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Objem stavebnich praci
raZené objekty 217 202 m? (vyrubany prostor)
hloubené objekty 161 077 m* (obestavény prostor)

uvob

Piispévek Ceské republiky pro rozvoj vnitrostitni i evropské
infrastruktury je realizace ddlnice D47 v useku Lipnik nad Becvou
— statn{ hranice CR a Polska o celkové délce 80,156 km. Délnice je
poeticky nazvdna Via Moravica. Vnitrostdtni vyznam spociva v pro-
pojeni ostravsko-karvinské aglomerace s Brnem a siti ddlni¢nich
a rychlostnich komunikaci Ceské republiky. V Polsku na dalnici
D47 bude navazovat pldnovand ddlnice Al Katowice — Gdansk.
V budoucnu se stane soucdsti transevropské magistraly (TEM) pro-
pojujici skandindvské zemé s jizni Evropou a s vychodnim Stfedo-
mofim. Délnice je navrZena jako vysoce kapacitni pro roéni pru-
mérnou denn{ intenzitu az 40 tisic vozidel. V prevazné délce je tvo-
fena smérové rozdélenou Ctyfpruhovou komunikaci kategorie
D28,0/120. Vedeni trasy ddlnice je vysledkem fady studijnich praci.
Trasa zohlednuje pozadavky ekologie a ochrany pfirody v dzemi.
Priblizné 5 km pred Ostravou se trasa délnice pribliZzuje k ldzenské-
mu zafizeni ,,Sanatoria Klimkovice“. Zde v t€sném sousedstvi mezi
obcemi Klimkovice a Hylov prorazi protdhlé pri¢né ndvrsi, po kte-
rém je vedena jedind pristupovd komunikace k sanatoriim. Zde je
komunikace dédlnice vedena v tunelech.

TECHNICKE RESENI

Konfigurace terénu a vedeni trasy preduréuji tunely jako nizko-
nadlozni. Maximalni mocnost nadloZ{ nad tunely je priblizn¢ 31 m.
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Prujezdny profil 9,5 4,8 m
Clearance profile 9,5 4,8 m

BRNO BRNO

Vyska vyrubu 10,340 m
Excavation height 10,340 m

i Plocha vyrubu 14,38 m?
Excavation proFlle area 14,38 m?
Sifka v§rubu 13,572 m
Excavation width 13,572 m

Obr. 1 Vzorovy pricny fez raZenym tunelem
Fig. 1 Typical cross section through the mined tunnel

User the Directorate of Roads and Motorways of the CR

Construction period 2004 — 2008

Works volumes  mined structures 217,202 m3 (excavated space)
cut-and-cover structures 161,077 m3 (wall-in space)

INTRODUCTION

The Czech Republic’s contribution to the development of both the
inland transport and European infrastructure is the construction of the
80.156km long section of the D47 highway from Lipnik nad Bec¢vou
to the state border between the CR and Poland. The highway is poeti-
cally called the Via Moravica. Internally, this highway section is
important because it will link the Ostrava-Karvind agglomeration with
Brno and the network of highways and expressways in the Czech
Republic. The planned A1 highway Katowice-Gdansk will link to the
D47 highway in Poland. In the future it will become part of the Trans-
European Artery (TEA) connecting the Scandinavian countries with
southern Europe and the eastern Mediterranean. The highway is desig-
ned as a high-capacity facility, for an annual average intensity up to
40 thousand vehicles per day. The best part of its length will be
a 4-lane dual carriageway, category D28.0/120. The highway align-
ment is the result of numerous studies. The route allows for environ-
mental and nature protection requirements existing in the given regi-
on. Approximately Skm before Ostrava, the highway route runs near
a health-resort facility “Sanatoria Klimkovice”. In this location, it pas-
ses through an oblong transversal hill with the only access road to the
Sanatoria running on its surface. The highway route is placed in
tunnels there.

TECHNICAL SOLUTION

The terrain configuration and the tunnel alignment predetermine the
tunnels to have a low cover. The maximum thickness of the tunnel
cover is approximately of 31m. At the pre-portal sections, the highway
passes to bridges spanning over adjacent valleys and watercourses.

