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PORTALY A HLOUBENE CASTI TUNELU BEROUN
PORTALS AND CUT&COVER SECTIONS OF BEROUN TUNNEL

PETR MAKASEK, PETR HAVLAN

ABSTRAKT

Cldnek se zabyvd reSenim portdlii tunelu na p¥ipravovaném Zeleznicnim spojeni mezi Prahou a Berounem. Jednd se o dva portdly na
tizemi Prahy — portdl Hlubocepy a portdl Branicky most a jeden portdl v blizkosti Berouna. Pro kaZdy 7z portdlii cldanek popisuje jeho umis-
téni, specifické podminky dané lokality, tvar a zajisténi stavebni jamy. Vzhledem k vyznamu této stavby jsou portdly reseny také z pohledu
architektury a jejich zakomponovdni do prislusné lokality. V ¢ldnku jsou pak zachyceny také vysledné portdlové konstrukce, které byly
pravé architektonickym ztvdrnénim vyrazné ovlivnény.

ABSTRACT

The paper describes the design and engineering solutions for the tunnel portals on the planned railway connection between Prague
and Beroun. There are two portals in the territory of Prague — the Hlubocepy portal and the Branicky Bridge portal, and one portal near
Beroun. The paper describes location of each portal, the specific conditions of the given location, the shape and support structures of the
construction pit. Given the importance of the project, the portals are also designed in line with the architectural perspective and their
integration into the respective location. The paper also captures the resulting portal structures, which were significantly influenced by the

architectural design.

uvob

U tunelt byva hlavnim tématem diskuse zejména celkovd kon-
cepce daného podzemniho dila, respektive zptisob realizace. Nic-
méné pro Berounsky tunel je velmi zajimavym tématem i technické
feSeni tunelovych portdl. V tomto pfipadé€ jde o portaly hned tii,
jejichz lokace v prazskych Hlubocepich, Malé Chuchli a nedaleko
mésta Berouna vyzaduje tfi rozdilna feSeni, reflektujici specifické
usporadani danych lokalit. Vzhledem k vyznamu a umisténi stavby
do technického navrhu zdsadn€ promlouva i poZadavek na archi-
tektonické ztvarnéni konstrukei.

1. PORTAL HLUBOCEPY

Hlavnim problémem na portalu Hlubocepy jsou prostorova ome-
zeni pro realizaci technického névrhu. Dv€ nové koleje do Berouna
zde musi podejit trat do Rudné, pro niZ se pocita se zdvoukolej-
nénim. Jednim ze zésadnich parametrti navrhu byla minimalizace
nickolejné vyluky trati na Rudnou. Prava kolej na Rudnou bude
posunuta do nové polohy bliZe k uli-

INTRODUCTION

In tunnelling, the main topic of discussion is usually the overall
concept of the given underground structure, or rather the construction
method. However, for the Beroun Tunnel, the technical solution
of the tunnel portals is also a very interesting topic. In this case,
there are three portals, whose locations in Prague’s Hlubocepy,
Mala Chuchle and near the town of Beroun require three different
solutions, reflecting the specific layout of the given locations. Given
the importance of the project location in the technical design, the
requirement for the architectural design of the structures is also
fundamental.

1. HLUBOCEPY PORTAL

The main challenge at the Hlubocepy portal are the space
constrains posing limitations for the technical design. The two new
railway tracks to Beroun must underpass the existing railway line to
Rudné, which is planned to change from single-track to double-track

ci Hlubocepska, leva potom plynule
nastoupé a prekiizi trasu do Berou-
na nad hloubenymi c¢astmi tunelu.
Rozpleteni koleji probihd v tésné
blizkosti tramvajové estakddy na
Barrandov, jejiz pilit omezuje moz-
nosti vedeni koleji do Rudné, a pod
soucasnou silni¢ni estakddou k Bar-
randovu. Zajmovou lokalitu v malé
hloubce podchazi stivajici kanali-
zacni stoka rozméru 2,6 m x 2,5 m
se spojovaci komorou (obr. 1).
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Stavebni jama

V portélovém tseku je trasa vedena
v prazském a zlichovském souvrst-
vi budovaném devonskymi vrstev-
natymi vapenci. Terén predmétné

oblasti je vyrazné uklonény, klesd  Fig. I Coordination 3D model
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severozapadnim smérem (od ulice K Barrandovu k ulici Hlubocep-
skd), s Cetnymi skalnimi vychozy v severovychodni ¢asti zajmové-
ho tzemi.

