganickych ¢éstic pevného

(Lockergestein, Soil/Soft Ground) |  skupenstvi o rizné zrnitosti s nahodilymi
organickymi primésmi. Vlastnosti jsou
urCeny prevdzné granulometrickym

slozenim, zhutnénim a obsahem vody.

TYP HORNINY Pevné horniny a zeminy podobnych vlastnosti.
(Gesteinsart, Rock Type - RT)

PLOCHY NESPOJITOSTI Plochy, na kterych dochézi k prerusent
-DISKONTINUITY mechanické spojitosti pevné horniny a ke

(Trennflaechen, Discontinuities) | skokové zméné neékterych vlastnosti

horninového masivu.

TYP HORNINOVEHO MASIVU
(Gebirgsart — GA,
Rock Mass Type — RMT)

Horninovy masiv s podobnymi
vlastnostmi.

TYP CHOVANI
(horninového masivu)
(Gebirgsverhaltentyp — GVT,
Behavior Type — BT)

Horninovy masiv s podobnym chovénim
v zdvislosti na vyrubu (prostorove

a Casové ovlivnéné deformace

a zpusobu poruseni), avSak bez ohledu na
Clenéni vyrubu a vystrojeni/zajisténi.

CHOVANI SYSTEMU
(Systemverhalten — SV,
System Behavior — SB)

Chovini jako vysledek interakci
mezi horninovym masivem, vyrubem
a jeho zajisténim.

ZAKLADNI PLAN VYSTAVBY
(Gefaehrdungsbild, Baseline

Souhrn geotechnického projektu véetné
vSech omezujicich faktord a moZnosti

_ Construction Plan) rozhodovani behem provéadeni. Y,

Tab. 1 Ndzvoslovi a viznam pojmu

Geomechanicky vyznamné parametry

Urcit
TYP HORNINOVEHO MASIVU

[ T 1
Orientace diskontinuit
vzhledem k tunelu

Velikost, tvar
aumisténi tunelu

2. krok Urdit
TYPY CHOVANI (horninového masivu)

Hydrogeologie | | | | Stav primdrniho napéti

| Identifikace okrajovych |

podminek
]
Definice
pozadavku (SB)

Urdit zpusob

VYRUBU a ZAJISTEN{

Chovani
systému (SB)

Stanoveni vyrubu a jeho zajistén{

4. krok Urdit
PLAN VYSTAVBY

Urcit

5. krok TRIDY VYRUBU

Soupis a specifikace praci
Zisady pro stanoveni
vymér a odménovéni

| Rozdéleni tiid vyruby |

]

Zadavaci dokumenty
projektu

Obr. 1 Schéma postupu geotechnického projektu

tunelu a také zplsob provddéni, tj. prostorové i Casové Clenéni raZby
a vystrojovéni/zajistovani vyrubu. K dspésnému vysledku této spolupréce je nutné
vzdjemné pochopeni moZnosti a potieb obou profesi. Geotechnicky prizkum, ktery
doddva geotechnikovi ¢dst informaci, by mél byt zamefen konkrétné na potreby dané-
ho tunelu a kazd4 Cinnost pruzkumu by méla byt zdivodnitelnd pro potieby projektu.

Vzhledem k proménlivosti geologického prostredi definovaného strukturou horni-
nového masivu, horninovymi a zeminovymi parametry, podminkami danymi napé-
tim a hydrogeologickymi poméry, je tieba v rdmci procesu projektovani/pripravy
pouzit konkrétni uceleny postup. Hlavnimi vlivy, které urCuji geotechnicky projekt,
jsou horninové pomeéry a chovani horniny.

Kvalitn{ a hospoddrny projekt miZe byt pfipraven jen postupem vypracovanym
pro konkrétni stavbu a konkrétn{ horninové prostredi.

Navzdory viem neur€itostem v popisu horninovych poméra potiebuje priprava
podzemnich staveb uceleny a logicky postup navrhu/projektovani, ktery je mozné
ovérovat a kontrolovat i po celou dobu vystavby.

Smérnice zavadi ndsledujici ndzvoslovi a v§znam jednotlivych pojmu (viz. tab. 1).

FAZE 1 - PRIPRAVA/PROJEKTOVANI
ZAKLADNI POSTUP

Geotechnicky projekt (v Rakousku Geomechanische Planung) je jako soucast
projektové dokumentace tunelu podkladem pro stavebni fizeni, pro dokumenta-
ci pro zadéni stavby (urent tiid vyrubu a jejich rozdéleni) a pro stanoveni tech-
nickych opatfeni pri realizaci vyrubu a jeho zajisténi.

Vyvojovy diagram (obr. 1) zndzorfiuje pét krokt postupu pri tvorbé geotech-
nického projektu, polinaje stanovenim typi horninového masivu a konce
urCenim trid vyrubu. V rdmci prvnich dvou kroku je tfeba pouZit statistické, piip.
stochastické (pravdépodobnostni) analyzy ke zohlednéni variability a neur¢itos-
ti hodnot klicovych parametri a ovliviiujicich faktord, jakoZ i jejich rozloZen{
podél trasy konkrétni stavby. Stochastické (pravdépodobnostni) analyzy pak
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Tab. 2 Priklad vybranych kli¢ovych parametri pro ruzné obecné typy horninového masivu
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@ v zeminé: zrnitost, hustota, mineralogické sloZent,
parametry jednotlivych slozek zeminy, parametry
celku, obsah vody a hydraulické vlastnosti.

Zacind popisem zékladni geologické stavby a pokraCu-
je definovanim geotechnicky relevantnich klicovych
parametri pro kazdy typ horninového masivu a jeho
vlastnosti. Hodnoty kli¢ovych parametrt a jejich rozloZze-
ni se stanovuji z dostupnych informact, piip. odhaduji na
zdkladé inZenyrskogeologického posouzeni; hodnoty se
neustdle aktualizuji na zdklad€ nové ziskanych informaci.
Nisleduje stanoveni typi horninového masivu (RMT)
podle prislusnych kliCovych parametrii (tab. 2). Polet
takto definovanych typu je dén pro stavbu specifickymi
geologickymi poméry a stupném zpracovavané projekto-
vé dokumentace.

Priklad: Tunel v proménné geologii (vépence, mra-
mor, kvarcity a fylity), stupeni projektu DSP, zdroj infor-
macf z detailntho pruzkumu, z laboratore mechaniky hor-
nin a z mineralogickych rozbora.

Bylo urceno celkem 18 typt horninového masivu, zde
ukdzan typ €. 3 (viz tab. 3).

KROK 2 - URCENI TYPU CHOVANI
HORNINOVEHO MASIVU (BT)

(pri zohlednéni velikosti a tvaru vyrubu, hloubky pod teré-
nem, orientace puklin ve vztahu ke sméru razby, vlivu pod-
zemni vody, stavu napjatosti a pod.) bez vlivu zptsobu
razby a vystrojnych prostedkd.

Souddsti druhého kroku je vyhodnoceni moznych zpu-
sobu chovan{ horninového masivu pri uvdZeni viech jeho
typu a mistnich ovliviiujicich faktort véetné relativni ori-
entace pripadnych nespojitosti na trase vyrubu, poméra
podzemnich vod, horninovych tlaka apod. Tento proces
vylstje ve stanoveni typu chovani specifickych pro
stavbu.

Chovani horninového masivu je tieba vyhodnotit pro
cely prafez a bez zohlednéni jakychkoliv tprav vetné
techniky realizace ¢i ¢lenéni vyrubu a jeho

Typ horninového masivu: RMT 3 ) zajisténi &i jinych pomocnych opatfeni.
hornina vapencovy/dolomiticky mramor ) Typy chovini h?miPOVéhO masivu )tVOﬁ
biidli¢natost/anizotropie 60 — 20 cm, mélo anizotropni zdklad pro stanovenf zpusobu realizace vyrubu
velikost bloku, fragmentace 20-6cm a ]ellf) zajistent. £ - L

- P " p Pri vyhodnocovéni chovani horninového
vlz:st??stl dls.kontm.ult. ztflnc?rvle,vdrsnc? masivu se obvykle berou v tvahu ndsledujici
prubéznost diskontinuit prevazné mald ovlivitujicf faktory:
otevreni diskontinuit prevazné uzaviené @ Typ horninového masivu (RMT)

@ Primdrni stav napjatosti

Parametry horniny stfedni hodnota smérodatnd odchylka pocet zkousek @ Tvar, velikost a umisténi kone¢ného stavu
UCS (MPa) 1024 290 26 podzemni stavby
m; 134 62 20 ® Metoda vyrubu _
¢ (MPa) 242 82 20 ° Relatlv,m orientace po}dz.emm’h(,) objektu

® 407 49 20 a systému )nespo}]ltostl J.ako zaklad pro
@ : 2 kinematické analyzy a vliv struktury hor-
B G L = ninového masivu na prerozdeleni napéti
v 0,19 005 23 @ Podzemni voda, proudéni vody, hydrosta-
CAI 14 04 18 ticky tlak
Parametry diskontinuit Pro uréeni typu chovani horninového masi-
tihel vnitfniho treni (°) 35 — 45 (odhad) vu se doporucuje provést ndsledujici analyzy:
rezidudln dhel vnitiniho tienf (°) 30 — 40 (odhad) o Kinematika: Kinematické analyzy pro stano-
Parametry horninového masivu stiedni hodnota smérodatnd odchylka veni nadvyrubu a vyklouzévani klinu horniny
GSI 60 (odhad) 10 (odhad) o Stupen yyunt} hormnov'eho masivu:
UCS (MPa) 238 84 posouzeni poméru pevnosti /hom}no/veho

masivu k situaci napjatosti v blizkosti vyrubu

0 (k) 69 20 o Casové zavislé iéinky: posouzeni dotva-
9 ) 356 4.7 rovani, bobtnan{
E (GPa) 19,7 109 e Mechanismy poruSeni: moZné mecha-

Tab. 3 Typ horninového masivu: RMT 3

podle potieby pokracuji béhem celého procesu a vyustiiji jak v analyzy rizik, tak
i rozloZeni tiid vyrubu, z nichZ pak vychédzi dokumentace zadavaciho fizeni.

nismy porusen{ v horninovém masivu je nutné
analyzovat a popsat, v analyze je také tfeba podro-

bit a popsat je alespon kvalitativné (napf. odprysky, smykové poruchy podél
nespojitosti vzniklé uvoliiovanim napéti, smykova poruseni masivu, a pod.)
Ve smémici je popsdno 11 zékladnich typu chovéni horniny (tab. 4), tyto typy

Pro fazi pripravy/projektovani je postup zaloZen na péti ndsledujicich krocich: mohou byt upfesfiovany ¢i rozsitovany podle konkrétnich podminek projektu.

