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DﬂI.NIC[II' TUNEL POHURKA NA OBCHVATU CESKYCH BUDEJOVIC
POHURKA HIGHWAY TUNNEL ON THE CESKE BUDEJOVICE
RING ROAD

TOMAS URBANEK, DAVID BENDA, DAVID KRASA

ABSTRAKT

Cldnek se vénuje projektové piipravé a édstecné i realizaci hloubeného ddlnicniho tunelu Pohiirka z pohledu projektanta. Popisuje vyvoj
a zmény ndvrhu technického reSeni tunelu v ndvaznosti na postupné dopliiované informace geotechnického priizkumu. V zdvéru je uvedena

informace o ndvrhu technologického vybaveni tunelu.

ABSTRACT

The article deals with the project preparation and partly with the construction of the Pohiirka cut and cover motorway tunnel from the

designer’s perspective. It describes the development and changes in the tunnel technical design in connection with the gradually obtaining
geotechnical investigation information. In the end of the paper information on the design of the technological tunnel equipment is provided.

uvob

V sobotu 21. prosince 2024 byl uveden do provozu novy
tisek dalnice D3 Usilné — Kaplice nadrazi. Délku ma vice neZ
28 km a sestavd ze i navazujicich staveb Usilné—Hod&jovi-
ce (7,2 km), Hod€jovice—Ttebonin (12,5 km) a Trebonin—Kaplice
nadrazi (8,5 km). DileZitym poslanim celého useku je dalnic¢ni
obchvat stotisicového krajského mésta Ceské Budgjovice, s odklo-
nénim tranzitu exponovaného silni¢niho tahu Praha-Linz.

Daélni¢ni tunel Pohirka je soucasti prvniho jmenovaného tseku
D3 Usilné-Hodg&jovice (km 131,240—138,450). Tunel se nachazi
jihovychodné od centra Ceskych Budgjovic v blizkosti mé&stské
¢asti Suché Vrbné a obci Dobra Voda a Stara Pohurka (obr. 1).
Celkova délka tunelu je 999,5 m, proveden je jako mélce hloube-
ny v pomérné plochém nezastavéném tzemi t€sné pod korytem
Dobrovodského potoka. Jedna se o Zelezobetonovou konstrukci
s jizdnimi pasy v samostatnych tunelovych troubach a s planova-
nou zZivotnosti minimalné 100 let. Divody pro vedeni komunikace
pod zemi vychdzeji zejména z po-

INTRODUCTION

On Saturday, December 21, 2024, a new section of the D3
motorway Usilné — Kaplice station was put into operation. It is
more than 28km long and consists of three connecting construction
(7.2km),
(12.5km) and Trebonin—Kaplice station (8.5km). An important

sections  Usilné—Hodg&jovice Hodéjovice—Tiebonin
mission of the entire section is a motorway bypass of the regional
city of Ceské Bud&jovice, with a population of 100,000, with the
diversion of the Prague—Linz road heavy transit.

The Pohirka motorway tunnel is part of the first-named section
of the D3 Usilné-Hodg&jovice (km 131.240-138.450). The tunnel is
located southeast of the center of Ceské Bud&jovice near the Such4
Vrbné district and the municipalities of Dobrd Voda and Stara
Pohtrka (Fig. 1). The total length of the tunnel is 999.5m, it is
constructed as a shallow excavation in a relatively flat, undeveloped
area just below the Dobrovodsky stream bed. It is a reinforced
concrete structure with lanes in separate tunnel tubes and with

zadavkl z projednani stavby, z geo-
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ulici Dobrovodskou (PraZsky portal)
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HOCHTIEF CZ a. s., Colas CZ, a.s.
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Fig. 1 Plan view
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dokoncovani. Od unora leto$niho roku je tunel provozovan s ma-
ximalni rychlosti jizdy vozidel 100 km/h.

Projektova pfiprava tunelu probihala od roku 2008 (DUR byla
vydana 2009), vlastni realizace pak probéhla v letech 2019-2024.
Dosud tomuto projektu nebyla, dle nazoru autort, vénovana vetsi
publicita, proto je zde piedstaven v obsahlejSim ¢lanku o celém
vyvoji feSeni z pohledu projektanta.

1. INZENYRSKOGEOLOGICKE A HYDROGEOLOGICKE
POMERY

Lokalita, ve které se nachazi tunel Pohurka, je soucasti Cesko-
budéjovické kiidové panve. Nadmoiska vyska se zde pohy-
buje v rozmezi 392-427 m n. m. Celkovd mocnost kvartérniho
pokryvu je prevazné 0,3-2,3 m. Prevazuji zde deluvidlni sedimen-
ty, pfedevsim jilovité zeminy tuhé aZ pevné konzistence, méné pak
piscité zeminy stiedné ulehlé. V okoli Dobrovodského potoka jde
o fluvialni zeminy mocnosti az 8,5 m.

Predkvartérni podlozi je tvorené kiidovymi sedimenty, prede-
v§im jilovci, prachovci a piskovei az drobnozrnnymi slepenci.
Zastoupeni jednotlivych litologickych typl je znacné proménlivé
a v piskovcich se Casto vyskytuji jilovité polohy a naopak. V prachov-
cich je Castd proménlivé pfimés jemnozrnného pisku. Nelze tedy Cas-
to presné stanovit rozhrani, mensi polohy jedné horniny v druhé se
vyskytuji bézné. Zvétrani je také velice nepravidelné, zcela zvétralé
polohy skalniho podloZi dosahuji velkych hloubek (obr. 2).

Hydrologicky naleZi tizemi do povodi Dobrovodského potoka.
Dle archivnich sond a hydrogeologického prizkumu je zde témér
souvislé zvodnéni s proménlivou trovni hladiny podzemni vody
(HPV). Az na vyjimky se podzemni voda vyskytuje v hloubce cca
6,3-11,1 m pod terénem. Vzhledem k horizontdlni i vertikal-
ni variabilité kiidovych sedimentl se v oblasti vyskytuji zavésené

vxz

zvodné s vys$si hladinou podzemni vody.
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a planned service life of at least 100 years. The reasons for running
the road underground are mainly based on the requirements of
the construction negotiations, the location geomorphological
conditions and the construction technology possibilities. The
tunnels therefore run under Dobrovodska Street (Prazsky portal)
and Ledenicka Street (Kaplicky portal).

The investor of the project is the Roads and Highways
Directorate s.p. (RSD). The construction contractor is a joint
venture of companies HOCHTIEF CZ a.s., Colas CZ, a.s. and
M — SILNICE a. s. The design documentation for the D3 Usilné—
Hodéjovice section was prepared by PRAGOPROJEKT, a. s., and
the design of the Pohtirka tunnel was prepared by METROPROJEKT
Praha a.s. The tunnel detailed documentation was prepared by MPI
Projekt s.r.o.

The tunnel, like the entire section of the D3 motorway, was put
into early use — test operation and its completion are underway as
part of the construction finalization. Since February of this year, the
tunnel has been operated at a maximum vehicle speed of 100km/h.

The project preparation of the tunnel has been underway since
2008 (the DUR was issued in 2009), and the actual construction
took place in 2019-2024. In the opinion of the authors, this project
has not received much publicity so far, which is why it is presented
here in a more comprehensive article about the entire design
development from the designer’s perspective.

1. ENGINEERING-GEOLOGICAL AND HYDROGEOLOGICAL
CONDITIONS

The Pohiirka tunnel location is part of the Ceské Bud&jovice
Cretaceous Basin. The altitude here ranges from 392 to 427m above
sea level. The total thickness of the Quaternary cover is mostly
0.3-2.3m. Deluvial sediments predominate here, especially clayey
soils of stiff to firm consistency, less often sandy soils of medium
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Obr. 2 Podélny geotechnicky profil
Fig. 2 Longitudinal geotechnical profile
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Fig. 3 Pohiirka Tunnel — plan view

Vzhledem ke slozitosti hydrogeologické problematiky v oblasti
stavby tunelu, navazujicich zafezl, odvodiiovaci §toly, okolnich
studni a povrchové zastavby byl zpracovan matematicky hydro-
geologicky model proudéni podzemni vody. SlouZi k upresnéni
rozsahu zmén rezimu podzemni vody v okoli stavby a pro oblast
celé Ceskobudgjovické panve. Zmitiovany model byl uréen zejmé-
na pro optimalizaci nadvrhu konstrukce tunelu a zptisobu vystavby.
Tento model umoznil zhodnotit rozsah a hranice mozného nega-
tivniho ovlivnéni rezimu podzemnich vod v okoli stavby a byl
podkladem pro rozsah pasportizace povrchové zastavby. Slouzil
také pro upresnéni zpisobu a rozsahu monitoringu konstrukci
a uzemi béhem stavby a po stavbé.

2. ZAKLADNi PARAMETRY PRO NAVRH KONSTRUKCE
TUNELU
Pro néavrh konstrukce tunelu o délce 999,5 m (obr. 3) byly pro-
jektem dalnice D3, Rizikovou analyzou a PoZarné bezpe¢nostnim
feSenim (PBR) stanoveny jako zadani tyto zdkladni dispozi¢ni pa-
rametry a bezpecnostni pozadavky:

* samostatné tunelové trouby pro kazdy jizdni pas dalnice;

e prava i leva tunelova trouba (PTT, LTT) jsou kategorie T
11,75 m, dvoupruhové s pruhy Sitky 3,50 a 3,75 m a s priubéz-
nym nouzovym pruhem $itky 3,5 m, vodici prouzky jsou 0,25
+ 0,25 m, stfedni chodniky jsou Sife 1,30 m, vnéjsi 1,15 m;

* bezpecnostni kategorie TA dle CSN 73 7507;

* pozarni vodovod s hydranty, s ohledem na délku tunelu stéle
napustény a pod tlakem;

 vyklenky pro SOS kabiny ve vné&jSich sténédch tunelu;

* unikové cesty (prostupy ve stfedni sténé tunelu) s protipozar-
nimi uzavéry a dvé samostatna tnikova schodi$té z tunelu na
povrch pro evakuaci osob v pfipadé mimoradné udalosti v tu-
nelu, a to samostatné z kazdé tunelové trouby.