Stavebni jama je v celém rozsahu navrZena jako svahovana.
Vzhledem k morfologii terénu rozsah vykopt vyrazné nardsta ji-
hovychodnim smérem (tj. smérem k ulici K Barrandovu), s nejveétsi
vyskou svahu cca 21 m v severovychodni ¢asti v misté vyraznéjsi-
ho skalniho vychozu. Jihovychodni sténa je orientovana paralelné
s osou koleji, v pozicich pod budouci trovni findlnich zasypu je
navrzena v generdlnim sklonu 8 : 1 s do¢asnym zajiSténim hrebiky,
vyztuznymi sitémi a stifkanym betonem. Casti skalnich svahd nad
linii zpétnych zasypt budou feSeny jako trvalé ve sklonu 3 : 1 se
zajisténim hiebiky a sit€émi. Pouziti stiikaného betonu na ¢asti skal-
niho svahu viditelné po dokonceni findlnich terénnich tprav se ne-
pripousti. Koruna svahu obecné sleduje pfirozenou linii stavajiciho
terénu. Obé portilové stény na jihozdpadé jsou navrZzeny ve sklonu
8 : 1 s doc¢asnym zaji§t€nim stifkanym betonem a hiebiky. Prvky
zajisténi svahu budou voleny a uspotfadany tak, aby bylo mozno
realizovat razené tunely se specidlnimi predstihovymi opatienimi.

Atypicka razba

Z dtivodu postupného zanotfovani razenych tunelti do skalni stény
(smér tunelu je s ni téméf paralelni), a tedy nedostatecné horninové
masy v pravé ¢asti profilu, je nutné prvnich 36 metrt pravé tunelové
trouby (PTT) a 54 m levé tunelové trouby (LTT) doplnit dodate¢nym
opatfenim, které bude realizovano ze stavebni jdmy a umoZni bez-
pecné zarazeni do horninového masivu. Ve stavajici fazi projektu je
uvazovana Zelezobetonova sténa minimalni tloustky 1,5 m zaloZend
na mikropilotach a doplnéna kotvami. Technické feSeni bude defini-
tivné upraveno az na zakladé podrobného inZenyrskogeologického
pruzkumu. Atypicka razba je navrzena do takové vzdalenosti, kde
bude mocnost horninového masivu dostatecné pro standardni kot-
veni priméarniho osténi systémem radilnich kotev. Usek atypické
razby v PTT koliduje se stavajicim kanalizacnim fadem s komorou
(obr. 2). Opatieni atypické razby (mikropiloty) zde bude upraveno

a stoka s komorou budou podrobné monitorovany.

line. One of the essential parameters of the design was to minimize
the operation closure period of the Rudna line. The right track to
Rudné will be moved to a new position closer to Hlubocepska Street,
the left track will then smoothly ascend and cross the Beroun line
above the cut & cover tunnel. The tracks branching takes place in
close proximity to the tram elevated structure to Barrandov, whose
one pillar limits the space for the tracks running to Rudn4, and is also
under the road elevated structure to Barrandov. The site is uderpassed
at a shallow depth by an existing sewer measuring 2.6m x 2.5m with
a connection chamber (Fig. 1).

Construction pit

In the portal section, the alignment traverses the Prague and Zlichov
formations, formed by Devonian stratified limestones. The terrain
of the area is significantly inclined, descending in a northwesterly
direction (from K Barrandovu Street to HlubocCepska Street), with
numerous rock outcrops in the northeastern part of the area.