KROK 1 — URCENI TYPU HORNINOVEHO MASIVU (RMT)

Chovin{ systému je urcovano pro kazdy projekt zvI4st.

Typ horninového masivu je definovan jako geotechnicky vyznamna ¢ést hor- KROK 3 — URCENI ZPUSOBU RAZBY

ninového masivu (véetné nespojitosti/diskontinuit a tektonickych struktur), kterd

ma nasledujici podobné vlastnosti: A ZAJISTENI/V YfTROJ.E ) o )
@ v pevné horniné: typ horniny, mineralogické sloZeni, pevnost (hornina — Po stanoven{ typu horninového masivu a typu Jehov chovani nédsleduje urce-
horninovy masiv), horninové poméry a pomeéry horninového masivu, typy ni vhodnych stavebnich metod (rozpojovani, ¢lenéni razby, odstup celeb,

nespojitosti, vlastnosti nespojitostf, hydraulické vlastnosti; metody zajisténi a piip. i pomocnych opatfeni). V ndsledujicim kroku se
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vyhodnocuje chovani systému (pfedstavovaného interakci mezi chovdnim
horninového masivu a stavebnim postupem) a porovndvd se s projektovymi
pozadavky.
Ovliviujici faktory
Chovini systému ovliviiuji tyto faktory:
@ Typ chovani horninového masivu
@ Tvar, velikost a zpusob provddéni vyrubu vetné Clenéni vyrubu a dodas-
nych stadif
® Prostorovy a Casovy postup stavby
@ Casoveé zdvislé  vlastnosti horninového
i vystrojnych/zajistovacich prvka
@ Zajistovaci prvky/vystroj, misto a Cas jejich osazovan{
Metoda
Metody analyzy jsou zdvislé na okrajovych podminkdch zkoumanych pod-
zemnich dél/tunelt. V podstaté 1ze pro analyzu chovani systému vyuZit ndsledu-
jici metody:
o Analytické metody
® Numerické metody
@ Srovndvaci studie vychdzejici ze zkuSenosti s dfive realizovanymi podob-
nymi stavbami
Je tfeba vzit v Gvahu proménlivost ovliviiujicich faktort jakoZ i vliv stavby na
okoli. Obecné plati, Ze ovliviiujici faktory nejsou k dispozici jako deterministic-
ké hodnoty, nybrZ jako oblast ¢i rozptyl hodnot. Proto je pfi vyhodnocovéni vlivu
rozptylu parametrt na chovéni systému tieba pouZit pravdépodobnostni metody
k vypracovéni parametrickych studii. Pravdépodobnostni metody také umoziu-
ji zhodnoceni geotechnickych rizik.

masivu a pripadné

Posouzeni
Chovani systému je nutné potvrdit analyzou a porovninim s projektovymi
pozadavky. Analyzou chovéni systému se mus{ prokdzat:
@ stabilita ve vSech stavebnich etapach
@ dodrZzen{ pripustnych vlivi na okoli (sedéni povrchu, vibrace, narusenf reZi-
mu podzemnich vod, jiné zasahy do pfirody, a pod.)
@ 7e jednotlivé deformace neprekraCuji stanovené meze (kritické namédhéni,
pouzitelnost)
Pokud nelze ovliviiujici parametry s dostateCnou presnosti stanovit pred zaha-
jenim stavby, je tfeba vypracovat program fizeni geotechnické bezpe¢nosti a spe-
cifikovat v ném metodiku a postupy praci na stavenisti.

KROK 4 - GEOTECHNICKA ZPRAVA, ZAKLADNI PLAN VYSTAVBY,
PROGRAM RiZENi GEOTECHNICKE BEZPECNOSTI

PN

Na zékladé kroku 1 a7 3 se trasa rozd€li na ,,homogenni* oblasti, kde plati podobné
pozadavky na vyrub a zaji§téni. Zékladni plan vystavby uvédi zpusoby razby a zajis-
téni pro kazdou takovou oblast a stanovuje limity a kritéria pro mozné zmény a tpra-
vy béhem provadéni.

Vysledky geotechnické pripravy projektu (Geomechanische Planung) je tfeba shr-
nout ve zvlastni geotechnické zpravé. V ni je tieba popsat jednotlivé predchézejici
kroky obsaZené ve smémici prehlednym a srozumitelnym zptsobem, tak aby bylo
mozné kontrolovat u¢inénd rozhodnuti.

Jednotlivé dil¢f prace/Cinnosti, zprévy, ndvrhy a posouzeni vznikajici v prabéhu geo-
technické prfpravy projektu, zpracovavané riznymi zdcastnénymi subjekty, tvorf
zdklad geotechnické zpravy. Experti, geotechniCti inZenyii a projektanti tunelu, maji
tuto zpravu vypracovat spolecné.

Obsah geotechnické zpravy

@ Souhrn vysledki geologickych a geotechnickych prizkumi a jejich interpretace

@ Popis typt horninového masivu a souvisejicich kli€ovych parametri

@ Popis typl chovéni horninového masivu, pifslunych ovliviiujicich faktord, pro-

vedenych analyz a geotechnického modelu, z néhoZ typy chovni vychdzeji
®Zpridva o stanoveni zplsobu vyrubu a jeho zajisténi, uvaZovanych
zplsobech/modelech porusent, pouZitych analyzdch, posouzenich a vysledcich

@ Zdkladni pldn vystavby (v prehledném zobrazeni)

@ Podrobné pozadavky zdkladniho plédnu vystavby (chovani systému, opatfent, o jejichz

pouziti bude rozhodnuto béhem stavby, varovné stavy a jejich kritéria a pod.)

® Zpriva o stanoveni tiid vyrubu/razby (technologickych tfid), rozdéleni jednotli-

vych tiid po trase

Obsah zakladniho plénu vystavby

Z&kladni plén vystavby je shrnutim geotechnické pripravy projektu (Geomechanis-
che Planung) a méd obsahovat a zobrazovat ndsledujici informace:

@ Geologicky model s rozdélenim typti horninového masivu a typt chovéni horni-

nového masivu v podélném fezu

@ Useky, ve kterych se maji respektovat specifické pozadavky na opatfent, o jejichz

pouziti a upfesnéni bude rozhodnuto behem stavby

@ Pevné stanovené typy vyrubu a jeho zajisténi (délka zdbéru, Clenéni razby, ocekd-

vany nadvyrub, poZadavky na uzavreni profilu spodni klenbou, kvalita a kvantita
vystrojeni, zlepSovani vlastnosti masivu, a pod.)

@ Seznam opatfeni, o jejichZ pouZiti bude rozhodnuto béhem stavby (zajistén{ vyrubu

pred Celem razby, zajisténi Celby, zlepSovéni vlastnosti masivu, odvodnéni, a pod.)

@ Popis chovan{ systému (chovan{ béhem razby, deformacni charakteristiky, vyuZi-

t{ vystrojeni a pod.)

@ Kritéria varovnych stavu a Grovn¢, jakoZ i mimorddnd opatfeni dle programu fize-

ni geotechnické bezpecnosti

Toel

Typ chovani (BT) Popis chovani horninového masiva

(bez vystroje) a popis moznych
mechanismu poruseni

1 Stabilni Stabilni horninovy masiv s moznosti lokdl-
niho vypadédvéni nebo vyjizdéni mensich

bloku vlivem gravitace.

2 Stabilni, s moZnosti nespojitostmi
ovlivnéného vypaddvani bloku
(strukturni nadvylomy)

Hluboko zasahujici vypaddvani i
Vyjizdéni bloku po nespojitostech,
vyvolané gravitaci, ob¢asnd mistni
prekroceni smykové pevnosti na odlu¢nych
plochéch.

Melk4, koncentraci napéti vyvoland
smykové poruseni (prekroceni pevnosti
horniny v blizkosti vyrubu) v kombinaci
s poruSenim horninového masivu
vyvolanym gravitaci na nespojitostech.

3 Melka smykova poruseni
(PretiZeni horninového masivu
v blizkosti vyrubu)

4 Hloubkova smykova porusent
(PfetiZeni horninového masivu
zasahujici do hloubky)

Hlubokd, napétim vyvoland smykova
porusent (pfekroCeni pevnosti horniny

v dusledku koncentrace napéti dédle od
vyrubu) a velké deformace.

5 Odprysky horniny
(Rock Burst)

Nahlé a prudké porusenti skalntho
masivu na povrchu vyrubu zpusobené

u velmi naméhanych kiehkych hornin
zménou primérni napjatosti a uvolnénim
energie.

6 Poruseni boulenim
Stiih vrstev

Vyboceni horniny s tizce lokalizovanou
soustavou nespojitosti, asto provazené
smykovou deformaci.

Strih tenkych vrstev, Casto v kombinaci se
smykovym porusenim.

7 Smykové poruseni pfi nizkém stavu napjatosti | MoZnost nadmérného nadvylomu a progre-
sivniho smykového poruseni vedouct

k vykominovéni, zpisobené predevsim
ztrétou napjatosti (rozvolnénim) horniny.

8 Drolivd, sypkd hornina Vypadévani, vysypdvani az vytékani zpravidla
nesoudrznych suchych nebo vlhkych, velmi

fragmentovanych hornin nebo zemin.

9 Tekoucf hornina Tok velmi fragmentovanych hornin

s vysokym obsahem vody.

10 Bobtndn{ Casové zavisly piiristek objemu horninové-
ho masivu, vyvolany fyzikdlné-chemickou
reakci hornin s vodou, kombinovany s uvol-
fiovanim napéti, jeZ ma za ndsledek svirdni
stén tunelu.

—_
jany

Velké zmény napéti a deformaci, zptisobené
kombinovanou strukturou horniny
,,blok ve vypliiové hmoté“ napr.

v heterogennich poruchovych pasmech.