U prazského portalu je umistén provozné technologicky ob-

jekt (PTO). Ped obéma portaly jsou plochy pro nastup slozZek in-
tegrovaného zachranného systému pfi mimotadné udalosti v tunelu

density. In the vicinity of Dobrovodsky stream, these are fluvial
soils up to 8.5m thick.

The bedrock is formed by Cretaceous sediments, mainly clay-
stones, siltstones and sandstones with fine-grained conglomerates.
The occurrence of individual lithological types is highly variable
and clayey deposits often occur in sandstones and vice versa. In
siltstones, there is a frequent variable admixture of fine-grained
sand. Therefore, it is often impossible to precisely determine
the bedrock boundary, smaller deposits of one ground type are
commonly found in another. Weathering is also very irregular,
completely weathered rock reaches great depths (Fig. 2).

Hydrologically, the area belongs to the Dobrovodsky stream
According probes and hydrogeological
investigations, there is almost continuous water bearing strata
with a variable groundwater level (HPV). With some exceptions,
groundwater occurs at a depth of approximately 6.3-11.1m
below the terrain. Due to the horizontal and vertical variability of
Cretaceous sediments, elevated aquifers with higher groundwater
levels occur in the area.

Due to the hydrogeological complexity in the tunnel construction
area, adjacent cuts, drainage adit, surrounding wells and buildings,
a mathematical hydrogeological model of groundwater flow
was developed. It serves to specify the extent of changes in the
groundwater regime in the vicinity of the construction and for the
entire Ceské Bud&jovice Basin. The aforementioned model was
intended primarily for optimizing the design of the tunnel structure
and the construction method. This model allowed to evaluate the
extent and limits of possible negative impacts on the groundwater
regime in the vicinity of the construction and was the basis for the
scope of the buildings survey. It also served to specify the method
and scope of structures and terrain monitoring during and after
construction.

basin. to archival

2. BASIC PARAMETERS FOR THE TUNNEL STRUCTURE
DESIGN

For the tunnel structure design with a length of 999.5m (Fig. 3),
the following basic layout parameters and safety requirements
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a pro techniku obsluhy a tdrzby tunelu. U kazdého portilu je pfi-
stavaci plocha pro vrtulnik.

3. VYVOJ NAVRHU KONSTRUKCE TUNELU

Ve zkratce 1ze vyvoj popsat takto: Nejprve byla konstrukce tu-
nelu v dokumentaci pro uzemni rozhodnuti navrZena jako sdruze-
ny ram (ram o dvou polich), poté byla v dokumentaci pro stavebni
povoleni a tendrové dokumentaci (PDPS) zménéna na metodu
vystavby razbou pod zastropenim s podzemnimi sténami, aby se
ve vlastni realizaci vratila k pivodni koncepéni mySlence tuhé
konstrukce sdruzené¢ho rdmu, budované v paZené stavebni jamé.
Tato posledni zména se odehrala takiikajic za pochodu, po zahaje-
ni realizace stavby v roce 2019 a po doplnujicich geotechnickych
a zatéZovacich zkouskach skute¢nych vzorovych lamel podzem-
nich stén. K jednotlivym fazim navrhu podrobnéji.

3.1 Konstrukce tunelu podie zadavaci dokumentace

Nosnd konstrukce tunelu byla navrZzena jako uzaviena konstruk-
ce o dvou polich, budovana metodou razby pod zastropenim. Kon-
strukce byla doplnéna o destnikovou hydroizolaci na stropni desce
s trvale sniZenou hladinou podzemni vody pod pracovni spiru
mezi stropni deskou a st€énami (obr. 4).

Svislé stény byly navrzeny jako tii konstruk¢ni podzemni stény
tloustky 800 mm. Krajni podzemni stény byly kratsi, vetknuté pod
zéakladovou spéru, stfedni podzemni sténa byla delSi, vzhledem
k predpoklddanému vysSimu zatiZeni. Délky podzemnich stén

Tuel

were set as specifications by the D3 motorway project, the Risk
Analysis and the Fire Safety Solution (PBR):

e separate tunnel tubes for each motorway direction;

e right and left tunnel tubes (PTT, LTT) are category T 11.75m,
two-lane tunnels with lanes 3.50 and 3.75m wide and with
a continuous emergency lane 3.5m wide, guide strips are 0.25
+ 0.25m, median walkways are 1.30m wide, outer walkways
1.15m;

« safety category TA according to CSN 73 7507;

e fire water pipes with hydrants, with regard to the length of the
tunnel always filled and under pressure;

¢ niches for SOS cabins in the outer walls of the tunnel;

e escape routes (passages in the middle wall of the tunnel) with
fire-proof closures and two separate escape staircases from the
tunnel to the surface for the evacuation of people in the event
of an emergency in the tunnel, separately from each tunnel
tube.

An operational and technological facility (PTO) is located at the
Prague portal. In front of both portals there are areas for the arrival
of the integrated rescue system units in the event of an emergency
in the tunnel and for tunnel operation and maintenance equipment.
There is a heliport at each portal.

3. DEVELOPMENT OF THE TUNNEL STRUCTURE DESIGN

In short, the development can be described as follows: First, the
tunnel structure was designed as a continuous frame (two-span
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byly staticky posouzeny na zemni a hydrostaticky tlak a rovnéz
na omezeni seddni po provedeni stropni konstrukce a zasypu.
Konstrukce tunelu musela rovnéZ odolat uc¢inkiim zvySené hla-
diny vody v nové retencni nadrZi pfi rozvodnéni Dobrovodské-
ho potoka. Podzemni stény byly navrZeny jako vodonepropustné
s vloZenymi sparovymi pdsy mezi jednotlivymi lamelami, vcetné
pojistného systému injektazi.

Pfi provadeéni vykopt bylo navrzeno postupné snizovani hladi-
ny systémem Cerpacich studni, které mély slouZit i k pozorovani
zmén rezimu podzemnich vod v okoli tunelu pfi vystavbeé.

Na podzemni stény méla byt nasledné v ,,mélkém* vykopu vy-
betonovana stropni deska s deStnikovou hydroizolaci, ukoncenou
na bocich tunelu dle specidlniho detailu. Pod touto trovni méla
byt osazena pojistna drendZ s reviznimi Sachtami po cca 100 m po
obou stranach tunelu. Tato pojistna drendZ méla gravitatné odva-
dét vody podél tunelu.

NavrZeny postup vystavby umozioval provadéni prelozek inZe-
nyrskych siti, komunikaci a rovnéZ docasné prevedeni Dobrovod-
ského potoka, to v8e rychleji a operativn€ s ohledem na prostorové
a Casové vazby. Tim mélo dojit ke zkraceni doby negativnich d¢in-
ku stavby na okolni povrchovou zastavbu, Zivot obyvatel a Zivotni
prostredi.

V dalSim kroku vystavby mély byt provedeny vykopy pod stro-
pem tunelu mezi podzemnimi sténami na uroven zakladové spary
pro zédkladové desky dna tuneld. Vyhoda hloubeni pod zastrope-
nim spocivala v omezeni pfitoku podzemni vody pouze na dno
a Celbu. Pri razbé tunelu bylo planovano do dna instalovat docas-
né ocelové rozpéry podzemnich stén k zamezeni pfi¢nych posunt
stén vlivem tlaku zeminy a podzemni vody. Hydraulické prolo-
meni dna bylo eliminovano dostate¢nou délkou zejména boc¢nich
podzemnich stén.

Po dokonceni vykopt nebo jejich ¢asti bylo planovano prove-
deni zékladovych desek Zelezobetonového dna obou tubusi, které
mely byt vodonepropustné propojeny s konstrukci podzemnich
stén. Zakladnim prvkem byl ocelovy svafenec, jehoZz Cast byla
soucasti podzemni stény a zbyvajici ¢ast méla byt navarena po
odfrézovani drizek v podzemni sténé pro napojeni zakladové
desky. Detail byl navrZen s injektdZnimi hadickami pro zajisténi
vodonepropustnosti, injektdZ méla byt provedena pred realizaci
vnitinich konstrukei.

3.2 Zména navrhu pro realizaci - podklady pro zménu
navrhu

Vzhledem k pomérné slozitym geologickym podminkdm ukla-
dal zadavaci projekt zhotoviteli provedeni doplitujiciho geotech-
nického prizkumu s fadové vy$si vypovidaci schopnosti, nez
poskytovaly vysledky z geotechnického prizkumu jadrovymi
vrty. Hlavnim obsahem dopliujiciho prizkumu byla zatéZovaci
zkouska lamel podzemnich stén.

Zhotovitel proved] tuto zkouSku v srpnu 2019 na tfech jedno-
zabérovych lamelach podzemnich stén (PS). Zkouska byla situo-
vana do blizkosti Dobrovodského potoka. Lamely o rozmérech
0,8 x 2,8 m a hloubkach 17,0, 27,0 a 40,0 m, ve vzdjemné
vzdalenosti 10,0 m, byly hloubeny drapdkem Stein K 810 pod
ochranou pazici bentonitové suspenze a po vloZeni armoko-
St vyplnény betonem C 30/37 XA3, XC2, S4/S5. Hlavy la-
mel byly opatfeny roznaSecimi deskami pro uloZeni spodniho
svafence ocelového zatézovaciho mostu (obr. 5). Driky lamel
PS byly osazeny jednak tenzometry, jednak optickymi kabe-
ly. ZkuSebni most typu ,,hiibek* byl na kazdé z lamel piikotven
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frame) in the zoning documentation, then in the building permit
and tender documentation (PDPS) it was changed to the door-frame
construction method (with underground walls, in order to return to
the original conceptual idea of a rigid continuous frame structure,
built in a construction pit with retaining walls. This last change
took place, so to speak, on the go, after the start of construction
in 2019 and after additional geotechnical and load tests of actual
sample lamellas of the underground walls. The individual design
phases in more detail.