The entire construction pit is designed as a sloped pit. Due to the
morphology of the terrain, the extent of the excavations increases
significantly in the southeast direction (i.e. towards K Barrandovu
Street), with the deepest cut of approximately 21m in the northeast
part at the location of a more pronounced rock outcrop. The southeast
wall is oriented parallel to the track axis, in positions below the future
level of the final backfill it is designed in a general slope of 8:1 with
temporary support of soil nailing, reinforcing mesh and shotcrete.
Parts of the rock slopes above the backfill line will be designed as
permanent structures with a slope of 3:1 supported by soil nails and
mesh. The use of shotcrete on parts of the rock slope visible after the
completion of the final landscaping is not permitted. The crest of the
slope generally follows the line of the existing terrain. Both portal
walls on the southwest are designed at a slope of 8:1 with temporary
support of shotcrete and soil nails. The slope retaining support will
be selected and arranged to allow realization of bored tunnels with
special reinforcement measures in advance.
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Obr. 3 Vizualizace portdlu Hlubocepy
Fig. 3 Visualization of the Hlubocepy portal design

Hioubené tunely a galerie

Hloubené tunely jsou navrzeny jako jednokolejné ve sniZeném
profilu, ktery umoznuje pres hloubeny usek prevedeni koleji trati
smér Rudna. PTT je v celé délce 96 m od vjezdového portilu po
razeny portdl tunelu vedena v typické konstrukci hloubeného tune-
lu. Ta je navrZena obdélnikového tvaru s minimdlni tloustkou stén
900 mm a tloustkou stropu min. 700 mm. Svétld vySka nad TK
(temeno kolejnice) je 6,8 m, svétla Sitka je 7,2 m.

LTT je od vjezdového portdlu navrZzena jako oteviend galerie
délky 72 m, na kterou navazuje uzavieny profil hloubeného, re-
spektive presypaného tunelu délky 36 m. Tvar galerie byl upraven
na zdkladé architektonického navrhu, kdy leva sténa a stropni kon-
strukce ma shodny tvar s naslednym profilem hloubeného tunelu
a prava sténa je nahrazena sloupy o minimalnim prafezu 500 x
1600 mm, v osové vzdalenosti 3,0 m. Mezi sloupy je navrZena po-
délnd zidka do vySky 1,85 m nad TK. Stropni deska je ¢astecné
nahrazena trdmy o rozmérech 500 x 800 mm navazujici na sloupy
ve stejné osové vzdalenosti 3,0 m. Na portalu galerie je navrZena
konzola. Pro zajisténi kolejového spodku trati na Rudnou je na se-
vernim okraji a na portidlovych sténich hloubenych tunelt a galerie
LTT navrzena atika (obr. 3).

Definitivni osténi hloubeného tunelu i galerie bude z monoli-
tického Zelezobetonu s vazanou vyztuzi. Hloubené tunely jsou di-
latovany ve spéarach jednotlivych betonaznich blokt. Konstrukce
galerie LTT je rozd€lena na dva dilatacni celky. Predpoklada se
foliova izolace ukoncend na poslednim bloku hloubenych tuneld.
Konstrukce galerie bude provedena z betonu s omezenou hloubkou
prasaku a zaroven bude izolovana féliovou izolaci v mistech, kde
je presypana.

V prostoru za portilem PTT je mezi tunely navrZena technolo-
gicka mistnost, kterd bude slouzit jako rozvodna sdélovaciho zafi-
zeni. Jeji vnitfni pidorys je 5,40 m x 9,23 m, svétld vyska 6,13 m,
s podlahou v trovni tunelovych chodnikd. Vstup je navrZen z obou
tunelovych trub.

2. PORTAL BEROUN

Umisténi trvalého portélu do blizkosti opuSténého kamenolomu

v zataCce silnice II/116, frekventované spojnice Berouna a obce
Svaty Jan pod Skalou, vyZadovalo maximalné moZny posun mista
zahdjeni razby smérem k Berounu, aby bylo mozné provést trvalé
preloZeni této silnice nad razené tunely pres oblast kamenolomu.
Tento postup umozni vystavbu hloubenych ¢asti tunelt bez dalSiho
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Atypical tunnel excavation