Heterogenni horninovy masiv
s nahlymi zménami deformacnich
charakteristik

%

Tab. 4 Obecné kategorie typu chovdni horninového masivu

Program Fizeni geotechnické bezpecnosti

Stabilita podzemnich staveb je pri projektovani a provadéni zdsadnim problémem.
V zdvislosti na konkrétnich geotechnickych a okrajovych podminkdch stavby je moz-
nost porusent stability rizn, a proto jsou riznd i nutnd opatfenf prijatd k zabezpeteni
potrebné stability.

Vzhledem k proménlivosti geotechnickych poméru (statického systému a dnosnosti
horniny a vystroje) nelze projekt podzemniho objektu srovnavat se statickym navrhem
jinych (pozemnich/nadzemnich) objekt, u kterych jsou zat€Zovaci sily, staticky
systém i vlastnosti materidlt urCeny s fadové véti presnosti.

U podzemnich staveb nelze vzhledem k nepfesnosti pouZitého geotechnického
modelu presné stanovit rizika spojend se stavbou. Vzhledem k tomu je Zddouci zave-
den{ systému Tizeni bezpe¢nosti.

Systém fizeni bezpe¢nosti musi fesit/obsahnout ndsledujici témata:

@ Nivrh postupu vyrubu a jeho zajisténi

@ Kritéria pro posouzeni stability na zdkladé znalosti horninovych poméra béhem

projektovani

@ Navrh monitorovani béhem provadéni stavby se vemi technickymi a organizac-

nfmi opatfenimi, kterd umoZni prubézné porovndvéni ocekdvanych a skute¢nych
podminek provadéni

@ Ndvrh organizace a fizeni pro piipady, kdy se skute¢né poméry lisi od ocekdva-

nych, a to jak v piiznivém, tak i nepriznivém smyslu

KROK 5 — STANOVENI TRID VYRUBU

Po kone¢ném urceni viech stavebnich opatreni pro jednotlivé typy chovani horni-
nového masivu mus{ byt stanoveny tiidy raZeb (technologické tfidy) podle normy
ONORM B2203-1 (v Rakousku). Ti{dy raZeb slouzi vylucné k popisu pracf, kalkula-
ci nékladu a tvorf zdkladnu pro thrady praci. Tfidy raZeb jsou dle ONORM B2203-1
definovany dvéma zdkladnimi parametry: délkou zdbéru a stupném zajisténi vyrubu
(normalizovana hodnota mnozstvi vystroje).

Rozdéleni ofekdvanych tiid vyrubu podél vytyené trasy je zdkladem pro stanoveni
nabidkové ceny v prubéhu vybérového fizeni a vikazu vymér pri realizaci stavby.




Toel

Jednu tfidu raZby lze prifadit vice typim chovani horninového masivu, nebot' muZe byt
ti¢elné provadet stejny zptisob razby a vystrojeni pro rizné typy chovani horninového
masivu.

Predpokladem sestaveni vykazu vymér/soupisu praci je prognéza rozlozen tiid vyrubu.
Toto rozloZen{ je tieba stanovit pro nejpravdépodobnéji rozdélent typu chovani. Z ného
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maji byt také ziejmé pravdépodobné drobné zmeny trid vyrubu vzhledem k rozdélent (vari-
aci arozptylu) ovliviujicich faktord. Pfi stanovovéni rozdélent tifd vyrubu podél trasy tune-
lu je nutné vzit v tvahu riznorodost horninového masivu. Ve velmi heterogenn{ hornin€ je
Casto se ménici zpusob razby a zajisténi vyrubu technicky i ekonomicky nevyhodny.
ING. MARTIN SRB, D2 CONSULT PRAGUE,s.r. 0.

ODBORNA TUNELARSKA TERMINOLOGIE I./PROFESSIONAL TUNNELLING VOCABULARY |

Professor Jifi Bartdk DrSc calls attention of Czech readers and authors of papers
publishing in Tunel magazine to some basic contemporary underground constructi-
on terms, which should be used uniformly within the industry. At the same time, he
calls upon the professional public to take part in the discussion on the meanings and
proper application of the terms. He is going to continue with his cogitation about
other terms in the following issues of the magazine.

Vydévani Gasopisu tunel pati{ k nejvyznamnéjiim aktivitim Ceského tunelarské-
ho komitétu a Slovenské tunelafské asociace ITA/AITES. Ctvrtletnik TUNEL mé
dlouholetou tradici, velmi dobrou odbornou i grafickou tiroven a priznivé ohlasy
mezi naSimi i zahrani¢nimi odborniky. Dvojjazy¢nou verzi prestiz TUNELU velmi
vzrostla, soucasnd novd ,,tvai* Casopisu pfinesla nepochybné urcité vnéjsi oZivent;
snahou redakéni rady je zajistit i oZiven{ obsahové.

Zajem o publikovani v ¢asopise TUNEL se neustdle zvysuje a redakéni rada mé
v posledni dobé obvykle k dispozici vice kvalitnich pifspévk, nez muze do jednot-
livych &isel Casopisu zatadit. Jazykové i odborné redakci piispévku je mozno pii
dostate¢ném ,,predzdsobeni** vénovat vetsi péci, i kdyz je obvyklou snahou respek-
tovat maximdlné jazykovy a odborny pristup autora.

Nicméné zejména zdkladni terminologie moderniho podzemniho stavitelstvi by
méla byt uzivana jednotné jak na zdkladé historicky zavedeného, vZitého ndzvoslo-
vi, tak na zdkladé prevzaté (pripadné upravené) terminologie zavedené v tuneldrsky
vyspélych zemich — v obou pripadech se snahou o co nejvetsi vystiznost (pfesnost)
a srozumitelnost jednotlivych pojmd.

Nazvoslovnd tematika je velmi Sirokd a v systematickém zpracovéni by byla pro
Casopisecké zpracovéani nepochybné i dosti nudnd. Zamérem autora je proto vice-
méné subjektivné, na zdkladé vyberu nevelkych dil¢ich oblasti podzemniho stavitel-
stvi s nejCastejsimi nazvoslovnymi diskrepancemi (piipadné té7 i v geotechnickych
specializacich tzce souvisejicich — jako je napr. pazeni stavebnich jam, kotveni,
injektdze), predestfit odbornou terminologii, kterd by konsensudlné odpovidala ter-
minologii norem, technickych podminek, predpist, u€ebnic a také odbornych pifs-
pévki na konferencich a v Gasopisech.

Terminologie kazdého oboru se v Case vyviji, obory piitbuzné jsou zdrojem alter-
nativ a nazvoslovnych variaci; stejné je tomu i v oblasti podzemnich staveb. Zkuse-
nosti a nazory ¢tenditi nemusi byt vzdy v souladu s predstavami autora o obsahu jed-
notlivych ndzvoslovnych pojmu — jakékoli reakce proto sméfujte primo na e-mailo-
vou adresu bartakj@fsv.cvut.cz. Vase ndméty budou analyzovény a po konzultacich
vétSinou publikovény, ¢imz se zaslouZite o dali oZiveni téchto ,,opakovacich lekei*.

1 — pfistropi / top heading
2 — opéii / bench
3 — spodni klenba / invert

Popetihipas,

Obr. 1 Zdkladni horizontdlni ¢lenéni vyrubu pii NRTM

1 — opérovi Stola/tunel
l site drift
2 —kalota / top heading
3 — jadro / core
4 — spodni klenba / invert

Obr. 2 Zdkladni vertikdlni ¢lenéni vyrubu pri NRTM

Népln dnesniho ndzvoslovného koutku bude, vzhledem k del§imu tivodu, pomér-
né krédtkd a vztahuje se zdmémé k nefrekventovanéjsi metodé vystavby tuneld
v nasich krajich — Nové rakouské tunelovaci metodé. Zejména opakované nesrov-
nalosti v ndzvech &asti ¢lenéného vyrubu pri NRTM, které byly Casto pfedmétem
denf této podrubriky.

Moznosti, jak ¢lenit vyrub pii NRTM, je celd fada, z ndzvoslovného hlediska je
dlezité pojmenovéni dil¢ich vyrubu (sekvencf) dvou zakladnich typa Elenéni vyru-
bu — horizontdIntho a vertikdlntho.

Pii horizontalnim Elenéni (obr. 1), pouzivaném pri NRTM Castéji z divodu
technologickych nez statickych, se rozliSuji tii zdkladni ¢asti vyrubu:

e piistropi (kalota),

® opcii,

o spodnf klenba.

Tyto terminy jsou analogické k historicky zavedenému pojmenovani ¢asti pIného
vylomu u tunelového osténi klasického typu (klenba ulozend na tuhych opérach).
Maly rozdil je patrny v pojmenovani spodni Casti vyrubu, kterd je v klasickém
ndzvoslovi oznacovéna jako dno (po¢va), zatimco spodni klenbou byla nazyvana
vyhradné ¢ést tunelového osténi mezi zdklady opér. U NRTM prevlddlo v posled-
nich letech Sirs{ pojeti vyrazu spodni klenba, do kterého se zahrnuje i oblast vyrubu,
v niZ se spodni ¢ast osténi provadi.

Termin ,,opeii* md némecky a anglicky ekvivalent v ndzvech ,,strosse” a ,,bench®.
Oba maji podobny vyznam — sestup, stupeii, lavice. Ostatné i u nds u mensich pro-
fili pomérmé Casto uzivany termin ,,ldvka“ je vyznamove totozny.

Pii vertikalnim ¢lenéni (obr. 2), jeho? ti¢elem je predeviim zvySeni stability dil-
Cich vylomu pri NRTM, se rozlisuji ndsledujic ¢sti vyrubu:

@ operové Stoly nebo tunely (rozlisent dle velikosti piiéného fezu — hranici je 16 m?)

e piistropi (kalota),

o jadro,

® spodni klenba.

Terminy ,,0pérova Stola“ a ,,jadro” jsou analogické k pojmenovani diléich vylo-
mu tunelovacich metod nékdejstho pilifového systému raZeni — metody jadrové
neboli némecké a metody podchycovani neboli belgické.

K dal§im nazvoslovnym tskalim NRTM se je$té pozd¢ji vratime. Dnesni vstup
naznaCuje zamysleny zdmér autora — na problémové terminy poukézat a v SirSich
souvislostech (po pifpadné diskusi) je obhdjit ¢i odmitnout. .