3.1 Tunnel design according to the tender
documentation

The supporting structure of the tunnel was designed as a closed
two-span structure, built using the door-frame method excavation.
The structure was supplemented with umbrella sheet waterproofing
on the upper slab with a permanently lowered groundwater table
below the construction joint between the upper slab and the walls
(Fig. 4).

The vertical walls were designed as three structural underground
walls 800mm thick. The outer underground walls were shorter,
embedded under the foundation joint, the middle underground wall
was longer, due to the expected higher load. The lengths of the
underground walls were statically verified for earth and hydrostatic
pressure and also for limiting settlement after the upper slab
structure construction and backfilling. The tunnel structure also
had to withstand the effects of increased water levels in the new
retention reservoir during the flooding of the Dobrovodsky stream.
The underground walls were designed as watertight with inserted
waterstop joint strips between the individual lamellas, including
asafety injection system.

When carrying out the excavations, a gradual lowering of the
groundwater level was proposed using a system of pumping
wells, which were also intended to serve to observe changes in the
groundwater regime around the tunnel during construction.

An upper slab with umbrella waterproofing was to be concreted
onto the underground walls in a “shallow” excavation pit, ending
on the sides of the tunnel according to a special detail. Below this
level, a safety drainage system was to be installed with inspection
shafts every 100m on both sides of the tunnel. This safety drainage
system was to drain water along the tunnel by gravity.

The proposed construction procedure allowed for the of utilities
relocation, communications and also the temporary diversion
of the Dobrovodsky stream, all of which was faster and more
operational, taking into account spatial and time constraints. This
was to shorten the period of negative effects of the construction
on the surrounding build-up area, the community living and the
environment.

In the next step of construction, excavations were to be carried
out under the tunnel upper slab between the underground walls to
the level of the foundation bedding for the foundation slabs of the
tunnel bottom. The advantage of excavating under the upper slab
was to limit the inflow of groundwater only to the bottom and face.
During the tunnel excavation, it was planned to install temporary
steel struts between the underground walls in the bottom to prevent
lateral displacement of the walls due to the earth and groundwater
pressure. Hydraulic fracturing of the bottom was eliminated by the
sufficient length of the outer underground walls in particular.

After the excavations or part of them were completed, it was
planned to make the reinforced concrete base plates of the bottom
of both tubes, which were to be connected watertightly to the
underground wall structure. The basic element was a steel weldment,
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Obr. 5 ZatéZovaci zkouSka zkuSebni lamely
Fig. 5 Load test of the test lamella

12 ks zemnich pfedpjatych pramencovych kotev, rozmisténych
do kruhu o priméru 6180 mm. Statické zatéZovaci zkousky
na vSech zkuSebnich lameldch byly navrZzeny pro maximalni
zatizeni P = 12,0 MN. Kritériem pro ustalovani zatiZzeni byl jednak
prirtstek deformace po dvou za sebou jdoucich méfenich seda-
ni As £ 0,10 mm, jednak minimélni doba setrvani na pfisluSném
zatéZovacim stupni 60 minut. Deformace byla sniména Ctyfmi ne-
zavislymi elektronickymi snimaci deformaci a sila byla kontrolo-
vana dynamometry. Vysledkem zatéZovacich zkousek zkuSebnich
lamel PS bylo stanoveni charakteristickych hodnot plaStového tie-
ni a napéti na paté pro pfipustné sedani o velikosti s < 10,0 mm
a s < 15,0 mm. Na zakladé téchto zkouSek doporucil zpracovatel
vyhodnoceni zaté€Zovaci zkouSky, doc. Ing. Jan Masopust, CSc.,
pocitat se zkouskou ovéfenymi charakteristickymi hodnotami za-
kladovych pid pro seddni lamel s = 10 mm.

DalSim podkladem pro zménu feSeni byl novy vrt J999, ve kte-
rém byla, oproti predchozim prizkumiim, zjiSténa napjata hladina
podzemni kiidové zvodné. Toto nové zjisténi bylo ndsledné upres-
néno dal§imi prazkumnymi vrty.

Dalsim podstatnym vstupem bylo pak i stanovisko Povodi
Vltavy, s. p., ze 17. 4. 2019, které znemoZziiovalo provedeni cerpa-
ni podzemni vody v prib&hu vystavby do snizené urovné, uvazo-
vané ve statickém vypoctu projektové dokumentace pro provadéni
stavby (PDPS).

3.3 Alternativni varianty konstrukce tunelu

Na zékladé téchto podkladt byl autorsky dozor objednatelem
pozadan o vyhodnoceni vySe zminénych skutecnosti na technic-
ké fesSeni tunelu. Vznikl tak navrh konstrukce, nazvany Varianta
,,Upravena PDPS*.

Zaroveti dne 29. 11. 2019 predal Zhotovitel stavby koncepcné
odlisné alternativni technické feSeni konstrukce tunelu, které rov-
néz reagovalo na vySe zminéné nové poklady. Toto feSeni bylo
nazvano ,,Varianta Krabice*.

Varianta ,,Upravend PDPS‘

Koncepce navrhu a pouzité konstrukéni prvky pro nosné kon-
strukce, jakoZ i postup vystavby, byly totozné jako ve stupni pro
vybér zhotovitele (Metoda razby pod zastropenim). Na zakladé
vysledkt z dopliiujiciho prizkumu byly prodlouzeny (resp. pro-
hloubeny) vSechny tfi podzemni stény tunelu. V nejproblematic-
t&j$im misté do$lo k ndvrhu prodlouZeni stfedni podzemni stény
az o 18 m. V této varianté bylo také zasadné omezeno Cerpani
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part of which was part of the underground wall and the remaining
part was to be welded after milling the grooves in the underground
wall for connecting the base plate. The design included injection
hoses to ensure watertightness, the injection was to be carried out
before the implementation of the internal structures.

3.2 Change in detailed design - background for design
change

Due to the relatively complex geological conditions, the
project tender documents required the contractor to carry out an
additional geotechnical investigation with an order of magnitude
higher informative capacity than the results of the geotechnical
investigation by core drilling. The main component of the additional
investigation was a load test of the underground walls lamellas.

The contractor performed this test in August 2019 on three
single-section lamellas of underground walls (PS). The test
was located near the Dobrovodsky stream. The lamellas with
dimensions of 0.8 x 2.8m and depths of 17.0, 27.0 and 40.0m, at
a distance of 10.0m from each other, were excavated with a Stein
K 810 clamshell excavator under the support of a bentonite
suspension and, after inserting the steel reinforcing cages, filled
with concrete C 30/37 XA3, XC2, S4/S5. The heads of the lamellas
were equipped with load distribution plates for accommodating
the lower weldment of the steel load bridge (Fig. 5). The bodies
of the PS lamellas were fitted with both strain gauges and optical
cables. The mushroom-type test bridge was anchored to each of
the lamellas with 12 prestressed earth anchors, arranged in a circle
with a diameter of 6180mm. Static load tests on all test lamellas
were designed for a maximum load of P = 12.0MN.

The criterion for load stabilization was the increase in
deformation after two consecutive settlement measurements
As £ 0.10mm, and the minimum time period at the respective
load level of 60 minutes. The deformation was measured by four
independent electronic deformation sensors and the force was
controlled by a dynamometer. The result of the load tests of the
PS test lamellas was the determination of the characteristic values
of the skin friction and the stress under the foot for the permissible
settlement of s < 10.0mm and s < 15.0mm. Based on these tests, the
responsible for the load test evaluation, Assoc. Ing. Jan Masopust,
CSc., recommended to adopt the test-verified characteristic values
of the foundation soils for the settlement of the lamellas s = 10mm.

Another basis for the design change was the new borehole J999,
in which, in contrast to previous investigations, a chalk artesian
aquifer was found. This new finding was subsequently confirmed
by further exploration drilling.

Another significant input was the opinion of Povodi Vltava, s. p.,
dated 17 April 2019, which made it impossible to pump ground-
water during construction to a lower level, considered in the static
calculation of the project detailed design documentation (PDPS).

3.3 Alternative tunnel structures

Based on these inputs, the client requested the design supervision
authority to evaluate the tunnel technical design based on the
above-mentioned facts. This resulted in a design proposal called
the “Modified PDPS” Alternative.

At the same time, on 29 November 2019, the Contractor
submitted a conceptually different alternative technical design
solution for the tunnel construction, which also responded to the
above-mentioned new facts. This design solution was called the
“Box Alternative “.
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podzemni vody vné tunelu. Zvysené zatizeni mély prendset doCas-
né rozpéry ulozené pod dnem tunelu, osazované béhem vykopl
pod stropem uvnitf tunelu.

Varianta ,,Krabice*

V této varianté dochézi k zdsadni zméné koncepce konstrukce
tunelu véetné postupu vystavby. Na rozdil od zadavaci dokumen-
tace i varianty ,,Upravend PDPS* méla probéhnout cela vystavba
klasickym hloubenim tunelové konstrukce, tzn. v oteviené paze-
né stavebni jamé. Jeji pazeni mély tvorit dvé rozeprené vodotés-
né podzemni stény tl. 800 mm vetknuté dostatecné hluboko pod
aroven zakladové spary. DuleZité pfitom bylo, Ze hloubka téchto
pazicich podzemnich stén byla mensi nez ve varianté PDPS. Pro
stanoveni hloubky vetknuti bylo nutno vzit do tvahy i vliv proudé-
ni podzemni vody pod patou stény (stabilita dna proti hydraulické-
mu zdvihu, vyplavovani jemnych ¢astic — sufoze).