Due to the gradual embedding of the
excavated tunnels into the rock face
(the tunnel direction is almost parallel
to it), and therefore insufficient rock
mass in the right part of the profile,
it is necessary to supplement the first
36m of the right tunnel tube (RTT)
and 54m of the left tunnel tube (LTT)
with an additional measure, which
will be realized from the construction
pit and will enable safe tunnel driving
into the massif. In the current phase
of the project, a reinforced concrete
wall of a minimum thickness of
1.5m founded on micropiles and
supplemented with anchors is being
considered. The technical design
will be finalized based on the results
of a detailed engineering-geological
survey.. Atypical tunnel excavation is
designed to a distance where the thickness of the rock mass will be
sufficient for standard anchoring of the primary lining with a system
of radial anchors. The section of atypical excavation in RTT collides
with the existing sewer line with a chamber (Fig. 2). The atypical
excavation measures (micropiles) will be modified here and the
sewer with the chamber will be monitored in detail.

Cut and cover tunnels and column galleries

Cut and cover tunnels are designed as single-track with a lower
high profile, which allows the Rudna line tracks to overpass the
cut and cover section. The RTT is designed as a typical cut and
cover tunnel structure for the entire length of 96m. It is designed
as a rectangle shape with a minimum wall thickness of 900mm and
a upper slab thickness of min. 700mm. The clear height above the
TOR (top of the rail) is 6.8m, the clear width is 7.2m.

The LTT is designed as an open gallery 72m long from the
entrance portal, and is connected to a closed profile of a cut and
cover or backfilled tunnel 36m long. The shape of the gallery was
based on the architectural design, where the left wall and ceiling
structure have the same shape as the subsequent profile of the cut
and cover tunnel and the right wall is replaced by columns with
a minimum cross-section of 500 x 1600mm, at a spacing of 3.0m.
A longitudinal wall is designed between the columns to a height
of 1.85m above the TOR. The upper slab is partially replaced by
beams measuring 500 x 800mm connecting to the columns at the
same spacing of 3.0m. A console is designed at the gallery portal. To
stabilize the track bed of the Rudn4 line, an attic is designed on the
northern edge and on the portal walls of the cut and cover tunnels
and the LTT gallery (Fig. 3).

The permanent lining of the cut and cover tunnel and gallery will
be made of cast concrete reinforced by rebars. The cut and cover
tunnels have movement joints between the concrete blocks. The LTT
gallery structure is divided into two dilation parts. Waterproofing
membrane is assumed to the end at the last block of the cut and
cover tunnels. The gallery structure will be made of concrete with
limited depth of penetration of water under pressure and will also use
waterproofing membrane in places where it is backfilled.

In the space behind the RTT portal, a technological roomis designed
between the tunnels, which will accommodate a communication
equipment switchboard. Its internal floor plan is 5.40m x 9.23m,
clear height 6.13m, with a floor at the level of the tunnel walkways.
The entrances are designed from both tunnel tubes.
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Obr. 4 Portdl Beroun — 3D koordinacni model Navisworks
Fig. 4 Beroun portal — 3D coordination model Navisworks

omezeni provozu na prelozené komunikaci a lepsi vedeni piistupo-
vych cest k definitivnimu portalu pro pfistup sloZek Integrovaného
zachranného systému (IZS). Pro zédsah ISZ je pozadovan pristup
z komunikace II/116 (U Ov¢ina), s moznosti pfistupu z obou stran
k portélu tunelu samostatné po obousmérnych komunikacich. Dal-
§imi faktory ovlivilujicimi usporadani pristupovych komunikaci,
a tim i geometrii portalu jako takového, jsou poZadované maximal-
ni podélné sklony vozovky a minimdlni poloméry zatdCeni techniky
IZS. Alternativné zvazovany pfistup od feky Berounky z komuni-
kace Na Ovc¢iné neni vhodny s ohledem na rozsah vyhlaseného
zaplavového uzemi feky (obr. 4).

Tunelovy portél je dle architektonického ndvrhu feSen ve tvaru
amfitedtru se zasypy portalovych stén ve sklonu 1 : 1 navazujicimi
na pristupové komunikace sjizdéjici k portalu. Technologicky ob-
jekt je umistén pod nasypy jizni komunikace a bude z né&j viditelna
pouze Celni sténa se vstupy.