PROF. ING. JIRI BARTAK, DrSc.

TUNEL QUADARRAMA - DOKONCENI RAZEB A KONSTRUKCI

A 200km high-speed railway line from Madrid to Valladoid is under construc-
tion in Spain. The Madrid — Segovia section with the 28,377m long Quadarrama
tunnel is part of this project. The paper informs about the course of the con-
struction, mainly about the completion of TBM driven tunnel tubes.

Vystavba tunelu Quadarrama je dileZitou soucdsti obdivuhodného rozvoje
vystavby vysokorychlostni Zeleznice na tzemi Spanélska uskute¢novaného
v obdobi 2000 —2007.

Investorem uvedeného rozvoje je organizace GIF /Gestor de Infraestructuras
Ferroviarias/ zfizend $panélskym ministerstvem pro vefejné prace.

Tunel Quadarrama je Casti vystavby trasy 200 km vysokorychlostni Zeleznice
Madrid — Valladolid, dseku 76 km Madrid — Segovia. Tunel celkové délky

28 377 m fesi na tomto tseku dvéma tunelovymi troubami bdzicky tunelovy pra-
chod pod pohoiim a ndrodnim parkem stejného jména. Celkovou délkou tunelo-
vé trasy se tunel Quadarrama fadi k nejdel$im svétovym dopravnim tuneltim.

ZAKLADNI UDAJE TUNELU QUADARRAMA

Celkova délka tunelu, pozadavek zadavatele na terminy jeho vystavby, vyska
a charakter dzemi v nadloZi tunelu urcily jako technologii vystavby tunelu
pouziti TBM.

Zadavatel vybral pro realizaci tunelu touto technologif pro kazdou tunelovou
troubu jiného vyrobce (Herrenknecht, Wirth). Provddéni praci bylo organizova-
no z jiznich a severnich portalovych vstupi do tuneli dvéma nezdvislymi
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sdruzenimi dodavatelskych spolecnosti. Touto organizaci vystavby tunelu byly
vytvoreny podminky pfirozené soutéze jak vyrobct TBM, tak i sdruZeni doda-
vateld.

Price na vystavbé tunelu byly zahdjeny pfipravnymi pracemi na portélo-
vych vstupech na zacdtku roku 2002. Soucasné byla objedndvdna vyroba
potifebnych TBM. Zadéni pro jejich vyrobu mélo mimoradné pozadavky na
jejich konstrukci.

Pohoti Quadarrama je tvoreno biotitickymi Zulami s vlozkami Zulového
porfyru, monzonitu, mikrodioritu a kiemene. Stroje TBM pruméru hlavy 9,5
m byly do uvedeného geologického prostiedi proto navrhovdny na poZa-
davky rozpojovani pevnosti 170 MPa. Dal§im zdkladnim poZadavkem na
konstrukci TBM bylo zabezpeceni mési¢nich postupt 500 m soucasné pro-
vadénych razeb a panelovych konstrukei definitivnich obezdivek (v&etné
poklddéni panelu konstrukce kolejiste) na délce vzdy zhruba 14 km u kaz-
dého ze &tyr vyrobenych zafizeni.

DOSAVADNI PRUBEH VYSTAVBY TUNELU

Jednotlivd zafizeni TBM byla uvddéna do provozu na konci roku 2002 a na
zacatku roku 2003. Hodnoty klasifikace RMR v zastizeném horninovém pro-
stiedi se pohybovaly v rozmezi 50 — 70, maximélni hodnota dosazend na razbach
ze severniho portdlu byla 73. Pevnosti Zul v tlaku se pohybovaly v rozmezi
100 — 180 MPa. V kratkych (do 20 m) dsecich Zulovych porfyri a mikrodioriti
vSak byly piekondvdny pevnosti 273 — 308 MPa. ZdrZeni postupt v dsecich
vysokych pevnosti stejné jako v dsecich poruchovych pasem (4 % délky) bylo
vyrovndvéno tspésné v délkove prevazujicich tsecich s o¢ekdvanymi podmin-
kami.

Soucasné provadeéni razeb a montédze definitivni panelové konstrukce bylo na
severnim portélu tunelu ukonéeno po provedeni 14 051 m ve tfetim tydnu letos-
niho roku. Pozdéji zahajované prace z jizniho portdlu byly ukonéeny v sedm-
nactém tydnu 2005. Na pracovisti severniho portdlu tunelu tak byl za celkem 25
mésicu vystavby dosazen prumér postupt provadéni 562 m/mésic a prace byly
ukonCeny o ¢tyfi mésice dfive oproti planovanému terminu.

Mimofadné ndrond tunelovd ¢dst tseku vysokorychlostni Zeleznice na tseku
Madrid — Segovia se tak stala ¢4sti, kterd urychluje dokonceni celé investice.

POSUNY HRANIC POUZITI TBM DOSAZENE NA PROJEKTU
QUADARRAMA

Dosazené vysledky pouziti TBM na projektu Quadarrama jsou potvrzenim
dlouhodobé zkuSenosti rozsifovani hranic moZnosti téchto zafizeni kazdym
jejich novym pouzitim.

Na uvedeném projektu je nezbytné zaznamenat zejména:

Seccion Transwerual

P

Obr. 2 Schematicky pri¢ny rez

Obr. 1 Montdz §titu v portdlové jamé

@ rozsifeni hranice rozpojovani TBM ve skalnich hornindch s pevnosti v tlaku
170 MPa, s ojedinélymi dseky az 300 MPa jiZ také pro priméry hlavy TBM
9,5 m;

@ dosahovéni prumérnych mési¢nich postupt raZeb a soucasného budovani
definitivni panelové obezdivky v téchto skalnich hornindch u pruméru hlavy
TBM 9.5 m na drovni presahujici 500 m/mésic;

@ posun hranice jednoho nasazeni TBM jak z hlediska celkové délky trasy
(nyni 14 km), tak i z hlediska délky Casu jeho nepfetrzitého nasazeni (nyni
25 mésicu).

Dosazené vikony TBM dvou z rozhodujicich vyrobet téchto zafizeni na tune-
Iu Quadarrama jsou vyzvou k dal§imu posunu dosaZenych hranic pfi piistim
pouziti této technologie vystavby tunelovych tras.

Podil spolecnosti Prominecon S. L. na vystavbé tunelu Quadarrama

Po zruSeni &innosti pobotky Subterra, a. s., pisobici ve Spandlsku v obdobi
1990 — 1999 navazala v roce 2000 na jeji ¢innost nové zaloZend $panélskd spo-
le¢nost Prominecon S. L.

Jako subdodavatel $panélské spole¢nosti FCC zabezpec€ovala tato spole¢nost
na vystavbé tunelu Quadarrama kapacitou ve $pickovém obdobi vice nez 60 pra-
covniku na pracovisti severniho portélu tunelu zejména vyrobu panell pro oba
stroje TBM, jejich dopravu na misto montédZze, zfizovani a tdrzbu technologic-
kého vystrojovani obou tuneld.

Na tdspéch podilu ¢innosti spole¢nosti Prominecon S. L. na vystavbé tunelu
Quadarrama navazuje v soucasnosti vyuziti kapacity této spolecnosti na trasach
5a9 vystavby metra v Barceloné a na vystavbé metra Linea 3 v Madridu.

ING. JIRI SMOLIK, SUBTERRA, a. s.

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

SVETOVY TUNELARSKY KONGRES WTC 2005 V ISTANBULU

Secretary of the CtuC ITA/AITES informs on the course of the ITA
31st Annual Meeting and the World Tunnel Congress WTC 2005, held in
Istanbul, Turkey, in May 2005. He also mentions promotion of the WTC
2007, which will be held in Prague, Czech Republic, in 2007

Mezinarodni tuneldrskd asociace (International Tunnelling Association
— ITA/AITES) usporddala ve dnech 7.—12. kvétna v Istanbulu své tficité-
prvni setkdni u pfileZitosti konén{ svétového tuneldrského kongresu WTC
2005. Kongres organizovala tureckd spolecnosti pro vystavbu komunika-
ci TRA a jeho hlavnim téma bylo: VyuZiti podzemi — analyza minulosti
a ponauceni pro budoucnost.

Vlastni kongres probihal v kongresové ¢asti hotelu Grand Cevahir
a jeho jednani bylo rozdéleno do 13 sekci. Jedndni ITA 2005 Open Sessi-
on bylo vénovéno tunelim provddénym pod vodni hladinou. Prezentova-
ny byly nésledujici tunely:

o Tunel Nusantara, ktery spoji ostrovy Jdvu a Sumatru v Indonésii;

@ Priprava tunelu pod gibraltarskou tZinou;

o Uvahy o tunelech mezi ruskou pevninou a ostrovem Sachalin a mezi

Ruskem a Aljaskou (USA);

@ Norské automobilové tunely pod fjordy;

@ Zelezniéni tunel pod Bosporem (Marmaray Project). Tento naplavovany

tunel md v Istanbulu spojit Zeleznici evropskou a asijskou ¢dst Turecka.

Sbornik predndsek (mimo Open Session) md ve dvou dilech celkové
1342 stran a je si jej moZno vypujéit v sekretaridtu CTuK.

Pred vlastni kongresem poprvé ve vazbé na svétovy kongres prob¢hla
vzdélavaci akee (ITA Training Programme). Byla tiidenni a konala se na
istanbulské technické univerzité. Pro mladé tunelére a geotechniky pred-
ndseli predni svétovi odbornici.

SoubéZné s kongresem se konaly akce svétové tunelarské asociace,
predevsim jedndni exekutivy, valné shromédzdéni (GA) a jedndni pracov-
nich skupin (WG). Téchto jednani se dlastnili zdstupci, delegati, pozo-
rovatelé a ¢lenové pracovnich skupin 43 z 53 ¢lenskych stdtu asociace.