Pro doc¢asné zajiSténi paZicich podzemnich stén byly navrZeny
dvé fady ocelovych rozpér (rozepreni v koruné PS a v mezilehlé
poloze) tak, aby bylo moZné vybetonovat konstrukci tunelu pod
rozpérou v koruné podzemni stény. Funkci rozpér paZeni pfi vy-
stavbé postupné prebirala definitivni konstrukce spodni desky
a stropni desky rdamu. Timto postupem by jako konstrukce tunelu
vznikl uzavieny monoliticky rdm o dvou polich, kompletné uza-
vieny hydroizola¢nim souvrstvim.

34. rocnik - €. 2/2025

The “Modified PDPS” Alternative

The design concept and the structural elements used for the
supporting structures, as well as the construction process, were
identical to those in the tender phase (door-frame excavation
method under the upper slab). Based on the results of the additional
investigation, all three underground walls of the tunnel were
extended (or deepened). In the most problematic location, the
middle underground wall was proposed to be extended by up to
18m. In this alternative, the pumping of groundwater outside the
tunnel was also significantly limited. The increased load was to
be carried by temporary struts placed inside the tunnel under the
tunnel invert, installed during the door-frame excavation under the
upper slab.
“Box” Alternative

In this alternative, there is a fundamental change in the tunnel
structure concept, including the construction method. Unlike the
tender documentation and the ,,Modified PDPS” Alternative, the
entire construction was to take place by conventional excavation of
the tunnel structure, i.e. in an open, construction pit with retaining
walls. Its retaining walls were to consist of two 800mm thick,
strutted waterproof underground walls embedded sufficiently deep
below the level of the foundation base. It was important that the
depth of these retaining underground walls was smaller than in
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Obr. 6 Varianta A - priény rez
Fig. 6 Alternative A — cross-section
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V dubnu roku 2020 pozadal objednatel autorsky dozor o tipravu
obou predloZenych feSeni a zpfistupnil mu data z méfeni dlouho-
dobého monitoringu hladiny podzemni vody v hydrogeologickych
vrtech a stdvajicich studnich (méfeni firmy SAMSON PRAHA,
spol. s r.o. od 03/2017).

Z konferen¢niho projednédni a porovnani variant z 03/2020 vy-
plynulo zadéni objednatele zpracovat pro rozhodnuti o dal$sim po-
stupu celkem Ctyfi varianty konstrukéniho provedeni tunelu.

Varianta A: Konstrukce tunelu ,,PDPS* - zastiZend troveri
HPYV bez snizeni

Hloubka konstrukénich podzemnich stén byla navrZena na za-
kladé vysledkl ze Zavérecné zpravy o vysledcich zatéZovacich
zkousek lamel podzemnich stén, zpracované doc. Masopustem,
ktery na zakladé téchto zkousek a na zakladé skutecné zastiZe-
né HPV z dlouhodobého hydrogeologického monitoringu stano-
vil charakteristické hodnoty plastovych tfeni a tinosnosti na paté
v souladu s platnymi normami. V této varianté se neuvazovalo se
snizovanim hladiny podzemni vody vné stavebni jamy (obr. 6).
Pod dnem tunelu byla navrZena rozpérna konstrukce v reakci na
skute¢né zastizenou HPV z dlouhodobého hydrogeologického
monitoringu.

Varianta B: Konstrukce tunelu ,,PDPS* - sniZend HPV

Hloubka konstrukénich podzemnich stén byla v této varianté na-
vrzena stejnym zpusobem jako v pfedchozi Varianté A s tim roz-
dilem, Ze zde se pocitalo se sniZovanim hladiny podzemni vody
vné podzemnich stén po celé délce tunelu. NavrZzené dodatecné
sniZovani hladiny podzemni vody umoznilo zcela vypustit doCas-
né ocelové rozpéry pod dnem tunelu.

Varianta C: Konstrukce tunelu ,,Krabice* - zastiZend tiroveri
HPYV bez sniZeni

PaZeni stavebni jamy

Oproti predchozimu navrhu paZeni rozepfenymi podzemnimi
sténami (viz vyse) byla navrZena vodotésna stavebni jama zapa-
Zené kotvenou §tétovou sténou s pramencovymi kotvami ve dvou
nebo tfech trovnich. Vzhledem ke geologickym podminkdam ne-
bylo v této varianté mozné Stétovnice beranit na celou hloubku,
proto mély byt osazovany do vytéZené ryhy tl. 600 mm a zality
jilocementostruskovou smési. V této varianté se neuvazovalo se
snizovanim hladiny podzemni vody vné stavebni jamy.

Konstrukce tunelu

Nosnou konstrukei tvofil v této varianté Zelezobetonovy ram
o dvou polich vytvarejici dvé komory. Jedna se o plosné zaloze-
nou Zelezobetonovou konstrukei tunelu s tlakové uzavienym sys-
témem hydroizola¢niho souvrstvi.

Varianta D: Konstrukce tunelu ,,Krabice — snizend HPV

PazZeni stavebni jamy

Konstrukce tunelu se jako ve varianté C stavi do zapaZené sta-
vebni jamy. V tomto feSeni se uvaZovalo se sniZovanim hladiny
podzemni vody vné stavebni jamy po celé délce tunelu. Stavebni
jdma je zCasti zapazena vodotésnou §tétovou sténou a zCasti lev-
néjsim zaporovym paZenim (v mistech snizeni HPV pod dno sta-
vebni jamy). Stétova i zaporova sténa byly navrZeny jako kotvené
pramencovymi kotvami ve dvou drovnich.

Konstrukce tunelu je identicka s pfedchozi variantou C, tj. Ze-
lezobetonovy rdm o dvou polich.

Ve variantach oznacenych ,,snizenda HPV* bylo uvazovano se
sniZzenim aktudlné zastiZené hladiny podzemni vody pfi vystavbé

Tuel

the PDPS alternative. To determine the embedment depth, it was
necessary to take into account the influence of groundwater flow
under the foot of the wall (bottom stability against hydraulic heave,
washing out of fine particles — suffosis).

Two rows of steel struts were designed to temporarily support
the retaining underground walls (spanning in the top of the PS
and in an intermediate position) so that it would be possible to
concrete the tunnel structure under the upper struts. The function
of the struts during construction was gradually taken over by the
definitive structure of the bottom slab and upper slab of the frame.
This procedure would create a closed monolithic tunnel structure
frame with two spans, completely enclosed by a waterproofing
layer.

In April 2020, the client requested the design supervision
authority to modify both submitted solutions and made available
the data from long-term monitoring of groundwater levels in
hydrogeological boreholes and existing wells (measurements by
SAMSON PRAHA, spol. s r.o. since 03/2017).

The conference discussion and comparison of the alternatives
from 03/2020 resulted in the client’s assignment to prepare a total
of four tunnel design alternatives for a decision on further action.

Alternative A: Tunnel structure “PDPS” — encountered HPV
level without lowering

The depth of the structural underground walls was designed
based on the conclusions of the Underground Wall Lamellas Load
Tests Results Final Report, prepared by Assoc. Prof. Masopust,
who, based on these tests and on the basis of the actually achieved
HPV from long-term hydrogeological monitoring, determined
the characteristic values of skin friction and foot bearing capacity
in accordance with applicable standards. In this alternative,
lowering the groundwater level outside the construction pit was
not considered (Fig. 6). A strut structure was designed under the
bottom of the tunnel in response to the actual HPV found from
long-term hydrogeological monitoring.
Alternative B: Tunnel structure “PDPS” — lowered HPV

The depth of the structural underground walls in this alternative
was designed in the same way as in the previous Alternative A, with
the difference that a lowering of the groundwater level outside the
underground walls along the entire length of the tunnel was taken
into account. The proposed additional lowering of the groundwater
level made it possible to completely leave out the temporary steel
struts under the tunnel bottom.

Alternative C: Tunnel structure “Box”’ — HPYV level reached
without lowering

Retaining walls of the construction pit

In contrast to the previous design of retaining underground
walls (see above), a waterproof construction pit design included
anchored sheet pile wall with strand cable anchors in two or three
levels. Due to the geological conditions, it was not possible to drive
the sheet piles to the full depth in this alternative, therefore they
had to be installed in an excavated trench 600mm thick and filled
with a clay-cement-slag mixture. This alternative did not consider
lowering the groundwater level outside the construction pit.
Tunnel structure

The supporting structure in this alternative was a reinforced
concrete frame with two spans creating two chambers. This is a slab
foundation, reinforced concrete tunnel structure with a pressure-
sealed waterproofing system.




po celé délce tunelu. K ovéreni lokédlnich hydrogeologickych po-
méri byly v radmci prvni faze vybudovény Ctyfi trojice Cerpacich
studni. Na zdkladé vysledkt z Cerpacich zkousek bylo provedeno
hydrogeologické posouzeni vlivu navrhovaného snizeni HPV bé-
hem vystavby tunelu a zahdjeno spravni fizeni pro povoleni k na-
kladani s podzemnimi vodami — Cerpani za tGcelem sniZeni jeji
hladiny v prostoru tunelu Pohiirka.

4. VYSLEDNY NAVRH PRO REALIZACI - KONSTRUKCE
A POSTUP VYSTAVBY

Z porovnani vySe uvedenych Ctyf variant vysla nejvyhodnéji
Varianta D — Konstrukce tunelu ,,Krabice* se snizenou HPV, ktera
vykazovala nejniz$i ndklady na vystavbu a nejrychlejsi dokonceni.
Podminkou moZnosti realizace této varianty bylo ziskani povoleni
k nakladani s podzemnimi vodami — Cerpani podzemni vody za
ucelem sniZeni jeji hladiny. To se také nasledné podarilo ziskat.