Stavebni jama

V oblasti portalu bude trasa prochézet silurskym vulkanicko-se-
dimentarnim komplexem hornin, budovanym tufy, tufity a tufitic-
kymi bfidlicemi kopaninského souvrstvi, intruzivnimi a efuzivnimi
bazalty (diabasy, hyaloklastika, polStarové lavy) a jilovitymi a véap-
nitymi bfidlicemi s loznimi Zilami bazaltt litefiského souvrstvi.

TufHel

2. BEROUN PORTAL

The location of the permanent portal near the
abandoned quarry in the bend of road II/116,
a busy connection between Beroun and the
municipality of Svaty Jan pod Skalou, required
the maximum possible shift of the tunnels”
excavation start towards Beroun, in order to be
able to permanently relocate the road over the
excavated tunnels through the quarry area. This
shift will allow the construction of the cut and
cover parts of the tunnels without further traffic
restrictions on the relocated road and better
routing of access roads to the permanent portal
for access by the Integrated Rescue System
(IRS) units. For the IRS intervention, access
is required from road II/116 (U Ov¢ina), with
the possibility of access from both sides to the
tunnel portal separately on two-way roads.
Other factors influencing the location of access
roads, and thus the geometry of the portal as
such, are the required maximum longitudinal
road gradients and minimum turning radii of IRS equipment. The
alternative approach considered from the Berounka River from
the Na Ovciné road is not suitable with regard to the extent of the
declared floodplain of the river (Fig. 4).

According to the architectural design, the tunnel portal is designed
in the shape of an amphitheater with portal walls backfill at a 1:1
slope, connecting to the access roads leading down to the portal.
The technological facility is located under the embankments of the
southern road and only the front wall with the entrances will be
visible.

Construction pit

In the portal area, the alignment will pass through a Silurian
volcanic-sedimentary rock complex, built up of tuffs, tuffites and
tuffite schists of the Kopanina Formation, intrusive and effusive
basalts (diabases, hyaloclastics, pillow lavas) and clayey and
calcareous schists with basalt bedding veins of the Literi Formation.

The construction pit of the Beroun Portal includes excavations
and landscaping not only for the construction of the cut and cover
tunnels, but also for the breakthrough of tunnel boring machines
and for the construction of the IRS boarding area, access roads, the
railway superstructure body and the technological facility. At the
eastern end, the construction pit will follow the landscaping carried
out as part of the relocation of road II/116, and at the western end,

Obr. 5 Vizualizace portdlu Beroun
Fig. 5 Visualization of the Beroun portal design
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Obr. 6 Situace stavebni jamy portdlu Beroun
Fig. 6 Plan view of the construction pit of the Beroun portal

Stavebni jama objektu Portal Beroun zahrnuje vykopy a terénni
upravy nejen pro samotné vybudovani hloubenych tuneld, ale také
pro piijem razicich strojii a pro vystavbu nastupni plochy IZS, pfi-
stupovych komunikaci, télesa Zelezni¢niho svr§ku a technologic-
kého objektu. Na vychodnim konci bude stavebni jaima navazovat
na terénni Upravy provedené v ramci prelozky silnice II/116, na
zapadnim konci pak na terénni Upravy potfebné pro pfistupové ko-
munikace a vybudovéni pfechodové oblasti mostu (obr. 5).

Stavebni jama je feSena jako svahovand, v misté¢ hloubenych
tunelt ve sklonu 5 : 1 s do¢asnym zajiSténim stfikanym betonem
a hiebiky, vyskové rozd€lena dvéma lavicemi §ifky 2 m. Pfiblizné
na urovni definitivnich portald dochdzi k rozsifeni stavebni jamy
v oblasti severni stény a tpravé sklonuna 1 : 1, koruna svahu klesa
ve sméru stanieni ve sklonu 1 : 10 do tplného vymizeni. Stejné

tak dochézi k roz§iteni stavebni jamy v oblasti jizni stény pro umis-
téni technologického objektu. Sténa je kolem objektu navrzena jed-
notné ve sklonu 5 : 1 s doCasnym zajiSténim stiikanym betonem
a hiebiky, vyskové je rozd€lena lavici §itky 2 m. Pfiblizné od konce
technologického objektu je svah navrZen ve sklonu 1 : 1 s klesajici
korunou ve sméru staniceni, ve sklonu 1 : 10 do dplného vymize-
ni. Dno stavebni jamy je navrzeno v né€kolika vySkovych trovnich