Obr. 1 Pohled do jednaciho sdlu pri zahdjeni kongresu

Valné shromazdéni (GA) ITA/AITES:

@ potvrdilo generédlniho sekretdre ITA/AITES p. Clouda Bernguiera na
dal$i obdobi,

@ zvolilo dva nové Eleny exekutivy (P. Grasso — Italie; W. Liu — Cina),
@ vyslechlo prezentace uchazecu o porddani WTC 2008 (USA — San
Francisko; Indie — New Delhi); v ndsledujici volbé zvitézila Indie,
e ustavilo novy vybor ITA pro bezpefnost provozovanych tuneld;

predsedou je A. Haack (ITA) a mistopfedsedou D. Lacroix (PIARC),

@ prijalo Clenstvi dal§ich ndrodnich komitétd, takZze pocet Elenskych
stata se zvysil na 53; piidruzenych ¢lenu je 270,

e vyslechlo prezentaci pofadateld WTC 2006 (Korea — Soul) a nasi
prezentaci WTC 2007 Praha — prednesl ji predseda CTuK Ing. Ivan
Hrdina. Prezentace velmi zaujala a byla tdspé$nd také diky velmi
dobrému videoprogramu,

@ zduraznilo $ifeni informaci prostiednictvi elektronickych médii.
Webové stranky ITA/AITES obsahujf vice nez 500 stran html a 330
dokument) a ITA News se elektronickou postou rozesild na 2 200
adres (zdjemci musi sdélit sekretaridtu ITA do Laussane e-mailovou
adresu, aby ITA News jim byla zasildna).

Vice podrobnosti o kongresu i o jedndnich orgdna ITA/AITES

je mozno nalézt na webovych strdnkdch: www.ita-aites.cz

a www.ita-aites.org

Diilezitym tkolem t&astniki z Ceské republiky byla propagace WTC
2007 v Praze. Jeji pripravu zabezpecil organizaéni vybor WTC 2007 pod
veden{ svého predsedy Ing. Georgie Romancova, CSc.

CTuK ve spoluprici s agenturou Czech Turism mél v blizkosti pre-
zence Glastniku svuj stdnek, ktery navstivila vétSina dcastnika kongresu.
K dispozici zde bylo prvni tistené oznameni o kondni WTC 2007
v Praze, déle propagacni materialy o Praze a Ceské republice a 300 ks
¢. 1/2005 ¢asopisu Tunel.

Dalsi vyznamnou akci CTuK byl banket (,,éesky vecer™), ktery se konal
v hotelu Swiss Bosphorus. Pozvéni byli predev§im ¢lenové exekutivy
ITA a ¢lenové Advisory Committee WTC 2007. Naprostd vétSina pozva-
nych prisla. Pozvani také prijal generdlni konzul CR v Istanbulu

Obr. 5 Generilni konzul CR v Istanbulu na banketu CTuK (tieti zleva)
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Obr. 2 Grand Cevahir Hotel — misto kondni kongresu WIC 2005

Obr. 4 Soucasny a byvali prezidenti ITA/AITES s manZelkami na banketu CTuK

PhDr. Martin Jankovec. VeCer byl tispésny a hosté ddvali najevo, Ze se do
Prahy v roce 2007 tési.
Aktivity CTuK v Istanbulu dokumentuji fotografie.
ING. MILOSLAV NOVOTNY,, sekretdr CTuK ITA/AITES



EUROCK 2005 BRNO

The international conference EUROCK 2005 was held in the Czech Republic,
the city of Brno, from 16th to 20th May 2005. The main conference topic was:
Impact of human activity on the geological environment. The conference was atten-
ded by 208 professionals from 29 countries. Many participants arrived from Eastern
Asia (50 from China, 21 from South Korea, 15 from Japan). The total of 118 papers
were read. Part of the symposium was also a meeting of the ISRM boards, and
a plenary session with 39 delegates of national groups (out of the total number of
42). Prof. John Hudson (the UK) was elected as new president of the ISRM.

Pravidelné konference EUROCK, konané pod patronaci Mezindrodni spo-
le¢nosti pro mechaniku hornin (ISRM), predstavuji v obdobi mezi svétovymi
kongresy spole¢nosti nejduleZitéjsi setkdni odborniku z této oblasti. V tomto
roce probéhlo mezindrodni symposium EUROCK 05 ve dnech 16. — 20. kvét-
na v rezii Ustavu geoniky AV CR v brnénském kongresovém centru v hotelu
Voronéz. Hlavni téma konference Vliv lidského pusobeni na geologické pro-
stiedi (Impact of human activity on the geological environment) zahrnovalo
celkem 8 odbornych sekef:

® Odezva horninového masivu na lidskou ¢innost (Response of rock mass to

human impact)

@ Vyzkum in situ (Field research)

@ Laboratorni vyzkum (Laboratory research)

@ Stabilita podzemnich vyrubu (Stability of underground openings)

@ Stabilita svahu (Slope stability)

@ Matematické modelovani (Mathematical modelling)

@ Méreni napéti (Stress measurments)

@ Rozpojovéni hornin (Mineral and rock disintegration)

Konference se ziicastnilo celkem 208 odbornikt z 29 zemi. Za zminku stoj{
velky poet Géastnikii z vychodni Asie (50 z Ciny, 21 z Jizni Koreje, 15
z Japonska), coZ potvrzuje narustajici podil této oblasti na realizaci nejvétsich
projektu z oblasti tuneléfstvi a podzemniho stavitelstvi. Zejména Cinské ambice

Obr. 2 Piedseda CTuK p¥i projevu k ii¢astnikiim konference

ROADWARE 2005

The author of the contribution informs about the Roadware 2005 fair,
which was held in Prague, the capital city of the Czech Republic, from 17th
to 19th May 2005, already for the eleventh time. The fair comprised 72 exhi-
bition stands, with 93 companies covering the whole segment of activities
concerning investment, design, construction, and also operation and mainte-
nance of roads. Part of the fair is also the area of underground structures.

V pravém kiidle Prumyslového paldce v Praze se ve dnech 17. — 19. 5.
2005 konal tento tradi¢nf silni¢n{ veletrh letos jiz po jedendcté. V 72 expozi-
cich se predstavilo 93 firem zahrnujicich cely segment ¢innosti tykajicich se
investovani, projektovani, vystavby i provozu a udrzby.

Zahdjeni prob¢hlo dne 17. 5. 2005 za dcasti naméstka ministra dopravy
a spoji ing. Jiffho Kubinka, predstaviteli Silni¢ni spolecnosti, generdlniho
feditele Reditelstvi silnic a délnic ing. Petra Lau$mana a Stdtniho fondu
dopravni infrastruktury ing. Pavla Svagra.

V katalogu, ktery vySel také v digitdlni edici, jsou obsazeny databdze
vystavovatell, spravcu pozemnich komunikaci, spravy a udrzby silnic v kra-
jich. Pravé prehlednd forma s tdaji charakterizujicimi jednotlivé spole¢nosti
a jejich ¢innosti, je velkym kladem katalogu, stejné tak Cesky i anglicky text.

V katalogu je také obsazeno roztiidéni Gastniku dle profesnich ¢innosti od
diagnostiky az po zimni ddrzbu. V nasi kategorii podzemnich staveb vysta-
vovaly tyto firmy: Ekon s.r.o., Geosyntetika s.r.o., Metrostav a.s., Prostfedi
a fluidni technika s.r.o., SMP CZ a.s., ZS Brno a.s.

Katalog také prindsi predstaveni a posldni Ceské silniéni spolecnosti
(CSS). Cinnost této spoleénosti navazuje na svoji predchiidkyni zaloZenou uz
v 1. 1934 s cilem reprezentovat odborné a profesni zdjmy pracovnikl v oboru
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Obr. 1 Stinek CTuK na konferenci EUROCK 05

v této oblasti, které byly predstaveny v nékolika prispévcich, zahrnuji obtizné
predstavitelné objemy praci na desitkdch tisic kilometru silnic a Zelezni¢nich
trati, hydrotechnickych tunelt (projekt zdsobovédni vodou soustavou podzem-
nich pfivadéa z jizni do severni poloviny Ciny), podzemnich trati méstské
dopravy, podzemnich hydroelektrdrenskych staveb atd.

Celkem bylo prezentovano 118 referdtti. Z tuneldrské oblasti zaznélo nékolik
zajimavych prispévku, zabyvajicich se zkuSenostmi z raZeni tuneli (NRTM
i TBM) predevsim z Asie, ale také z Némecka (ddlni¢ni tunel Berg Bock v Duryn-
sku). Z nejvétsich realizovanych projekti byly predstaveny poznatky z realizace
projektu vodniho dila (tfi soutésky) na fece Jangtse. Za zminku rozhodné stoji
prispévek prof. Wittkeho, ktery se zabyva srovnénim potiebného geotechnického
pruzkumu pii pouZiti obou hlavnich technologii raZeni tuneli a zejména jeho
pozadavku z hlediska optimalniho nasazeni TBM.

Na konferenci vystoupil rovnéZ piedseda CTuK ing. Ivan Hrdina, ktery
pozdravil dc¢astniky a uvedl prezentaci prazského Svétového tuneldfského kon-
gresu v roce 2007, kterd byla prijata s neoby¢ejnym zdjmem.

Sou¢asti sympozia bylo zaseddni vrcholnych orgént ISRM (prezidium, plé-
num, evropskd a asijskd sekce, odborné komise). Plendrniho zasedan{ se zicast-
nili delegéti z 39 (z celkového poctu 42) ndrodnich skupin, ktefi zvolili novym
prezidentem ISRM pro obdobi 2007 — 2011 prof. Johna Hudsona (UK). Mistem
12. Mezindrodniho kongresu ISRM v roce 2011 se stal Peking.

Poletné a velmi kvalitné navstivend konference, k jejimuz zdaru prispéla
i vybornd prace poradatelti s profesiondlnim zdzemim hotelového kongresové-
ho centra, prokdzala vyznamnou roli geomechanického a geotechnického
vyzkumu pfi piipravé a realizaci podzemnich staveb. Nasazovani stdle vykon-
néjsich, ale i ndkladnéjSich technologii spolu se vzrustajici technickou ndro¢-
nosti podzemnich staveb kladou stdle vet$i poZadavky na rozvoj a védeckou
Groven geomechanickych a geotechnickych obora.