There are two separate tunnel tubes, approximately parallel, built for
the highway. The tunnel tube A for the traffic flow direction toward
Ostrava is 1,076.82m long. The tunnel tube B, in the direction toward
Brno, is 1,088.09m long. The spatial parameters of both tubes are iden-
tical, i.e. the parameters of a C-category uni-directional double-lane
tunnel. Structural design of the tubes is also identical. The roadway in
the tunnel has a one-way transversal incline; the width between kerbs
is of 9.50m. The clearance height above the roadway is of 4.80m.
Walkways on either side of the tunnel tubes are minimally 1.10m wide.
The horizontal clearance of the tunnel is of 12.204m. The average
excavated cross-section (including overbreaks necessary due to the
technology) amounts to 120,17m?. Emergency laybys 40m long are
provided in the middle of each tube length, on the right side (viewed
in the direction of traffic). The tunnel cross-section is widened by
2.25m in those locations, giving the roadway width between kerbs of
11.75m. The clearance width of this profile is of 14.454m; the excava-
ted cross-section area (including overbreaks necessary due to the tech-
nology) amounts to 156.48m?. Smaller part of the tunnels is built using
the cut-and-cover method; longer sections are driven through the rock
massif. The cut and cover sections of the tunnel A are 165.83m and
46.17m long on the Brno and Ostrava side, respectively. The mined
section is 864.82m long. The sections of the tunnel B built using the
cut and cover method are 166.40m and 46.40m long on the Brno and
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Obr. 2 Portdlovd cdst tunelu Klimkovice

Fig. 2 The portal portion of the Klimkovice tunnel

V predportéli tunelt na obou stranich prechdzi ddlnice na mosty
pres prilehla ddoli s vodoteCemi.

Pro délnici jsou vybudovdny dva samostatné, priblizné soubézné
tunelové tubusy. Tunel A, v dopravnim sméru do Ostravy, md délku
1 076,82 m. Tunel B, v dopravnim sméru k Brnu, md délku
1 088,09 m. Oba tunely maji stejné prostorové parametry jedno-
smérného dvoupruhového tunelu kategorie T9,5 a stejné konstruké-
ni uspordddni. Dopravni pds v tunelu m4 jednostranny pfi¢ny sklon
a $itku mezi obrubniky 9,50 m. Vyska prijezdného prufezu nad
vozovkou je 4,80 m. Oboustranné chodniky maji §itku minimal-
né 1,10 m. Tunel md svétlou §itku 12,204 m a jeho pramérnd vyru-
bovd plocha (vetné zapoditani technologicky nutného nadvylomu)
je 120,17 m?. V polovindch tunelovych délek je ve sméru jizdy situ-
ovan pravostranny nouzovy zaliv o délce 40,00 m. Tunelovy profil
je zde rozsifen o 2,25 m na $itku vozovky mezi obrubniky 11,75 m.
Svétld $itka tohoto profilu je 14,454 m a vyrubova plocha (véetné
technologicky nutného nadvylomu) je 156,48 m?. Tunely jsou
z men§i ¢dsti stavény jako hloubené v otevienych stavebnich jamach
s naslednym presypanim, v del§ich ¢dstech jako razené ve skalnim
masivu. Tunel A je hloubeny v délce 165,83 m na brnénské strané
a 46,17 m na ostravské strané; raZzeny dsek ma délku 864,82 m.
Tunel B je hloubeny v délce 166,40 m na brnénské strané
a 46,40 m na ostravské strané; razeny dsek ma délku 875,28 m.
V razenych dsecich jsou konstrukce osténi tuneli dvoupldstové,
s uzavienou mezilehlou hydroizolaci. Primérn{ osténf je realizovdno
ze stiikaného betonu jakosti C20/25, vyztuZeného sit€émi a svarova-
nymi pfihradovymi oblouky z betondrské oceli. M4 konstrukéni
tloustku minimdlné 240 cm. Pro zvyseni stability vyrubu v daném
geologickém prostiedi je primdrni osténi doplnéno horninovymi
svorniky. Sekunddrni ostén{ je Zelezobetonové, z betonu C30/37,
o minimdlni tloustce 350 mm (v zdklenku), s masivni protiklenbou
o maximalni tloustce 1204 mm. Sekundarni osténi je déleno dle
betondZe na dil¢i tunelové pdsy o dilatacni délce 12,00 m. Mezile-
hl4d hydroizolace je tlakova z plastové folie bez rubovych drendZi.
V hloubenych tdsecich jsou Zelezobetonové konstrukce tunelovych
kleneb rovnéz rozdéleny na tunelové pasy o dilataénich délkach
12,0 m. Klenby jsou v patich uloZeny na podélné zdkladové pdsy
s kloubovym spojenim v misté dilata¢nich spdr kleneb. Hydroizola-
ce hloubenych konstrukef je deStnikové z plastové svarfované folie,
s ochrannou vrstvou a s rubovymi patnimu drendzemi.