the landscaping required for access roads and the construction of the
bridge transition area. (Fig. 5)
The construction pit is designed as a sloped pit, with a 5:1 slope

at the site of the cut and cover tunnels, with temporary support of
shotcrete and soil nails, divided in vertical by two benches 2m wide.
Approximately at the level of the definitive portals, the construction
pit is widened in the area of the northern wall and the slope is
adjusted to 1:1, the crest of the slope drops in the direction of the
chainage at a slope of 1:10 until it completely disappears. Similarly,
the construction pit is widened in the area of the southern wall in the
location of the technological object. The wall around the object has

uniform a slope of 5:1 with temporary support of shotcrete and nails,

divided in vertical by a bench 2m wide. Approximately from the end

of the technological object, the slope is 1:1 with a descending crest
in the direction of the chainage, at a slope of 1:10 until it completely
disappears. The bottom of the construction pit is designed in several
vertical levels according to the needs of individual construction
objects, with sloped transitions between them (Fig. 6).

Cut and cover tunnels

Both tunnel tubes are designed identically with a length of 24m.
The cross section of the cut and cover tunnel has horseshoe shape on
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podle potieb jednotlivych stavebnich
objektl, pfechody mezi nimi jsou fese-
ny svahovanim (obr. 6).

Hloubené tunely

Obé tunelové trouby jsou navrZe-
ny shodné v délce 24 m. Pri¢ny profil
hloubeného tunelu je navrzen podko-
vovitého tvaru se zaloZzenim na pasech.
Definitivni osténi hloubeného tunelu
bude z monolitického Zelezobetonu
s vazanou vyztuzi. Délka bloku betona-
Ze se predpoklada 12 m, vSechny bloky
budou realizovany z betonu s omeze-
nou hloubkou prusaku. Izolacni destnik
bude ukonceny na predposlednim bloku
hloubeného tunelu (tzn. pod zdsypem).
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Obr. 7 Vizualizace portdlu Branicky most

3. PORTAL BRANICKY MOST

Lokalita stavebni jamy se nachazi
v Nérodni pfirodni pamatce Barrandovské skdly a bezprostiedné
navazuje na piedpoli Branického mostu. Snaha o minimalizaci z4-
sahu do chranéného tizemi a souCasné snaha o co mozné nejveétsi
redukci vysky skalniho odfezu tak, aby jej bylo moZné realizovat
bézné dostupnou mechanizaci, vedla k co nejvétSimu posunu defini-
tivniho portalu tunelu smérem k mostu. Dal§im limitujicim faktorem
bylo vedeni koleji, které se muselo pfizptsobit pozici a rozmérim
nejblizsiho pilife Branického mostu. Zaroven architektonicky navrh
poZzadoval Sikmé odfiznuti portalii tunelu v souladu s morfologii sva-
hu, zajistujici minimalni vizudlni dopad stavebniho zasahu na okoli
(obr. 7).

Vyse zminéné pozadavky si vyzadaly atypické feSeni hloubenych
tuneli. Vzhledem ke sbihajicim se osam koleji smérem k mostu,
vznikd posunem polohy hloubenych tunelt nedostatek prostoru mezi
tunelovymi troubami. Plati to jak pro razbu (cca 1,1 m v misté do-
Casného portélu), tak pro realizaci hloubenych tuneld (Zadny prostor
v misté trvalého portalu), jejich betonaz, feseni izolaci a zpétného za-
sypu. Z diivodu co nejvice mozného vysunuti tunelu k mostu, a tedy
k paté skalniho svahu, je nutné portilovy pas zaloZit na desce. Vzhle-
dem k pozadovanému Sikmému odfezu Cela je portalovy blok dlouhy
az 21,2 m. To spolu nese zvySeni pracnosti s feSenim hydroizolace,
vyztuZe a betonédze (obr. 8).