DOC. ING. RICHARD SNUPAREK, CSc., USTAV GEONIKY AV CR

aktivit je prace pobocek a odbornych sekef, které spolupracuji s vybory Své-
tové silni¢ni asociace AIPCR/PIARC.
V soucasnosti pracuje v ramci CSS osm odbornych sekci zaméfenych na
tyto profesni obory:
- Sprava a udrzba komunikaci
- Povrchové vlastnosti vozovek
- Cementobetonové vozovky
- Asfaltové vozovky
- Silni¢n{ a méstské dopravni inZzenyrstvi
- Silni¢n{ tunely
- Zemni préce, odvodnén{ a spodni stavba
- Telematika
Hlavni c¢asti edi¢ni Cinnosti je vyddvani Casopisu Silni¢ni obzor. Jde
0 jediny druh odborného Easopisu vyuzivaného odborniky jak v Ceské repub-
lice, tak na Slovensku.
Kontaktni tdaje:
Ceska silni¢ni spgleénost, Novotného lavka 5
116 68 Praha 1, Ceska republika
Prof. Ing. FrantiSek Lehovec, CSc., predseda
Ing. Tomas Vacek, tajemnik
Ing. Jiff Smolik, tajemnik sekce silni¢ni tunely
E-mail: info@silnicnispolecnost.cz
Na zavér je mozno konstatovat, Ze spoluprdce mezi nasi tuneldfskou aso-
ciaci a sekcemi Silni¢ni tunely a telematika je velmi dobra. VeSkeré vystupy
Cinnosti jsou koordinovany a také zaClenéni naSich ¢lent ITA/AITES do
prace sekci Silni¢ni spoleénosti a sekci PIARC je pfinosem a nadéji do
budoucna. ING. PETR VOZARIK, METROSTAYV a.s.




Toel
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA
TUNEL PANENSKA

Dne 4. 7. 2005 bylo na dédlniénim tunelu Panenskd s tydennim predsti-
hem dokonCeno definitivni osténi razené &ésti levého tubusu. V pravém
tubusu je vybetonovdno 1775 m z 1975 m, zbyvd tedy dokoncit posled-
nich 200 m osténi. Byla zahdjena betondZz hloubené &dsti severniho
portdlu, kde je vybudovédna prvni sekce o délce 12 m. Na jiznim portdlu
probihaji pripravné prace pro betondz hloubené ¢asti tunelu. V obou tune-

lovych troubdch jsou CiStény zdkladové spary a v nejblizSich dnech se
zahdji prace na podloZnich vrstvich vozovky.

TUNEL LIBOUCHEC

V ttery 28. 6. 2005 se uskutecnila slavnostni prordzka na tunelu Libou-
chec. Tento tunel je situovén jizné od tunelu Panenskd a je rovnéZz soucds-
t dseku stavby 807 Trmice — stdtni hranice na ddlnici DS. Do prostoru
severniho portdlu byla prorazena kalota levého dvoupruhového tubusu
o celkové délce 480 m. Ke stejnému datu byla vyraZena kalota pravého
tubusu v délce 388 m. Prordzka tohoto tunelu do severniho hloubeného
useku je pldnovana az v prubéhu srpna po dokonéeni vykopu vychodni
Casti portdlové jamy. Od poloviny Cervence bude zahdjena piiprava pro
betondz definitivniho osténi.

TUNEL KLIMKOVICE

Dadlni¢ni tunel Klimkovice celkové délky (raZzend i hloubend cdst)
1077 m (tubus A) a 1088 m (tubus B) je soucdsti ddlnice D47 v dseku
Bilovec — Ostrava-Rudnd. Prvni uzlovy termin byl splnén 1.4.2005 zahd-
jenim razby tubusu B (délka raZzené ¢dsti 875 m) z ostravského portdlu.
Dne 16. 5. 2005 zapocala protirazba téhoZ tunelového dila od brnénské-
ho portdlu. Od 1. 7. 2005 byly zahdjeny razici price v tubusu A (délka
razené Casti 865 m) od brnénského portdlu. Den pred timto datem
probéhlo slavnostni posvéceni sosky patronky tuneldia a haviia svaté
Barbory. Posvéceni vykonal sidelni biskup Ostravsko-opavské diecéze
msgr. FrantiSek Vaclav Lobkowicz.

NOVE SPOJENI - VITKOVSKE TUNELY

Na vychodnim portédlu pod vrchem Vitkov v Praze probéhlo dne 26. 5.
2005 slavnostni osazeni a posveéceni sosky sv. Barbory. Den poté byla
zahdjena razba kaloty jizntho Vitkovského Zelezni¢niho tunelu, ktery je
provadeén z hloubené stavebni jamy vychodniho portalu. Razba zapocala
po vytvoreni tpadni pristupové rampy do prostoru portdlu a vytéZeni
horniny na tdroven kaloty tunelu. Dne 13. 6. 2005 byla pak zahdjena
postupnd razba jadra, dotéZovéani spodni klenby a uzavirdni primarniho
osténi v priportdlovém duseku. V jizni tunelové troubé je vyraZeno
k 15.7.2005 jiz pres 100 m kaloty a 65 m plného profilu z celkové raze-
né délky 1251 m.

TUNEL HNEVKOV Il

Tunel Hnévkov II je situovdn na nové rekonstruované a z&asti prekld-
dané Zeleznicni trati Zdbieh — Krasikov v rdmci jeji optimalizace na ndvr-
hovou rychlost 160 km/hod. Dne 8. 7. 2005 bylo dokonceno definitivn{
osténi v celé délce razené Casti tunelu Hnévkov II. Od 9. 7. 2005 probi-
haji stavebni prace na poc¢vé tunelu. V soucasné dobé je vyhloubeno 90 %
stredni tunelové stoky a pripravuji se betondZe definitivniho osténi na

obou portalech.
TUNEL VALIK

Jizni tunelovd trouba byla doraZena 10. kvétna a severni pak ke konci
kvétna 2005. Do konce Cervna byla dokonéena betondz konstrukce hlou-
beného tunelu u prazského portdlu. V soucasné dobé probihd betondz
spodnich kleneb obou tunelovych trub. V proudu jsou provddény profila-
ce jizni tunelové trouby a montd7 bednéni pro betondz klenby. Predpoklad
zahdjeni betondZe bednicim vozem je v prvni poloviné mésice srpna.

TUNEL BREZNO

Razba tunelu byla obnovena 6. 6. 2005 pokraovdnim protiraZby
sekven¢ni metodou z Drouzkovického portdlu. K datu 12. 7. 2005 je pro-
tirazbou vyrazeno 93 m kaloty, 88 m jddra a 87 m dna s provedenou pro-
tiklenbou v primdrnim osténi ze stifkaného betonu. Pred portdlem byla
dokoncena konstrukce hloubeného tunelu v délce 249 m. V soucasné
dobé probihaji prace na provadéni vnéjsi izolace a na zdasypu vybetono-
vaného hloubeného tunelu. Od biezenského portdlu bylo dokonceno defi-
nitivni osténi v délce 760 m.

CZECH REPUBLIC
THE PANENSKA TUNNEL

The final lining in the mined part of the left tube of the Panenskd highway
tunnel was completed on 4 July 2005, one week ahead of schedule. In the right
tube, 1775 m out of 1975 m of the lining has been finished, the last 200 m sec-
tion remains. The casting of the cut and cover section at the North portal star-
ted, with the first 12 m long block completed. Preparatory work for casting of
the cut and cover section at the South portal is in progress. The foundation base
cleaning takes place in both tubes, to be followed by road-base structures soon.

THE LIBOUCHEC TUNNEL

A breakthrough ceremony took place on the Libouchec tunnel site on
Tuesday 28 June 2005. The tunnel is situated to the south of the Panenska
tunnel, and is also part of the construction lot 807 Trmice — State Border
of the D8 highway. The top heading of the 480 m long left tube of the
double-lane tunnel broke through the North portal. As of the same date,
a length of 388 m of excavation of the top heading of the right tube was
finished. This tube is scheduled to break through into the northern cut-and-
cover section during August, after completion of the excavation of the eas-
tern part of the pre-portal trench. Preparation for the casting of final lining
will start in the middle of July.

HE KLIMKOVICE TUNNEL

The highway tunnel Klimkovice consisting of the 1077 m long tube A and
1088 m long tube B (the mined and cut-and-cover sections together) is part
of the D47 highway section from Bilovec to Ostrava Rudnd. The first dead-
line was met on 1 April 2005 by starting the B-tube excavation (875 m long
mined section) from the Ostrava portal. The counter-heading of this tube
from the Brno portal started on 16 May 2005. Excavation of the B-tube (865
m long mined part) commenced on 1 July 2005. A day before this date,
Msgr. FrantiSek Lobkowicz, bishop of the Ostrava — Opava diocese, con-
secrated a statuette of Saint Barbara, patron of miners and tunnellers.

THE NEW CONECTION - THE VITKOV TUNNELS

Ceremonial installation of and consecration to Saint Barbara’s statuette
took place at the East portal under Vitkov hill on 26 May 2005. The excava-
tion of the southern Vitkov railway tunnel started the following day, from
a construction trench prepared at the East portal. The excavation started after
the development of an access ramp leading to the portal, and digging the
trench down to the top heading level. Sequential excavation of the core and
invert, and closing of the primary lining commenced on 13 June 2005. Over
100 m of top heading and 65 m of full profile excavation (out of the total
length of the mined part of 1251 m) have been completed by 15 June 2005.

THE HNEVKOV Il TUNNEL

The Hnévkov II tunnel is situated on the Zébieh — Krasikov railway
track, which is being reconstructed and partially relocated in the frame-
work of its optimisation for 160 km/h design speed. The final lining of the
Hnévkov II tunnel was completed along the whole length of the mined
section on 8 July 2005. The work on the tunnel invert continues from 9
July 2005. As of today, 90 % of the central tunnel drain ditch has been dug
and the casting of the final lining at both portals is under preparation.

THE VALIK TUNNEL

The southern and northern tunnel tube excavation was completed on 10
May and at the end of May respectively. The end of May saw the com-
pletion of casting of the tunnel structure in the cut-and-cover section at
the Prague portal. Casting of invert in both tunnel tubes is currently in
progress. The flow of operations consisting of re-profiling followed by
erection of formwork for the vault structure is underway. The casting ope-
rations are expected to start in the first half of August.

THE BREZNO TUNNEL

The tunnel excavation resumed on 6 June 2005 by the counter-heading
from the DrouZzkovice portal, using the sequential method. As of 12 July
2005, 93 m of top heading, 88 m of bench and 87 m of invert have been
excavated, supported by shotcrete primary lining. The casting of the 249
m long cut-and-cover section at the Drouzkovice portal has been comple-
ted. Currently executed works consist of application of external waterp-
roofing layers and backfilling of the completed structure. On the Bfezno
portal side, 760 m of the tunnel were provided with final lining.