V této varianté byla tedy vystavba tunelu navrZena zpisobem
odlisnym od zadédvaci dokumentace. Nové se predpokladalo pro-
vedeni stavebni jamy docCasné zajisténé dvéma technologiemi, dle
zastiZzeni hladiny podzemni vody nad nebo pod trovni vykopu pro
tunel. V ptipadé HPV nade dnem stavebni jamy tunelu bylo paze-
ni provedeno kotvenymi Stétovymi st€nami (dsek prazsky portal
az km 135,680). V piipadé HPV pod touto trovni byla staveb-
ni jdma zajisténa kotvenym zdporovym pazenim s vydievou (km
135,680 az kaplicky portal). V takto zajisténé jame bylo postupné
budovano plos$né zaloZeni konstrukce tunelu. Findlni monoliticka
konstrukce tunelu byla v tomto feSeni navrZena s kompletnim tla-
kovym systémem hydroizolace, bez nutnosti provedeni trvalého

P

drenazniho systému (obr. 7).
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Alternative D: Tunnel structure “Box” — lowered HPV

Retaining walls of the construction pit

As in alternative C, the tunnel structure is built in an open pit.
This solution considered lowering the groundwater level outside
the pit along the entire length of the tunnel. The pit is partly
supported with a waterproof sheet pile retaining wall, and partly
with cheaper soldier pile retaining walls (in places where the HPV
is lowered below the bottom of the pit). The sheet pile and soldier
pile walls were designed to be anchored with strand cable anchors
at two levels.

The tunnel structure is identical to the previous Alternative C,
i.e. areinforced concrete frame with two spans.

In the alternatives marked “lowered HPV”, a lowering of the
encountered groundwater level was considered during construction
along the entire length of the tunnel. To verify local hydrogeological
conditions, four triples of pumping wells were built within the first
phase. Based on the results of pumping tests, a hydrogeological
assessment of the impact of the proposed HPV lowering during
tunnel construction was carried out and administrative proceedings
were initiated for a permit for groundwater management — pumping
in order to lower its level in the Pohlrka tunnel area.

4. FINAL DETAILED DESIGN - STRUCTURE
AND CONSTRUCTION PROCEDURE

From the comparison of the four alternatives listed above,
Alternative D — “Box” tunnel structure with lowered HPV emerged
as the most advantageous, as it had the lowest construction costs
and the fastest completion. The condition for the possibility of

implementing this option was obtaining a permit for groundwater
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4.1 Zajisténi stavebni jamy stétovymi sténami

V zastizenych geologickych podminkach nicméné nebylo moz-
né Stétovnice beranit, musely proto byt osazoviany do ryhy tés-
nici podzemni stény tl. 600 mm, dostatecné hloubky, vyplnéné
samotvrdnouci jilocementostruskovou suspenzi. Délky Stétovych
stén byly dany posouzenim na zemni a hydrostaticky tlak. Ko-
runa Stétovnic kopirovala niveletu tunelu. Toto feSeni Stétovych
stén zarucCilo vodonepropustnost pazeni vcetné spary v napojeni
na podzemni stény portalt. Délky (hloubky) Sté€tovych stén byly
v podélném sméru odstupriovany. Pfi provadéni vykopt byla po-
stupné sniZovana HPV v prostoru stavebni jamy systémem cerpa-
cich studni.

Kotveni §tétovych stén bylo navrzeno do¢asnymi pramencovy-
mi kotvami raznych délek a sklonl pres ocelové prevazky. Mezi
sténou budouciho hloubeného tunelu a paZenim byl navrZzen pra-
covni prostor Sifky cca 1500 mm. Pokud se prostup kotvy pazici
sténou nachazel pod hladinou podzemni vody, byl proveden jako
vodotésny.

4.2 Zajisténi stavebni jamy zaporovym pazenim

Zapory byly navrzeny z dvojice profilt IPE 360 4 2,4 m (ocel
S235). Kotveny byly pfimo ptes ocelovy profil, nebylo tedy nutné
na sténu osazovat ocelové prevazky. Vlastni pazeni bylo provede-
no z polohranéného feziva.

4.3 Konstrukce tunelu

Nosnou konstrukei tunelu tvofi v tomto piipadé plo$né zaloZeny
Zelezobetonovy ram o dvou polich vytvarejici dvé komory s tlako-
vé uzavienym systémem hydroizolacniho souvrstvi.

Standardni pfi¢ny fez tunelem je obdélnikovy s vnitini svétlou
Sitkou 14,65 m v LTT (levé tunelové troub¢) a 14,15 m v PTT
(pravé tunelové troubé€). Svétla vyska konstrukce v LTT i PTT
je 7,93 m. Nad prajezdnym prostorem vysky 4,80 m je pojistny
prostor 0,30 m a prostor pro osvétleni a portaly proménného do-
pravniho znaceni. V mistech velkoplo$nych dopravnich znacek
a ventilatort je strop tunelll zvySen na potiebnou uroven pfi za-
chovéni pojistného prostoru nad prijezdnim profilem.

Stropni deska je ze statickych diavodii navrZzena s nabéhy ke
stfedni i bo¢nim st€éndm. Pracovni spara stény a stropu je pii rea-
lizaci nélezité oSetfena. TlouStka stropni konstrukce je v prevazné
délce tunelu 1,0 m.

V mistech kfiZzeni tunelu s prelozkou kanalizace DN1400
(km 135,122), s definitivni pfelozkou Dobrovodského potoka
(km 135,132), se stokou (km 135,580) a s vodovodem v Ledenic-
ké ulici (km 136,096) je profil tunelu sniZen.

4.4 Pozarni odolnost konstrukce tunelu
Pozarni bezpe€nosti byla pfi navrhu tunelu vénovéana zna¢nd po-
e Tunel Pohtrka je, jako hloubena konstrukce s rovnym stro-
pem, prvnim dalni¢nim tunelem tohoto typu v CR. Neni piitom
jasné stanoveno, jak k posouzeni poZzarni odolnosti pfistu-
povat.
¢ Riziko ,,Velkého pozaru* je jednou za 15 let — dle Rizikové
analyzy tunelu Pohurka [2].
e Nutno provéfit zatéZovaci stav, kdy je ,,reten¢ni nadrz naplné-
na a v tunelu hoti* (Rizikova analyza tunelu Pohtrka [2]).
Pro navrh konstrukce bylo dilezité, jaky je pozarni scéndr (pru-
béh pozaru, pribeh zdsahu hasici) a jakou zvolit teplotni kiivku.
Po seznameni s moZnostmi byla navrZena teplotni kfivka ZTV-
-ING dle némeckého predpisu [5] (obr. 8). Takovy pribéh teploty
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management — pumping groundwater in order to lower its level,
which was subsequently obtained.

In this alternative, the tunnel construction was designed in a way
different from the tender documentation. It was newly assumed
that the construction pit would be temporarily secured using two
technologies, depending on whether the groundwater level was
found above or below the tunnel excavation level. In the case of
HPV above the bottom of the tunnel construction pit, the pit was
supported with anchored sheet pile retaining walls (section Prague
portal to km 135.680). In the case of HPV below this level, the
construction pit was supported with anchored soldier piles and
lagging (km 135.680 to Kaplice portal). The slab foundation of the
tunnel structure was gradually built in the pit supported in this way.
The final monolithic tunnel structure design included a complete
pressure waterproofing system, without the need for a permanent
drainage system (Fig. 7).

4.1 Construction pit with retaining sheet pile walls

However, in the geological conditions encountered, it was not
possible to ram the sheet piles, so they had to be installed in the
trench 600mm thick, of sufficient depth, filled with clay-cement
slag suspension. The sheet pile walls depths were determined by
the assessment of earth and hydrostatic pressure. The heads of the
sheet piles copied the tunnel’s vertical alignment. This solution of
the sheet pile walls guaranteed the watertightness of the sheet piles,
including the joint in the connection to the underground walls of
the portals. The lengths (depths) of the sheet pile walls were graded
in the longitudinal direction. During the excavations, the HPV in
the construction pit area was gradually lowered by a system of
pumping wells.

The sheet pile walls were designed to be supported with
temporary strand cable anchors of various lengths and inclinations
and fixed to steel walings. A working space of approximately
1,500mm width was designed between the wall of the future cut
and cover tunnel and the retaining wall. If the anchor penetration
through the retaining wall was below the groundwater table, it was
made watertight.

4.2 Construction pit with soldier pile retaining wall

The soldier piles were designed to be built from a pair of IPE
360 profiles, 2.4m apart (steel S235). They were anchored directly
through the steel profile, so it was not necessary to install steel
waling on the wall. The lagging was made of half-edged lumber.

4.3 Tunnel structure

In this case, the supporting structure of the tunnel consists of
aslab foundation, reinforced concrete frame with two spans creating
two chambers with a pressure-sealed waterproofing system.

The standard tunnel cross-section is rectangular with an internal
clear width of 14.65m in the LTT (left tunnel tube) and 14.15m in
the RTT (right tunnel tube). The clear height of the structure in both
the LTT and RTT is 7.93m. Above the 4.80m high passageway,
there is a safety space of 0.30m and space for lighting and carriers
of variable message traffic signs. In places of large-area traffic
signs and fans, the tunnel upper slab is raised to the necessary level
while maintaining the safety space above the passageway profile.

For static reasons, the upper slab is designed with chamfers at
the middle and side walls. The working joint of the walls and upper
slab is properly treated during construction. The thickness of the
upper slab structure is 1.0 m for most of the tunnel length.

The tunnel profile is reduced at the points where the tunnel
crosses the DN1400 sewerage system (km 135.122), the definitive
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Obr. 8 Varianty teplotni krivky
Fig. 8 Temperature curve variants

v tunelu je redlny za predpokladu, Ze zasah Hasi¢ského zachranné-
ho sboru (HZS) miZe skute¢né probéhnout v ¢asech, které kiivka
predpoklada. To bylo také kladné projednano s HZS Jihoceského
kraje.