Obr. 8 Portdl Branicky most — 3D koordinac¢ni model Navisworks
Fig. 8 Branicky Bridge portal — 3D coordination model Navisworks

Fig. 7 Visualization of the Branicky Bridge portal design

strip foundation. The permanent lining of the cut and cover tunnel
will be made of cast concrete reinforced by rebars. The length of
the pour blocks is expected to be 12m, all blocks will be made of
concrete with limited depth of penetration of water under pressure.
The waterproofing membrane will end on the penultimate block of
the cut and cover tunnel (i.e. under the backfill).

3. BRANICKY BRIDGE PORTAL

The construction pit is located in the Barrandovské Rocks National
Natural Monument and immediately connects to the approach slab
of the Branicky Bridge. The effort to minimize the impact in the
protected area and at the same time the effort to reduce the height
of the rock cut as much as possible so that it can be realized with
commonly available mechanization led to the greatest possible shift
of the definitive tunnel portal towards the bridge. Another critical
constraint was the track alignment, which had to be adapted to
the position and dimensions of the nearest Branicky Bridge pier.
Additionally, the architectural design required portal edges to be
inclined in accordance with the slope morphology to minimize
visual impact and integrate harmoniously with the surrounding
terrain. (Fig. 7).

The above-mentioned conditions required an atypical solution for
the excavated tunnels. Due to the converging
track axes running towards the bridge, the
shift of the cut and cover tunnels results in a
lack of space between the tunnel tubes. This
applies both to the tunnel boring (approx. 1.1m
at the temporary portal) and to the construction
of the cut and cover tunnels (no space at the
permanent portal), their casting, waterproofing
and backfilling. In order to extend the tunnel
as far as possible towards the bridge, and
thus towards the foot of the rock slope, it is
necessary to base the portal block on a slab.
Due to the required oblique cut-off of the portal
face, the portal block is up to 21.2m long. This
increases complexity of the waterproofing,
reinforcement and casting works (Fig. 8).

Construction pit
In the pit area, it is expected to encounter

slightly weathered clayey shales to claystones,



Stavebni jama

V oblasti jamy se predpoklada zastizeni mirné zvétralych jilovi-
tych bridlic az jilovcl, smérem od paty stavajiciho svahu postupny
prechod pres navétralé prachovce do piscitych hlin a jila nivy feky
Vltavy.

Stavebni jdma je navrZena jako svahovand, pfiblizné trojuhel-
nikového piidorysu, dno stavebni jamy je navrZeno ve sklonu ni-
velety koleje. Vzhledem k morfologii terénu rozsah vykopovych
praci vyrazné narista ve sméru staniceni, s nejveétsi vyskou svahu
(cca 25 m) v severozdpadnim rohu stavebni jamy. Skalni odfez je
navrzen ve sklonech stén 5 : 1 s do¢asnym zajiSténim stiikanym
betonem a hrebiky, po vySce rozdéleny dvéma lavicemi Sitky 2 m.
Casti svahu nad linii zp&tného zasypu budou feSeny jako trvalé
se zajisténim hiebiky a sitémi. Pouziti stfikaného betonu na Casti
skalniho svahu viditelné po dokonceni findlnich terénnich tprav
se nepiipousti. Podél jihovychodni linie, uzavirajici ptidorys sta-
vebni jamy, vykopy plynule prechazeji v terénni Gpravy vztaZené
k objektim Branického mostu (cca severni polovina jamy), v jizni
poloviné stavebni jamy jsou pak vykopy ve sklonu 1 : 1 navazany
na stavajici terén.

Z divodu ptibliZeni tunelovych trub v razené Casti, tedy v pod-
staté vymizeni horninového pilife, byla navrzena predrazba z pro-
storu stavebni jamy v podobé¢ stfedového tunelu, ve kterém bude
vybetonovan spolecny stfedovy pilit. Poté se vyrazi zarodky trafo-
vych tunelll o délce 30 m vyuZivajici tento pilif. AZ nasledné muze
dojit k prordZce tratovych tunelt do téchto zarodku.