THE BLANKA EXPLORATION GALLERY

The excavation of the 1720 m long southern branch, found in the split
end section of the exploration gallery, was completed on 5 July 2005. The
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PRUZKUMNA STOLA BLANKA

V koncovém rozvétveni pruzkumného dila byla ke dni 5. 7. 2005 dora-
Zena jizni prazkumnd Stola v celkové délce 1720 m. Konce razenych pru-
zkumnych $tol se nachdzeji pod parkem Stromovka v oblasti pod pivod-
ni Slechtovou restauraci. V severni prazkumné §tole zbyva ve ztizenych
geologickych podminkdch dorazit jesté 40 m. Celkova délka této Stoly od
mista jejtho odboceni ze soubézné jizni Stoly bude 220 m. Razba probihd
pod nadloZim zpevnénym injektazi cementovym mlékem. Posledni pro-
vadény 9 m dlouhy véjit injektovanych vrtu, ktery provadéla firma Zakla-
ddnf staveb, byl dokon&en 10.7.2005. V prubéhu raZeb pruazkumnych dél
jsou provadéna sledovdni hydrogeologickych poméra ovlivnénych
podchdzenou fekou Vltavou. Pfi razbé je prubézné vyhodnocovan geo-
technicky monitoring a dokladovdn komplexni geofyzikdln{ i geologicky
prizkum pro budouci automobilovy tunel Blanka.

SLOVENSKA REPUBLIKA
TUNEL SITINA

Po prerazeni zdpadnej tunelovej riry v marci tohto roku bola v méji
prerazend aj druhd, vychodnd tunelovd rira a ndsledne boli razi¢ské prace
v tuneli ukoncené. Vystavba tunela pokracovala budovanim definitivnych
tunelovych konStrukcii v oboch tunelovych rirach. Price na sekundér-
nom osten{ a chodnikoch s kdblovymi trasami by mali byt'ukonéené tak,
aby umoznili vybudovanie vozovky s cementobeténovym krytom v dru-
hej polovici tohto roku. V decembri 2005 je v planované odovzdanie sta-
vebnej pripravenosti pre montdz technologického vybavenia, ¢o je pred-
pokladom mozného uvedenia tunela do skdSobnej prevddzky uz kon-
com roku 2006. Dodédvatelom technologického vybavenia sa na zdklade
vyhodnotenia medzindrodnej sttaze stalo zdruzenie Taisei — Eltodo.

TUNEL BORIK

Ani opakovand siitaZ na zhotovitela prvého dseku dialnice D1 Mengu-
sovce — Janovce dlzky viac ako 8 km, ktorej sicastou je tunel Borik
s dvomi tunelovymi rdrami dlzky cca 1 km, nebola tspesnd. Na zdklade
rozhodnutia Uradu pre verejné obstaravanie ju bude musiet investor,
Narodnd dialni¢nd spolo¢nost;, a. s., zrusit'a opétovne vyhlasit. Dialni¢ny
usek D1 Mengusovce — Jdnovce je rozdeleny na tri Casti, Slovenska spra-
va ciest ako predchddzajuci obstardvatel vyhldsila v druhej polovici sep-
tembra 2004 tri tendre. V janudri podpisala zmluvy s dvoma konzorciami.
Druhy tsek z Velkej pri Poprade do Matejoviec bude stavat’ zdruZenie
Doprastav a Strabag. Price na tretom tseku z Matejoviec bude realizovat
konzorcium vedené firmou Stavby silnic a Zeleznic. Ndklady na cely dia-
Ihi¢ny dsek by mali podla Narodnej dialhi¢nej spolo¢nosti predstavovat’
priblizne 10 mld. Sk. Tidto sumu by mali na 74 % pokryvat financie
z Kohézneho fondu, 30 mil. eur poskytne Eurépska investicnd banka
a zostatok bude smerovat'zo Stitneho rozpoctu.

TUNEL BRANISKO

Dialni¢ny tunel Branisko, ktory bol v predoslom roku uvedeny do trva-
lej prevadzky, sa stal nositelom ceny Slovenského zvizu stavebnych inZi-
nierov INZINIERSKA STAVBA ROKA 2005 v 11. ro¢niku celoititne;
verejnej neanonymne;j sttaze Stavba roka 2005, vyhlasovanej ZdruZenim
pre rozvoj slovenskej architektiry a stavebnictva — ABF Slovakia. Tunel
Branisko zdroven ziskal jednu z piatich nominécii na hlavnid cenu, titul
Stavba roka 2005 (druhi najvyssiu cenu sitaze). Sldvnostného odovzda-
vania cien dna 23. 6. 2005 v PreSove sa zd¢astnili zdstupcovia Nérodnej
dialni¢nej spolocnosti, a. s., Vodohospoddrskej vystavby, §. p., a Terra-
projektu, a. s.
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Toel

ends of the mined exploration gallery’s branches are found under
Stromovka Park, in the area of original Slechta’s restaurant. About 40
m of excavation remain to be carried out on the northern branch, in dete-
riorated geological conditions. The total length of this branch, parallel
with the southern gallery, measured from the branching point, will
amount to 220 m. The galleries are driven under overburden improved by
injecting fluid cement. The sub-contractor Zakldddni Staveb a. s. carried
out the grouting of the last borehole in the series of 9 m-long fans of injec-
tion boreholes on 10 July 2005. The excavation of the exploration works
is monitored in terms of hydrological conditions affected by the Vltava
River, which is passed under. Also the results of geotechnical monitoring
are assessed continually in the course of the excavation, and the compre-
hensive geophysical and geological exploration is documented for the
purpose of the future vehicular tunnel Blanka construction.

SLOVAK REPUBLIC
THE SITINA TUNNEL

The second tunnel tube broke through in May, following the breakt-
hrough of the western tunnel tube (March 2005). The tunnel construction
continued by erecting the final tunnel structures in both tunnel tubes. The
work on the secondary lining and walkways with cable ducts should be
completed so that the roadway with concrete pavement can be built in the
second half of 2005. Civil works should be completed in December 2005,
to allow installation of equipment, which is the condition for the tunnel to
be handed over for trial running at the end of 2006. The contract for the
installation of equipment was awarded to Taisei — Eltodo group of com-
panies, based on results of an international tender.

THE BORIK TUNNEL

The repeated tender called for the first section of the 8 km long D1
highway section from Mengusovce to Janovce, which contains the Borik
tunnel (two 1km long tubes) again failed. The authority overseeing pub-
lic contracting (Urad pre verejné obstardvanie) decided that the owner,
Narodna Dialni¢na Spolo¢nost a. s., had to cancel the tender and publish
a new tendering notice. The Mengusovce — Janovce section of the D1
highway is divided into three parts; the Slovakian Road Authority, which
called the previous tender, called three tender proceedings in the second
half of September 2004. They signed contracts with two consortiums. The
second section from Velkd pri Poprade to Matejovce will be built by
a group of companies consisting of Doprastav and Strabag. The third sec-
tion from Matejovce will be carried out by a consortium led by Stavby
Silnic a Zeleznic. According to the Narodna Diali¢nd Spolo¢nost’a. s., the
cost of the entire highway section should amount approximately to SK 10
billion. This sum should be covered by the Cohesion Fund (74 %), the
European Investment Bank (30M euro), and the remaining part by the
state budget.

THE BRANISKO TUNNEL

The Branisko highway tunnel, which was inaugurated last year, recei-
ved The Slovakian Association of Civil Engineers’s  CIVIL
ENGINEERING STRUCTURE OF THE YEAR 2005 award, in the fra-
mework of the 11th annual nationwide non-anonymous competition The
Building of the Year 2005 organised by the Slovakian Architecture and
Civil Engineering Development Association — ABF Slovakia. The Bra-
nisko tunnel also won one of nominations for the main prize, the title The
Building of the Year 2005 (the second highest price of the competition).
Participants of the award ceremony held on 23 June 2005 were represen-
tatives of Narodnd Dialni¢nd Spolo¢nost’a.s., Vodohospodarska Vystavba
§. p. and Terraprojekt a. s. ) 5
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ZPRAVODAJSTVI CESKEHO TUNELARSKEHO KOMITETU ITA/AITES
CZECH TUNNELLING COMMITTEE ITA/AITES REPORT

INFORMACE O PRUBEHU VALNEHO SHROMAZDENI
CTuK ITA/AITES, KTERE SE KONALO 8. CERVNA 2005

INFORMATION ON THE CTUC ITA/AITES GENERAL
MEETING HELD ON 8 JUNE 2005

The CTuC ITA/AITES secretary informs the Tunel magazine readers
about the CTuC General Meetin held in Prague on 8 June 2005. It was
attended by 33 delegates from 46 member organisations, 15 individual
members, 1 honorary member, and 8 guests. The meeting dealings were
very well organised by SMP CZ, a. s.

The main topics the General Meeting discussed were the 2004 Actions
Review and the 2004 Income Statement, the 2005 Budget, the state of the
WTC 2007 preparation, and approval to the composition of the new
Editorial Board of Tunel magazine for the 2005 — 2008 term.

As a part of the SMP CZ, a. s. presentation, also Vinci
Construction Grands Projets was introduced by Mr Hugues Pialoux.

The afternoon was devoted to a seminary on lessons learnt at the WTC

2005 in Istanbul.




Toel

Valné shromazdéni se konalo v Masarykové koleji CVUT v Thakurové ul.
v Praze-Dejvicich a zicastnilo se 33 delegdtl ze 46 Clenskych organizaci,
15 individuélnich ¢lend, 1 Eestny ¢len a 8 hostu. Prubéh jedndni velmi dobre
zabezpeCila firma SMP CZ, a. s.
Hlavnimi body jednani byly:
1) Zpréva predsedy CTuK ITA/AITES o &innosti komitétu od podzim-
niho pracovniho zaseddni, které se konalo 18. 11. 2004 v Brné,
a o vysledcich GA a WTC 2005 v Istanbulu.
2) Zprava o pripravé WTC 2007 véetné souvisejicich aktivit na WTC
2005 v Istanbulu (Ing. Romancov).
3) Zpréva o jednani WG a Einnosti pracovnich skupin CTuK (Ing. Siko-
ra).
4) Priprava podzemni geotechnické laboratore Mokrsko (prof. Pacov-
sky).
5) Zprava o vysledku hospodareni za rok 2004 a schvéleni rozpo¢tu na
rok 2005 (Ing. Micunek).
6) Zprava o stavu ¢lenské zdkladny a platebn{ kdzni (Ing. Novotny).