Po této shodé na teplotnim zatiZeni konstrukce bylo tfeba pro-
kazat odolnost konstrukce pfi poZaru podle odsouhlasené teplotni
kiivky. Bylo hned zfejmé, Ze Zelezobeton bez dalSich uprav ne-
musi takovému teplotnimu zatiZeni vyhovét. Proto byly navrZeny
primési polypropylenovych (PP) vldken do nejvice namahanych
¢asti nosné konstrukce. Byla provedena pozarni zkouska tunelové-
ho osténi, prob&hla ve zkusebné PAVUS, a.s., a to na tfech riznych
typech betonu:

1. bézny beton bez vliken;

2. vlaknobeton s 1 kg PP vlaken na m?;

3. vldknobeton s 2 kg PP vldken na m>.

PoZzérni zkouSka (obr. 9) prokdzala vyznamny pfinos PP vlaken
na zlepSeni poZéarni odolnosti, a to ve stejné miie v davee 1 kg/m?
(vzorek 2) i v davce 2 kg/m? (vzorek 3). U obou vzorkil nepiekro-
¢ila teplota vnitfni vyztuZe hodnotu 400 °C pfi 70 mm kryti.

OO T

Obr. 9 PoZdrni zkouska — provedeni
Fig. 9 Fire test — execution
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Dobrovodsky stream (km 135.132), the sewer (km 135.580) and
the water supply in Ledenicka Street (km 136.096).

4.4 Fire resistance of the tunnel structure

Attention was paid to fire safety in the tunnel design. The most
important inputs:

¢ The Pohurka Tunnel is, as a cut and cover structure with a flat
upper slab, the first motorway tunnel of this type in the Czech
Republic. However, it is not clearly defined how to approach
the assessment of fire resistance.

* The risk of a “Major Fire” is once every 15 years — according
to the Risk Analysis of the Pohirka Tunnel [2].

* Itis necessary to check the load condition when the “retention
reservoir is filled and there is a fire in the tunnel” (Risk
Analysis of the Pohtirka Tunnel [2]).

For the design of the structure, it was important to know what
the fire scenario was (the course of the fire, the course of the
firefighters* intervention) and which temperature curve to choose.
After familiarizing themselves with the options, the ZTV-ING
temperature curve was adopted according to the German regulation
[5] (Fig. 8). Such a temperature curve in the tunnel is realistic,
provided that the intervention of the Fire Rescue Service (HZS)
can actually take place at the times assumed by the curve. This
was also positively discussed with the HZS of the South Bohemian
Region.

After this agreement on the temperature load of the structure, it
was necessary to demonstrate the resistance of the structure in a fire
according to the agreed temperature curve. It was immediately
obvious that reinforced concrete without further modifications
may not be able to withstand such a temperature load. Therefore,
polypropylene (PP) fiber additives were prescribed by design in
the most stressed parts of the supporting structure. A fire test of the
tunnel lining was carried out in the PAVUS, a.s. testing laboratory,
using three different types of concrete:

1. regular concrete without fibers;

2. fiber concrete with 1kg of PP fibers per m?;

3. fiber concrete with 2kg of PP fibers per m>.

The fire test (Fig. 9) demonstrated a significant
contribution of PP fibers to improving fire
resistance, to the same extent with the dose of
lkg/m? (sample 2) and with the dose of 2kg/m?
(sample 3). In both samples, the temperature of
the internal reinforcement did not exceed 400°C
with a 70mm cover.

From a technological point of view, it is
significantly easiertoproduce concrete with 1 kg/m?
(sample 2), while test samples 2 and 3 behaved
very similarly during the fire test. The 500°C
isotherm was located at a depth of 50mm below
the surface, and therefore the cross-section in
the static calculation was reduced by S0mm with
the selected reinforcement cover of 70mm. The
temperature at the location of the load-bearing
reinforcement reached a maximum of 327°C, and
therefore did not exceed 400°C. It was therefore
not necessary to reduce the load-bearing capacity
of the reinforcement elements in the static
calculation.

4.5 Tunnel construction process

The tunnel construction (Fig. 10) was carried
out in accordance with the phasing of excavations
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zdroj archiv Zakldddni staveb, a.s. source Zakldddni staveb, a.s. archive

Obr. 10 Rozestaveny tunel — pohled od Prahy, leden 2023
Fig. 10 Tunnel under construction — view from Prague, January 2023

Z technologického hlediska je vyznamné snazsi vyrabét beton and surface utility relocations (Dobrovodska and Ledenicka streets,

s 1 kg/m? (vzorek 2), pfi¢emZ zkuSebni vzorky 2 a 3 se béhem | Dobrovodsky stream, retention reservoir, sewerage, etc.).

pozarni zkousky chovaly velmi podobné. Izoterma 500 °C se na- After the drainage and base layers were laid, the foundation slab

chézela v hloubce 50 mm pod povrchem, a tedy prifez ve static- waterproofing with hard cover protection from concrete screed

kém vypoctu byl redukovan o 50 mm pii zvoleném kryti vyztuze was constructed and then the foundation slab was concreted

70 mm. Teplota v misté nosné vy-
ztuZe dosahovala ve svém maximu
327 °C, a tedy neprekrocila 400 °C.
Ve statickém vypoctu tak nebylo
nutné redukovat tnosnost vyztuz-
nych prvkda.

4.5 Postup vystavby

konstrukce tunelu

Vystavba tunelu (obr. 10) pro-
béhla v souladu s etapizaci vykopu
a prelozek na povrchu (Dobrovod-
ské a Ledenicka ulice, Dobrovodsky
potok, retencni nadrz, kanalizace
atp.).

Po zhotoveni drendznich a pod-
kladnich vrstev byla provedena hyd-
roizolace zdkladové desky s tvrdou
ochranou z betonové mazaniny a na
tu pak byla vybetonovédna zdklado-
véa deska. Nasledné byly zhotoveny
tfi monolitické podélné stény tu-
nelu a na né€ vybetonovand stropni
deska. Hydroizolace byla na stény

Obr. 11 Dokonceny tunel pred uvedenim do provozu
Fig. 11 Completed tunnel before commissioning
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Obr. 12 Dokonceny kaplicky portdl pri uvedeni do provozu
Fig. 12 Completed Kaplicky portal during commissioning

provedena jako kotvena z vnéj$iho povrchu. Stropni deska byla
taktéZ opatfena hydroizolacnim systémem s tvrdou ochranou.
Timto zplsobem vznikla ze vSech stran vodotésné izolovana kon-
strukce tunelu s ploSnym zaloZenim. Hydroizolace byla provedena
zPVC tl. 3 mm.

Prostor mezi pazenim stavebni jamy a konstrukci tunelu byl po
dokonceni nosné konstrukce vyplnén popilkovym stabilizatem
pevnosti cca 1 MPa. Tento stabilizat byl ukladan po etdzich tak,
aby mohly byt deaktivovany docasné pramencové kotvy paZeni.
Po zaliti a vytvrdnuti stabilizatu byly Stétovnice vytaZeny, resp.
vSechny, u kterych to bylo mozné. Nésledovalo provedeni defini-
tivnich zdsypu a preloZek na povrchu.

Nosna konstrukce (obr. 11) je rozdélena na 76 dilatacnich dilt
ruznych délek. VSechny pracovni a dilata¢ni spary byly provedeny
jako vodotésné.

4.6 Prazsky portal (severni)

Objekt prazského portalu ukoncuje hloubeny tunel v misté Dob-
rovodské ulice. Vlastni portdl vytvari prostor pro zpevnéné plochy
pfed vjezdem do tunelu v rozsahu cca km 135,000 az 135,096.
jizdy od Prahy je vpravo situovdn provozné technologicky objekt
(PTO), kde jsou mistnosti technologického vybaveni, lokalni pra-
coviste fizeni provozu v tunelu, sklady materialu, dstfedna mobil-
nich operatort a Cerpaci stanice. Objekt doCasné slouZi pro trvalou
obsluhu, po pfepojeni na nové fidici stfedisko tunelti bude slouZit
pouze jako zélozni. Jedna se o zdény objekt rozmérl cca 26 X
14 m a vysky 5 m.

Pred PTO je umisténa podzemni nadrZ pozarni vody a nadrz
odlucovace ropnych latek (ORL). V pravém rohu portalu (ve smeé-
ru stani¢eni délnice na jih) je umisténa Sachta odvodniovaci sto-
ky do Dobrovodského potoka. Volné zpevnéné plochy pred a za

PTO jsou urceny jako nastupni plochy IZS v pfipadé mimoradné
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on top of it. Subsequently, three
monolithic longitudinal walls of
the tunnel were built and the upper
slab was concreted on top of them.
The waterproofing was anchored on
the outer surface of the walls. The
upper slab was also provided with
waterproofing layers with hard cover
protection. In this way, a tunnel
structure with a flat foundation slab
was created that was waterproofed
on all sides. The waterproofing was
made of PVC, 3mm thick.

The space between the con-
struction pit retaining walls and
the tunnel structure was filled with
fly ash stabilizer with a strength
of approximately 1MPa after the
completion of the supporting
structure. This stabilizer was placed
in layers so that the temporary strand
anchors of the sheeting could be
deactivated. After the stabilizer was
poured and hardened, the sheet piles
were pulled out, or rather, most of
them where this was possible. This
was followed by the final backfilling

and utilities relocation.

The supporting structure (Fig. 11) is divided into 76 dilation
blocks of various lengths. All construction and dilation joints were
made waterproof.

4.6 Prague portal (Northern)

The Prague portal structure ends the cut and cover tunnel at
Dobrovodska Street. The portal creates space for paved areas
before the tunnel entrance in the range of approximately km
135.000 to 135.096. At its widest point, the area is up to 77m wide
(Fig. 12). In the direction of travel from Prague, the operational
and technological building (PTO) is located on the right, where
there are rooms for technological equipment, a local tunnel traffic
control facility, material warehouses, a mobile phone operator
exchange and a gas station. The building temporarily serves for
permanent operation; after tunnels being connected to the new
tunnel control center, it will serve only as a backup. It is a brick
building measuring approximately 26 x 14m and 5m high.