TECHNOLOGICKE VYBAVENI

Technologické vybaveni, fizeni dopravy a bezpecnost provozu
v tunelech je realizovano dle nejmodernéjsich evropskych standar-
du. Vétrani je podélné, uméle zajidt€no reverznimi proudovymi ven-
tilatory. Pro pfipad havérie a poZaru je kazd4 tunelové roura opatie-
na Sesti nikami se skfinémi SOS a poZzarnimi hydranty. Oba tunely
jsou opatfeny dnikovymi cestami vzdjemnym propojenim péti tune-
lovymi spojkami. Pro pfipad poZdru byla odolnost betonu ostén{
zvySena prisadou rozptylenych polypropylenovych vldken, navic
zvySeni odolnosti proti chloridim bylo u nejvice exponovanych

TuHel

Ostrava side, respectively; the mined section is 864.82m long. A two-
pass lining with closed intermediate waterproofing design is used in
the mined sections. The primary lining is from C20/25 sprayed conc-
rete reinforced with mesh and lattice girders welded from rebars. The
minimum thickness of the primary lining is of 240mm. Rock bolts are
added to the primary lining to enhance stability of the excavation in the
given geological environment. The secondary lining is from C30/37
reinforced concrete. It is minimally 350mm thick (in the crown of the
arch), with a massive invert with a maximum thickness of 1204mm.
The secondary lining is divided according to the casting procedures
into 12m long expansion blocks. The vaults are supported with longi-
tudinal foundation strips, with articulated joints at the expansion joints
of the vaults. The waterproofing system of the cut and cover structures
is of the umbrella type, consisting of plastics welded membrane with
a protective layer, and outer toe drains.

TECHNOLOGICAL EQUIPMENT

Technological equipment and systems of traffic control and operati-
onal safety in the tunnels are designed in compliance with state-of-the-
art European standards. The transversal ventilation system is artificial-
ly provided by reversible jet fans. As a fire protection measure, fire
resistance of the concrete lining was increased by adding polypropyle-
ne fibres to the mix. In addition, chloride resistance was enhanced in
the most exposed sections by means of concrete aeration. Part of the
tunnels are relatively small service structures on the surface, i.e. an
automatic sub-switchboard of the control system, and HV and LV
distribution substation with a transformer station. The spaces in front
of both portals allow the traffic to be switched to bi-directional opera-
tion in each tunnel tube in the case of planned repairs and maintenan-
ce or an accident in the tunnel.

GEOLOGY

The open cuts for the cut-and-cover sections, and above all the exca-
vation of both tunnels, were carried out in a variable geological envi-
ronment of rock and semi-rock flysch-type series of measures with
various degree of weathering, i.e. sedimentary rock where the most
frequent petrographic type are pelitic sediments — claystone and silt-
stone, mostly thinly laminated. In some layers they are massive, local-
ly even with spherical separation. Frequent are also series of measures
consisting of sandstones and greywacke. Proportions of individual
rock types are locally variable. Fissure water was encountered locally
in mined tunnel sections. Its circulation is connected with water supp-
ly from superficial deposits.

CONSTRUCTION PROCEDURE

The tunnels were driven using an observational method based on the
principle of the New Austrian Tunnelling Method. A horizontal division
of the face was used. The tunnel excavation technology was accommo-
dated to the properties of the geological environment. The cross-section

Obr. 3 Celba kaloty tunelu Klimkovice
Fig. 3 The Klimkovice tunnel — the top heading face
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Obr. 4 Prordzka klimkovického tunelu
Fig. 4 Klimkovice tunnel breaktrough

tseku feSeno provzdu$nénim betont. Souédsti tunelu jsou relativné
velmi malé servisni povrchové objekty — automatickd podistredna
fidiciho systému a rozvodna VN a NN s trafostanici. Rozvodna je
propojena podzemnim kolektorem a svislou kolektorovou Sachtou
s vnitfnimi prostorami tunelu. Prostory pred obéma portdly umoz-
nuji nouzove prevést dopravu na obousmeérny provoz v kazdé tune-
lové roufe v piipadé pldnovanych oprav a ddrzby nebo havdrie
v tunelu.