Hloubené tunely

Portdlovy blok obou hloubenych tuneltt méd v navrhu spole¢nou
zakladovou desku tloustky 1,0 m, s maximéalni délkou v pravé paté
21,2 m a minimalni délkou v levé paté 9,3 m. Za portdlovym blo-
kem (smérem do tunelu) je v kazdé troubé navrzen blok hloubené-
ho tunelu délky 6 m zalozeny na pasech. Celkova vyska konstrukce
bude 9,55 m a svétla vyskanad TK 7,15 m. Sitka horni klenby bude
9,72 m (se zédkladovymi pasy 11,325 m). Tloustka horni klenby je
predpokldddna minimalné 600 mm. Definitivni osténi hloubeného
tunelu bude z monolitického Zelezobetonu s vdzanou vyztuZi. Por-
talovy blok je vyrazné€ vyztuzen z diivodu atypického tvaru, asyme-
trického zatiZeni a tvaru oteviené klenby. Vzhledem k délce bloku
je nutné vyrazné vyztuzeni také proti smrstovani betonu. VSechny
bloky budou realizovany z betonu s omezenou hloubkou priisaku.

ZAVER

Realizace tunelovych portala s sebou Casto nese mnoho koordi-
nacnich a technickych problému. Témér vzdy se jedna o stiet tech-
nického navrhu a pozadavki architektonicko-estetickych, navic ve
stisnéném prostoru. V piipadé Berounského tunelu musel projek-
tant na kazdém portdlu koordinovat fadu vstupli a vzajemné si od-
porujicich pozadavki. Diky zpracovani projektu ve 3D modelech

bylo mozné s uspéchem zapracovat veskeré pozadavky i v takto
slozitych mistnich podminkach.
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with a gradual transition from the foot of the existing slope through
weathered siltstones to sandy loams and clays of the Vltava River
floodplain.

The construction pit is sloped, approximately triangular in plan,
the bottom of the construction pit is designed in the slope of the
track alignment. Due to the morphology of the terrain, the volume
of excavation work increases significantly in the direction of the
chainage, with the greatest slope height (approx. 25m) in the
northwestern corner of the construction pit. The rock cut is designed
with wall slopes of 5:1 with temporary support of shotcrete and soil
nails, divided in vertical by two benches 2m wide. Parts of the slope
above the backfill level will be designed as permanent with support
of soil nails and nets. The use of shotcrete on parts of the rock slope
visible after the completion of the final landscaping is not permitted.
Along the southeastern end of the construction pit, the excavations
smoothly transition into landscaping of the Branicky Bridge
structures (approximately the northern half of the pit), while in the
southern half of the construction pit, the excavations are connected
to the existing terrain at a 1:1 slope.

Due to the reduction of distance between the tunnel tubes in the
bored section, i.e. the disappearance of the rock pillar between the
tubes, a pre-excavation of a central tunnel from the construction pit
area was proposed, in which a central pillar will be concreted. Then,
the 30m long track tunnels will be driven along the sides of the pillar.
Only then can the track tunnels will be allowed to break through into
the pre-excavated tunnel structure.

Cut and cover tunnels

The portal block of both cut and cover tunnels has a common
foundation slab of 1.0m thickness, with a maximum length at the
right foot of 21.2m and a minimum length at the left foot of 9.3m.
Behind the portal block (towards the tunnel), a 6m long cut and cover
tunnel block on strip foundation is designed in each tube. The total
height of the structure will be 9.55m and the clear height above the
TOR 7.15m. The width of the upper vault will be 9.72m (with strip
foundation 11.325m). The thickness of the upper vault is assumed
to be at least 600mm. The final lining of the cut & cover tunnel will
be made of cast concrete reinforced by rebars. The portal block is
heavily reinforced due to the atypical shape, asymmetric load and the
open vault shape. Given the length of the block, heavy reinforcement
is also necessary to minimize concrete shrinkage. All blocks will be
made of concrete with limited depth of penetration of water under
pressure.

CONCLUSION

The construction of tunnel portals often involves many coordination
and technical problems. It almost always involves a clash of
technical design and architectural and aesthetic requirements, and in
a confined space. In the case of the Beroun Tunnel, the designer had
to coordinate a number of inputs and contradictory requirements at
each portal. Thanks to the processing of the project in 3D models, it
was possible to successfully incorporate all the requirements even in
such complex local conditions.
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