In front of the PTO is an underground fire water reservoir and
an oil separator (ORL) tank. In the right corner of the portal (in
the direction of the motorway chainage to the south) is a drainage
sewer shaft to the Dobrovodsky stream. The paved areas in front
of and behind the PTO are intended as emergency response areas
in the event of an emergency in the tunnel and for operation and
maintenance equipment. In the direction of Prague, when exiting
the tunnel, there is a widened area on the right, which merges into
the emergency exit lane. An underground contaminated water tank
is located in this area.

In addition to the aforementioned objects, two ground-level
fire water hydrants and SOS call cabinets are always located in
the area in front of the portal. Sewerage, drainage and water pipes
with inspection shafts and cable ducts with cable shafts for high-
current, low-current and communication cables are located below
the surface.
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udélosti v tunelu a pro techniku provozu a udrzby. Ve sméru do
Prahy, pfi vyjezdu z tunelu, je vpravo rozsifend plocha, precha-
zejici do odbocovaciho pruhu nouzového vyjezdu. V této plose je
situovana podzemni nadrZ kontaminovanych vod.

Kromé jmenovanych objektl jsou na plose pred porta-
lem umistény vzdy dva nadzemni hydranty pozZarniho vodovodu
a SOS hlasky. Pod povrchem jsou uloZena kanaliza¢ni, drenazni
a vodovodni potrubi s reviznimi Sachtami a kabelovody s kabelo-
vymi Sachtami pro silnoproudé, slaboproudé a sd€lovaci kabely.
Zajisteni jamy portdlu

Portdlové stény prazského portalu byly navrZeny jako trvalé
konstrukce v ptdorysném tvaru otevieného U. Tvori je kotve-
né konstruk¢éni podzemni stény tl. 800 mm a 1000 mm (PS80,
PS100) o hloubkéach 11,2-23,0 m. Vzhledem k tomu, Ze pfi hlou-
beni zapazené stavebni jamy portdlu tunelu po dokonceni pod-
zemnich stén v heterogennim prostedi by mohlo dojit k zastizeni
lokélnich zvodni se zvySenymi pritoky vody, byla v predstihu rea-
lizovéna tato opatfeni:

e pribé&zny hydrogeologicky monitoring sité Cerpacich a pozo-

rovacich studni;

e odvodiovaci Sachty a odvodiiovaci Stoly do Dobrovodského
potoka;

e jilostruskové pfi¢né tésnici clony, umisténé dle ocekavaného
vyskytu podzemni vody, realizované spolecné s podzemnimi
sténami;

e drendzni podzemni stény vyplnéné propustnym materidlem,
situované vné jamy portalu;

e podélné tésnici podzemni stény pro preruseni proudéni pod-
zemni vody do prostoru portilu a odclonéni moznych priisa-
ku;

 subhorizontalni odvodiovaci vrty, tstici do lice obkladu pod-
zemnich stén a do odvodiovacich rigol; voda z vrti byla
svedena do odvodnéni portalu a odvodiiovaci Stoly;

¢ plos$na drendZ portilu z kameniva do odvodiiovaci Stoly pro
minimalizaci vzlindni podzemni vody na zpevnéné plochy
a pro eliminaci rizika hydraulického prolomeni dna.

Smyslem téchto opatieni je systémové trvalé odvedeni pod-
zemnich vod z prostoru portélu, trvalé sniZeni hladiny podzemni
vody za rubem podzemnich stén na troven max. cca 4-5 m nad
niveletu délnice a dile minimalizace prunikd vody do konstrukc-
nich vrstev zpevnénych ploch pfi portélu a trvalé odvadéni prasa-
kovych vod odvodiiovaci Stolou.

4.7 Kaplicky portal (jizni)

Objekt kaplického portdlu je situovan v misté Ledenické ulice.
Délka portalové konstrukce na horni hrané zarezu je az cca 135 m.
Stény kaplického portalu jsou tvoreny kotvenymi konstrukénimi
podzemnimi sténami tl. 800 mm o hloubkach 11,2-18,2 m. Boky
jamy portélu jsou svahované, stejné jako u navazujici ¢asti dalnice
ve volném terénu. Na vlastni portal navazuje predportalové ote-
viena Cast se sjizdnou rampou a pfipojovacim nouzovym pruhem
z Ledenické ulice. Plocha je rozsifena pro nastup IZS a odstaveni
techniky provozu a udrzby. Na strané rozsifeni je umisténa pod-
zemni nadrz pozarni vody. Ostatni vybaveni je shodné s prazskym
portdlem (hydranty pozarniho vodovodu, SOS hlasky apod.).

4.8 Konstrukce vnitiniho vybaveni tunelu

Jedna se o obvyklé konstrukce chodniku, kabelovodu, Sachet,
Stérbinovych Zlabli a obrubniki, protipoZarnich dvefi v uniko-
vych prostupech, chranicek pro pri¢né prevedeni kabeld do stén
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Portal pit support

The portal walls of the Prague portal were designed as permanent
structures in the open U-shape in plan. They consist of anchored
structural underground walls 800mm and 1000mm thick (PS80,
PS100) with depths of 11.2-23.0m. Given that when excavating
the construction pit of the tunnel portal after completion of the
underground walls in a heterogeneous environment, local aquifers
with increased water inflows could be encountered, the following
measures were implemented in advance:

* continuous hydrogeological monitoring of the network of

pumping and observation wells;

 drainage shafts and drainage galleries to the Dobrovodsky
stream;

e clay slag transverse sealing curtains, located according to the
expected occurrence of groundwater, constructed together
with underground walls;

* drainage underground walls filled with permeable material,
located outside the portal pit;

* longitudinal sealing underground walls to interrupt the flow
of groundwater into the portal area and screen off possible
seepage;

* subhorizontal drainage drillholes, entering into the face of the
underground wall cladding and into drainage ditches; water
from the drillholes was led into the portal drainage and the
drainage gallery;

* surface area drainage of the portal made from aggregates to
drain into the drainage gallery to minimize the seepage of
groundwater onto the paved surfaces, and to eliminate the risk
of hydraulic fracturing of the bottom.

The purpose of these measures is to systematically and
permanently drain groundwater from the portal area, permanently
lower the groundwater level behind the underground walls to
a maximum level of approx. 4-5m above the highway grade and
further minimize water penetration into the structural layers of
the paved areas at the portal and permanently drain seepage water
through the drainage tunnel.

4.7 Kaplicky portal (southern)

The Kaplicky portal is located at Ledenicka Street. The length
of the portal structure at the upper edge of the cut is up to
approximately 135m. The walls of the Kaplicky portal are formed
by anchored structural underground walls 800mm thick with
depths of 11.2-18.2m. The sides of the portal pit are sloping, as
in the adjacent part of the motorway in open terrain. The portal is
connected to the pre-portal open part with a ramp and a connecting
emergency lane from Ledenicka Street. The area is expanded for
the arrival of the IRS and the parking of operation and maintenance
equipment. An underground fire water reservoir is located on the
side of the expansion. Other equipment is identical to the Prague
portal (fire water hydrants, SOS call cabinets, etc.).

4.8 Tunnel internal structures and facilities

These are the usual structures of walkways, cable ducts, shafts,
slotted channels and curbs, fire doors in escape passages, ducts for
transverse cable transfer to the walls and upper slab in the tunnel,
carriers for hanging traffic signs, SOS cabinets, etc. The tunnel
drainage is provided by a tunnel sewer with inspection shafts in the
tunnel walkway. The drainage pipe is placed in the tunnel bottom
slab. The drainage of the backup drains and slotted channels

is discharged into the sewer. The roadway in the tunnel is solid




a stropu v tunelu, nosnikil pro zavéseni dopravniho znaceni, SOS
kabiny atd. Odvodnéni tunelu je zajiSt€no tunelovou kanalizaci
s reviznimi Sachtami v chodniku tunelu. Potrubi odvodnéni je ulo-
Zeno v desce dna tunelu. Do kanalizace je zadsténo odvodnéni
pojistnych drendZzi a $térbinovych Zlabi. Vozovka v tunelu je tuha
cementobetonova. Jeji vrchni vrstvy byly poloZeny vcelku, Siro-

oy

kym finiSerem na celou §itku tunelové trouby.

4.9 2asypy

Zasypy nosné konstrukce tunelu byly provedeny po etapich
v ndvaznosti na dokonceni nosné konstrukce, hydroizolace a vy-
taZeni St€tovnic. V soub€hu se zasypy tunelu byly provadény pre-
lozky kanaliza¢nich stok jako soucést definitivnich uprav povrchu.
Hutnéné zasypy byly provadény z vytéZeného materidlu, ktery byl
na deponii tfidén podle vhodnosti uZiti do zasypl. Zemni téleso
zasypu dosahuje vysky az 6 m.

V kiizZeni konstrukci tunelu a Dobrovodského potoka bylo na-
vrzeno vyskové usporadani tak, aby presypany tubus dédlni¢niho
télesa vytvoril hraz reten¢ni nadrze. Zasypy zde byly provedeny
s narocnéj$imi pozadavky na kvalitu zdsypového materialu a hut-
néni. Tato hrdz vytvari prostor pro poldr a vodni nadrz. Soucasti
tohoto objektu byly i konstrukce pro definitivni prevedeni Dobro-
vodského potoka zpevnénym korytem a shybkou pod konstrukei
tunelu. Definitivni upravy povrchu terénu nad tunelem a okolo
portald a opérnych zdi jsou zakoncené zatravnénim.

5. BEZPECNOST V TUNELU A TECHNOLOGICKE
VYBAVENI

Tunel je v souladu s platnymi predpisy navrzen tak, aby se po-
kud mozno predeslo jakymkoli mimoradnym situacim. Ty vSak
nelze vyloucit Gplné, a tak je bezpecnost v tunelu zdsadné posou-
zena na dvé nejkritictéjsi navrhové situace — nehodu a poZar. Na
zéakladé tohoto posouzeni je urCena doba potiebna pro evakuaci
osob a tnikové cesty. Evakuace osob je podporovéana bezpe¢nost-
nimi systémy, které jsou nasledujici:

Vétrani — uvnitf tunelu zajistuje proudéni vzduchu proti sméru
unikajicich osob a pretlakové vétrani dnikovych cest.