GEOLOGIE

Stavebni jamy hloubenych dseku a predevsim razby obou tunelt
byly realizovany v proménlivém geologickém prostredi ve skalnich
az poloskalnich hornindch flySovych souvrstvi, s riznym stupném
navétrani. Jsou to sedimentdrni horniny, kde nej¢astéj$im petrogra-
fickym typem jsou pelitické sedimenty — jilovce a prachovce, pre-
vazné tence destiCkovité vrstevnaté. V nékterych polohdch jsou
masivni, misty i se sférickou odlu¢nosti. Casté jsou rovné? souvrst-
vi budovand piskovci a drobami. Zastoupenfi jednotlivych typt hor-
nin je lokdlné variabilni. V raZenych tunelovych tdsecich se misty
vyskytovala puklinovd podzemni voda. Jeji cirkulace je vdzana na
dotaci z pokryvnych vrstev.

POSTUP VYSTAVBY

Razba tuneld probihala s uplatnénim observa¢ni metody na prin-
cipu Nové rakouské tunelovaci metody. Pro tunelovy vyrub bylo
pouZito horizontdlni ¢lenéni. Technologie razby tunelt byla pfizpu-
sobena vlastnostem horninového prostfedi. V predstihu razend kalo-
ta méla plochu pfiblizné 65 m?. Za ni s potiebnym technologickym
odstupem ndsledovala dobirka dolni ldvky — jddra. Po prordZce
tunelu bylo provedeno zacistén{ a zaji§téni tunelové po&vy. Primar-
ni osténi bylo realizovdno technologii mokrého stffkaného betonu.
Pavodni prognéza inZenyrskogeologického prizkumu o vyskytu
poruchovych pasem s velmi nepfiznivymi geotechnickymi paramet-
ry se nenaplnila. Stabilita horniny byla pfiznivad. Rozpojovéni hor-
niny bylo provddéno trhavinami. Doé&isténi vyrubu se realizovalo
mechanicky tunelbagry. Vliv seismiky od trhacich praci podléhal
prisné kontrole obyvatel budov v blizkém okoli tunelu. Omezen{
ucinku seismiky ovlivnilo denni postupy razby kaloty, které v pru-
méru &inily asi 3,50 m. Pramérné konvergence vyrubovych profilt
byly 5 az 15 mm, maximédlné 25 mm. Nejvetsi poklesy na povrchu
byly 5 az 32 mm. V mistech nejvétsiho nadloZi se poklesovd kotli-
na v podstaté nevytvorila. Jedingm negativnim G¢inkem razby tune-
1u je vyrazné sniZeni hladiny podzemni vody v okoli tunelu. Uplat-
neéné technické opatfeni s tlakovou uzavienou hydroizolaci v raze-
nych tunelovych tsecich ma za cil vratit hladinu podzemni vody do
puvodniho stavu.

ING. JIRI PECHMAN, AMBERG ENGINEERING BRNO, a. s.,

e-mail: jpechman@amberg.cz
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Obr. 6 Stredni Cdst vychodni tunelové trouby
Fig. 6 Central part of eastern tunnel tube

of the top heading, which was driven in advance, was approximately
65m”. The bench excavation followed at a technologically necessary
distance. Once the tunnels broke through, the invert excavation and
support were completed. The primary lining was executed using spray-
ed concrete technology. The occurrence of weakness zones with very
unfavourable geotechnical parameters originally predicted by the engi-
neering geological investigation did not materialise. The rock mass
stability was favourable. It allowed blasting. Mechanical tunnel exca-
vators were used for trimming the perimeter of the tunnel profile. The
impact of blasting vibration on buildings in close vicinity was under
stringent control by the residents. The restriction on the blasting vibra-
tion affected the top heading advance rates, which amounted to
3.50m per day on average. Average convergences of the excavated
profiles varied from 5 to 15mm, maximally 25mm. The largest surfa-
ce settlement values amounted to 5 to 32mm. The settlement trough
virtually did not develop in the deepest cover locations. The only nega-
tive effect of the tunnel excavation is a significant lowering of the
groundwater table along the tunnel. The purpose of a technical measu-
re consisting of a closed pressure-resisting waterproofing system is to

restore the water table level to the original condition.
ING. JIRI PECHMAN, AMBERG ENGINEERING BRNO, a. s.,
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