Od 1. 1.2005 do 1. 6. 2005 pristoupily organizace:
— Degussa Stavebni hmoty, s. 1. 0.
— D2 Consult Prague, s. 1. 0.
— Promat, s. 1. 0.

Stav c¢lenskych organizaci je 46.

Pokud jde o jednotlivee, je k 1. 6. 2005 evidovéno 48 ¢lenu — jednotliv-

ct, z toho 11 studentti nebo dichodca.

7) Informace o stavu webovych stranek (Ing. Marik).

8) Edi¢ni zdméry Casopisu Tunel (Prof. Bartdk).

9) Schvéleni sloZeni redak¢&ni rady na rok 2005 az 2008 (Ing. Novotny).

10) Projedndni zmény stanov CTuK (Ing. Novotny).

11) Informace o ¢innosti piibuznych spole¢nosti (Prof. Aldorf).

12) Kontrola minulého zapisu (Ing. Novotny).

13) Rizné.

14) Projedndnf a schvéleni usneseni z VS (Ing. Novotny).

Po diskusi byl ndvrh usneseni upraven vypusténim bodu o zruseni InZe-

nyrské kancelare a doplnénim bodu o knihovné CTuK.

Pak pritomni delegéti jednomysIné schvalili usneseni v ndsledujicim

znéni:

Usneseni z valného shromézdéni CTuK ITA/AITES, které se konalo

dne 8. Cervna 2005:

1. Valné shromazdéni souhlasi se zpravou predsedy CTuK a s postupem
pripravy WTC 2007. Znovu vyzyva ¢leny k aktivni dasti na pripra-
vé a konkrétni podpore tspésného prubéhu kongresu.

2.Valné shromézdéni vzalo na védomi zamér predsednictva ziskat
od ¢lenskych organizaci v roce 2006 mimorddny prispévek na pripra-
vu WTC 2007 ve vysi 50 % fakturace za poradenskou ¢innost. Tato

INFORMACE O STAVU PRIPRAVY
AITES-ITA WTC 2007 V PRAZE

INFORMATION ON THE STATE OF PREPARATION
OF THE WTC 2007 IN PRAGUE

Mr Georgij Romancov, chairman of the WTC 2007 Organisational
Committee, informs about the course of the preparation. He points out the
new format of the congress website (www.wtc2007.org) and the 2nd cir-
cular being prepared to be issued at the end of September 2005.

V minulém &isle Gasopisu (2/2005) jsem upozornoval, Ze mezi redakéni
uzdvérkou a expedici Casopisu je relativné dlouhd doba, takZe nekteré
zpravy pri nejlepsi vuli nemohou byt aktudlni. Tento stav se bude pravi-
delné opakovat, avsak jeho negativni dopady budou nastésti zmirnovany
skute¢nosti, Ze jsou jiz zprovoznény nové webové stranky jak kongresové,
tak CTuK, na adresich www.wtc2007.org a www.ita-aites.cz. Cerstvé
zpravy proto hledejte tam, v asopisu TUNEL budou napfist¢ umistovany
pouze obecné informace dlouhodobéjsiho charakteru.

Ve vztahu k pripravé naseho kongresu byl nejduleZitéjsi udélosti minu-
Iych tydnu ITA-AITES World Tunnel Congress v Istanbulu. Nebudu se
zminovat o jeho odborné ani spoleCenské néplni, o téch se muZete infor-
movat na jinych mistech. Snazili jsme se ziskat co nejvice organizacnich
poznatku a zejména si v§imat vieho, co pro nds muZe byt poucenim, nebo
naopak odstraSujicim piikladem. Na zaseddni organizatniho vyboru
a spravy sdruzeni, které se konalo brzy po navratu, hned 20. kvétna, byly
vSechny tyto aspekty podrobné diskutovdny a véfme, Ze se s kladnym
vysledkem promitnou do dalitho prubéhu pifpravy. Tyka se to zejména
nékterych organizaénich opatfeni, prezenci polinaje, pres zahajovaci
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zélezitost bude projedndna na podzimnim pracovnim shromazdéni
CTuK v leto§nim roce.

3. Valné shromédzdéni vzalo na védomi zpravu Ing. Sikory o pracovnich
skupindch. Clenové CTuK podpoii i¢ast svych uréenych pracovniki
na praci WG.

4. Valné shromédzdéni schvaluje vysledek hospodafeni za rok 2004
a rozpocet na rok 2005.

5. Valné shromdzdéni souhlasi se zprdvou o stavu Clenské zakladny
a o platebni kdzni ¢lend. Souhlasi s odpisem faktur v celkové vysi
62 250 K&. Povéfuje soucasné predsednictvo, aby u individudlnich
Clenu ukondilo jejich Elenstvi, pokud pres urgence nezaplati prispé-
vek na prislusny rok.

6. Valné shromdzdéni schvaluje redakéni radu ¢asopisu Tunel na roky
2005 az 2008 ve slozeni, které predlozilo predsednictvo.

7. Valné shromdzdéni schvaluje zménu stanov v predlozeném znéni.

8. Valné shromazdéni uklada, aby knihovna v sekretaridtu CTuK fungo-
vala v projednaném rozsahu.

Nasledovala prezentace firem SMP CZ, a. s, a VINCI
CONSTRUCTION GRANDS PROJETS, které uvedl generdlni feditel
SMP Construction Ing. Martin Doksansky. Ve svém vystoupeni charakte-
rizoval zaméfent firem a aktivity v podzemnim stavitelstvi.

Prezentaci firmy VINCI CONSTRUCTION GRANDS PROJETS pred-
nesl Ing. Hugues Pialoux. V dvodu krétce sezndmil pritomné s Cinnosti
firmy VC GRANDS PROJETS v oblasti podzemnich staveb. Firma reali-
zovala celkem 667 km tuneld, z toho 436 km pri pouZitf razicich stroji
TBM a 231 km jinymi metodami.

Prezentaci firmy SMP CZ, a. s., prednesl stav. Josef Holba, feditel divize 03
Podzemn{ a inZenyrské stavby. Informoval o ticasti SMP CZ, a. s., na stavbach
hloubeného tunelu v Jihlave, na tunelu Mrazovka a tunelech trasy IVC1 metra
v Praze a na dédlni¢nim tunelu Panenska.

Odpoledne probéhl kratky semindr o poznatcich z WTC 2005 v Istanbulu.

Na zacdtku vystoupil Ing. Sikora, ktery semindr fidil, a stru¢né pfipo-
menul ndpln jednani kongresu a pracovnich skupin (WG).

Pritomni vyslechli vesmés velmi zajimavé piispévky ndsledujicich
Glastnika kongresu — Ing. Butovile, prof. Bartdka, Ing. Hasika, Ing.
P. Poldka, doc. Rozsypala, doc. Stuparka, Ing. Tvardka, Ing. Valese,
doc. Vojtasika a Ing. Vozarika.

S politovanim je nutné konstatovat, Ze pocet pfitomnych se oproti dopo-
ledni prudce snizil — referujici si prakticky vyménovali poznatky pouze
mezi sebou navzajem. Svéd¢i to o dosud nedostate¢ném zdjmu o zajisténi co
nejvyssi odborné drovné kongresu WTC 2007 ze strany naSich organizaci.

(Podrobny zdznam z pribéhu valného shromdzdeni ctendri
najdou na webové strance CTuK: www.ita-aites.cz)

ceremonidl, organizaci exkurzi, stravovéni, spole¢enskych podniki a zdve-
re¢nym banketem konce. Potvrdila se stard zkuSenost, Ze to, co ,,funguje,
probihd bez pov§imnuti, zatimco kazdd malickost, kterd ,,zaskiipe”, poka-
z{ celkovy dojem daleko vice, nezli odpovidd jejimu vyznamu. Z toho
plyne jediné ponauceni — ,,fungovat® musi vSechno!

Koncem zdii, tedy nedlouho pred tim, neZz dostanete tento vytisk
TUNELU do rukou, bude pfipraveno a vyti§téno 2. ozndmeni (cirkuldr)
WTC 2007. V tomto obdobi piipravy je to jeden z nejdileZitéjsich doku-
mentu, jelikoZ by mél obsahovat prakticky vSechny zdsadni informace,
které potencidlni dcastnici potrebuji obdrzet. Kromé specifikace hlavnich
témat jedndni a vyzvy k zaslani abstrakti bude obsahovat i piihlasku
k ucasti a dalsi formulére, které musi mit pfimou vazbu na on-line servis
webovych strének, relativné podrobny Casovy program (ktery by se jiz
nemél ménit!), informace o spolecenskych i odbornych akcich, o moznos-
tech ubytovani a v neposledni fadé i cenové relace.

Do zahdjeni kongresu sice zbyvé jeSt€ asi 20 mésicu, ale to je doba
velmi kratkd na zajisténi vSech ndleZitosti a souCasné velmi vzddlend pro
ziskdn{ zédvaznych prisliba cizich organizaci a cen jejich sluzeb. Clenové
veédecké rady a organizacniho vyboru tudiZ pri jeho tvorbé budou muset
prokdzat nejen svoji odbornou erudici, ale i spravny cit pro odhad.

Dne 1. Cervna zasedala rada Sdruzeni WTC 2007. Bylo to prvni zasedd-
leni dosavadniho postupu piipravy, predeviim pak pldnu finanénich toka.
Kongres md vedle své odborné a spolecenské népln¢ také stranku ekono-
mickou, kterou v Z4dném piipadé nelze podcenit. Uloha rady SdruZent,
v niZ zasedaji vedouci predstavitelé firem, rozhodujicim zpusobem se podi-
lejicich na predfinancovéni kongresu, je z tohoto hlediska naprosto kli¢ova.

ING. GEORGI] ROMANCOY, CSc.,
predseda OV WTC 2007 Praha