Osvétleni — nouzové osvétleni rovnomérné osvétlujici tniko-
vé cesty. Svitidla nouzového osvétleni jsou instalovdna ve vysce
0,8 m nad chodniky, aby bylo zajiSténo jejich osvétleni i v pfipadé
zakoufeni tunelu.

Tunelovy rozhlas (¢i evakuaéni rozhlas) — zajistuje predavani
hlasovych povelt a informaci uZivatelim tunelu.

Bezpecnostni a orientacni znaceni — zajistuje vizualni infor-
mace o sméru uniku a o vstupech do tnikovych cest.

Pro ptipady poruchy vozidla ¢i nahlé zdravotni indispozice po-
sadky vozidla jsou tunely vybaveny bezpecnostnimi zélivy, v pfi-
padé tunelu Pohiirka pribéznym odstavnym pruhem, kde je mozné
s vozidlem bezpecné zastavit a nasledné pro privolani pomoci vy-
uzit SOS kabiny, které jsou rovnomérné rozmistény uvniti tunelu,
jakoZz i na vjezdech/vyjezdech. S jejich pomoci se Ize spojit s dis-
pecinkem tunelu, ktery je v provozu nonstop.

Pro zajisténi bezpecnosti provozu v tunelu a pro minimaliza-
ci Skod je stéZejni rychld a spolehliva detekce incidenti a pozZaru
s naslednym spusténim prednastavenych scénaiti opatfeni. Tato
detekce je prubézné zajiStovana kamerovym systémem s auto-
matickou videodetekci incidentl a pozaru, a také elektrickou po-
Zarni signalizaci (EPS).

U dalnic¢nich tuneli se stalo standardem, Ze jsou vybaveny sys-
témem pro Sifeni signalu mobilnich telefont uvnitf. Tak je tomu

34. rocnik - €. 2/2025

cement concrete slab. Its upper layers were laid in one piece, with
a wide paver over the entire width of the tunnel tube.

4.9 Backfilling

The backfilling of the tunnel supporting structure was carried
out in stages following the completion of the supporting structure,
waterproofing and sheet piles withdrawal. In parallel with the tunnel
backfilling, the sewers relocation was performed as part of the final
landscaping. The compacted backfill was made from excavated
material, which was sorted at the muck storage according to its
suitability for backfilling. The earth body of the backfill reaches
a height of up to 6m.

At the intersection of the tunnel and Dobrovodsky stream, the
backfill elevation was designed so that the backfilled tunnel would
create a retention reservoir dam. Backfilling here was carried out
with more demanding requirements for the quality of the backfill
material and compaction. This dam creates space for a polder and
a water reservoir. This facility also included structures for the
definitive transfer of the Dobrovodsky stream through artificial
trough and a siphon under the tunnel structure. The landscaping
above the tunnel and around the portals and retaining walls is
completed with grass implanting.

5. TUNNEL SAFETY AND TECHNOLOGICAL EQUIPMENT

In accordance with applicable regulations, the tunnel is designed
to prevent any emergency situations as much as possible. However,
they cannot be completely ruled out, so safety in the tunnel is
fundamentally assessed for the two most critical design situations
—an accident and a fire. Based on this assessment, the time required
for the evacuation of people and escape routes is determined.
Evacuation of people is facilitated by safety systems, which are
as follows:

Ventilation — inside the tunnel, it ensures air flow against the
direction of escaping people and positive pressure ventilation of
escape routes.

Lighting — emergency lighting evenly illuminating escape
routes. Emergency lighting fixtures are installed at a height of 0.8m
above the sidewalks to ensure their illumination even in the event
of smoke in the tunnel.

Tunnel radio (or evacuation radio) — ensures the transmission of
voice commands and information to tunnel users.

Safety and orientation markings — provides visual information
about the direction of escape and about the entrances to escape
routes.

In the event of a vehicle breakdown or sudden health indisposition
of the vehicle crew, the tunnels are equipped with emergency bays,
in the case of the Pohtirka tunnel with a continuous parking lane,
where it is possible to safely stop the vehicle and then use the SOS
cabinets to call for help, which are evenly distributed inside the
tunnel, as well as at the entrances/exits. They can be used to contact
the tunnel control room, which is in non-stop operation.

To ensure the traffic safety in the tunnel and to minimize
damage, the key is the rapid and reliable detection of incidents and
fires with the subsequent launch of preset scenarios of measures.
This detection is continuously ensured by a camera system with
automatic video detection of incidents and fires, as well as an
electric fire alarm (EPS).

It has become standard for highway tunnels to enable mobile
phone signals. This is also the case at Pohirka. However, from the
point of view of safety systems, this is not considered a key channel
for emergency communication. However, users are so adapted
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i na Pohirce. Z hlediska bezpecnostnich systémi se vSak tento
nepovaZzuje za stéZejni kandl nouzové komunikace. UZivatelé jsou
vSak na mobilni telefony a jejich moznosti natolik adaptovani, Ze
je to vétSinou prvni mozZnost, kterou v piipadé problému v tunelu
voli pro komunikaci s IZS.

V neposledni fadé je potieba nebezpeénym situacim predchazet.
Rozsifenym ne§varem, ktery zna¢né zvySuje riziko nehody, je pre-
kraCovani maximalni povolené rychlosti. Proto je zde instalovan
systém tsekového méreni rychlosti vozidel.

Dalsi systém pro zvySeni bezpecnosti je proménné dopravni
znaceni v predportidlovych tdsecich a uvnitf tunelu, vCetné pru-
hové signalizace pro fizeni dopravniho proudu a jizdy v pruzich.

Tunel Pohirka je, se svou délkou necely 1 km a uvaZzovanym
maximalnim dopravnim zatiZenim vice neZ 40 tisic vozidel denné,
zatazen do kategorie TA, tedy kategorie, ktera je z hlediska vyba-

Technologické a bezpecnostni vybaveni tunelu (viz téZ obr. 11)
bylo v pribéhu realizace prizpusobeno aktualnim trendim. Pu-
vodné bylo navrZeno pro rychlost jizdy vozidel 80 km/h, ackoliv
smérove a stavebné by tunel vyhovoval i pro rychlost vyssi. Obec-
né je v Ceské dalnicni siti snaha vyhledové zavést v tunelech ma-
ximdlni rychlost 100 km/h tam, kde to podminky dovoluji. Prvnim
takto provozovanym je tunel Valik na dalnici D5. Proto se v dubnu
2022 investor RSD rozhodl pro zménu — piipravu technologického
vybaveni tunelu Pohtirka na rychlost 100 km/h. To mélo dopad
zejména do navrhu osvétleni. ZkusSebni provoz byl zahijen s do-
volenou maximalni rychlosti 80 km/h, ale po cca dvou mésicich
byla pifiprava zirocena a tento limit zvySen na 100 km/h.

6. ZAVER

Vazeni Ctendfi, asi jste z Clanku pochopili, Ze ti, kdo prosli
navrhem a realizaci tunelu Pohtrka, nekraceli po cesté vedouci
nejkratsim smérem k cili. Popsané peripetie zmén navrhu ,,za po-
chodu‘ nebyly jednoduché a bohuZel prodlouZily i dobu realizace.
Jsme vSak presvédceni, Ze zprovoznény tunel je ve vysledku kva-
litnim dilem s perspektivou dlouhé Zivotnosti.

Prijezd tunelem trva zhruba 1,5 minuty. Tfeba si pritom vzpo-
menete na nékterou diivéj$i cestu na Linec, kdy jste postavali
v koloné pii prijezdu Ceskymi Budg&jovicemi.
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to mobile phones and their capabilities that it is usually the first
option they choose to communicate with the emergency services in
the event of a problem in the tunnel.

Last but not least, there is a need to prevent dangerous situations.
A widespread problem that significantly increases the risk of an
accident is exceeding the maximum permitted speed. Therefore,
a system of sectional speed measurement of vehicles has been
installed here.

Another system for increasing safety is variable message traffic
signs in the pre-portal sections and inside the tunnel, including lane
signaling for traffic flow control and lane driving.

The Pohtirka Tunnel, with its length of less than 1 km and an
expected maximum traffic load of more than 40 thousand vehicles
per day, is classified as TA, i.e. the category that is the most
demanding in terms of the tunnel safety systems equipment.

The technological and safety equipment of the tunnel (see also
Fig. 11) was adapted to current trends during the realization. It was
originally designed for a vehicle speed of 80km/h, although the
tunnel would be suitable for a higher speed in terms of alignment
direction and structurally. In general, there is an effort to introduce
a maximum speed of 100km/h in tunnels of the Czech motorway
network in the future where conditions allow. The first one to be
operated in this way is the Valik Tunnel on the D5 motorway.
Therefore, in April 2022, the investor RSD decided to make
a change — to install the technological equipment of the Pohtrka
tunnel to enable a speed of 100km/h. This had an impact, in
particular, on the lighting design. The test operation was started
with a maximum permitted speed of 80km/h, and after about two
months, the installations were repaid and this limit was increased
to 100km/h.

6. CONCLUSION

Dear readers, you probably understood from the article that those
who went through the design and construction of the Pohtrka
tunnel did not walk the shortest path to the goal. The described
vicissitudes and changes of the design “on the go” were not easy
and unfortunately extended the construction time. However, we
are convinced that the tunnel that has been put into operation is
ultimately a high-quality work with a long service life.

The passage through the tunnel takes about 1.5 minutes. Perhaps
you will remember an earlier trip to Linz, when you stood in
a queue while passing through Ceské Budé&jovice.
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