32. rotnik - €. 2/2023
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PROJECT OF BARRIER-FREE ACCESS TO JIRIHO Z PODEBRAD
METRO STATION
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ABSTRAKT

Stanice metra Jirtho z Podébrad v Praze bude v blizké dobé dalsi stanici s dodatecné vybudovanym bezbariérovym pristupem. Ten bude
realizovdn v ramci celkové rekonstrukce stanice uvedené do provozu jiz v roce 1980 jako soucdst vuseku trasy IL.A. Novy pristup do stanice
bude zajistén soustavou hloubenych Sachet a raZenych chodeb, které propoji povrch se stdvajicim ndstupistém. Prdce na téchto objektech
byly zahdjeny 1. 9. 2021. Od 14. 1. 2023 je stanice priblizné na 10 mésicii uzaviena pro samotnou rekonstrukci vcetné praci na ndstupisti,
ve vestibulech a vymenu eskaldtori. Vliaky metra po tuto dobu stanici jen projiZdéji. Ndsledné bude provoz pro cestujici obnoven, pricem?
zprovoznéni nového bezbariérového zpFistupnéni se ocekdvd v pribéhu roku 2024. Cldnek se zaméiuje na ndvrh nového bezbariérového
pristupu do stanice z hlediska projektanta.

ABSTRACT

The Jiriho z Podébrad metro station in Prague will soon become another station with a subsequently built barrier-free access. The access
will be built as part of the overall reconstruction of the station, which was put into operation in 1980 as part of I.A alignment section.
The new access to the station will be provided by a system of excavated shafts and tunnel corridors that will connect the surface with
the existing platform. The access construction works began on 1/9/2021. From 1/14/2023 the station is being closed for approximately
10 months for the reconstruction, including the works on the platform, in the vestibules and replacement of escalators. Metro trains pass
through the station without stop during this time. Subsequently, the service for passengers will be restored, while the new barrier-free
access is expected to be put into operation in the course of 2024. The article focuses on the design of the new barrier-free access to the

station from the point of view of the designer.

uvob

Stanice Jifiho z Podébrad je situovéna, jak jiZ jeji ndzev napovi-
da, pod parkové upravenou plochou stejnojmenného namésti mést-
ské casti Praha 3. Lezi v hloubce cca 45 m pod terénem, v tésné
blizkosti kostela NejsvétéjSiho Srdce Pan€, narodni kulturni pamét-
ky, kterd byla v roce 2014 navrZena na zapis do seznamu Svéto-
vého dédictvi UNESCO. Samotna stanice je trojlodni, raZena se
segmentovym osténim prevazné ze Zelezobetonu. S podpovrcho-
vym vestibulem umisténym v prostoru kfizovatky ulic Vinohrad-
ska a Slavikova je nastupisté propojeno eskaldtorovym tunelem.
V soucasné dobé ma stanice jediny vystup na povrch, ten vSak neni
bezbariérovy.

Nové bezbariérové zpristupnéni je navrzeno pomoci dvou dvojic
vytahl s paralelnimi tinikovymi schodi$ti a mezilehlou podzemni
prestupni chodbou. Toto opatfeni propoji iroven nastupisté stanice
s urovni terénu. Vytahy vystupuji do minimalistického povrcho-
vého kiosku umisténého mezi ulici Vinohradska a kostel, unikové
schodisté je zakonceno zdvihacim poklopem. Zvolené netradi¢ni
feSeni vystupniho objektu bylo vyvolano pozadavky jiného projek-
tu — celkové revitalizace namésti Jifiho z Podébrad. Tento projekt
vyznamné ovlivnil navrh bezbariérového zpristupnéni jiz ve fazi
uzemniho fizeni.

Cela tvarove slozita stavba se skladé z oteviené pazené stavebni
jamy pro podpovrchovou ¢ast kiosku, ze které pokracuje dold raze-
na kruhova $achta S1 a navazujici systém raZenych tunelt v trovni
pfestupni chodby (UPCH). Z mista kfiZeni prestupnich chodeb je
déle hloubena dvojice obdélnikovych Sachet $2.1 a §2.2. Zavéred-
né propojeni se stfedni lodi stanice zajiStuje raZzeny tunel v Grovni
nastupisté (UN) (obr. 1 a 2).

INTRODUCTION

Jifiho z Podébrad station is situated, as its name suggests, under
the park area of the square of the same name in Prague 3 district. It
is in a depth of approx. 45m below the ground, in close proximity
to the Church of the Sacred Heart, a national cultural monument
which was in 2014 proposed for inclusion to the UNESCO World
Heritage List. The station is a three-arch structure with segmental
lining mainly made of reinforced concrete. The platform is
connected with an escalator tunnel to the underground vestibule
located at the intersection of Vinohradskd and Slavikova streets.
Currently, the station has only one exit to the surface which it is
not barrier-free.

The new barrier-free access is designed to use two pairs of
elevators with parallel escape staircase and an underground
transfer corridor. Those structures will connect the platform level
of the station with the ground level. The elevators go up to a small
building located between Vinohradska street and the church,
the escape staircase ends on the surface with a hatch door. The
non-traditional solution of chosen for the access structures was
prompted by the requirements of another project — the overall
revitalization of Jifiho z Podébrad square. This project significantly
influenced the proposal for barrier-free accessibility already at the
stage of land zoning management.

The whole structure, which has a complex shape, consists of
an open cut retained construction pit for the sub-surface part of
the elevator building, from which the excavated circular shaft S1
continues down to the adjoining system of excavated tunnels at the
level of the transfer corridor (UPCH). A pair of rectangular shafts
§2.1 and S2.2 is further excavated at the crossing with the transfer
corridors. The final connection to the central area of the station
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Obr. 1 Situace
Fig. 1 Layout

Zadavatelem stavby bezbariérového zpfistupnéni je Dopravni
podnik hlavniho mésta Prahy, technicky dozor pro investora za-
jistuje sdruzeni spolecnosti IDS a.s. a INFRAM a.s. Zhotovitelem
stavebnich praci je sdruZeni STRABAG a.s. — AZD Praha s.r.0. Au-
torem projektové dokumentace je METROPROJEKT Praha a.s.,
geotechnicky monitoring a pasportizaci dot¢enych objektt provadi
spolec¢nost INSET s.r.o.

Razby jsou provadény pomoci Nové rakouské tunelovaci meto-
dy (NRTM). V okamziku, kdy tento

is ensured by a tunnel driven at the
platform level (UN) (Figs. 1 and 2).

The owner of the barrier-free
accessibility construction is the Pra-
gue Public Transit Company, the
technical supervision for the investor
is provided by the joint venture of
companies IDS a.s. and INFRAM a.s.
The contractor is the joint venture of
STRABAG a.ss. — AZD Praha s.r.o.
The designer is METROPROJEKT
Praha a.s., the geotechnical moni-
toring and buildings survey is carried
out by INSET s.r.o.

Excavations are carried out
using the New Austrian Tunneling
Method (NATM). At the time this
article is published, waterproofing
and secondary lining works are
performed.

1 Ulice MileSovska
Milegovska street

GEOLOGICAL AND
HYDROGEOLOGICAL
CONDITIONS

The geological and hydrogeological conditions of the underground
structures were verified by a geotechnical investigation for the
preparation of design documentation for a building permit (DSP),
as part of which a 40m deep NV1 core borehole was realized with
pressiometric tests. Furthermore, soil, rock and water samples
were taken for laboratory tests and analyses. All available archival
documents were also used. The tender documentation was prepared
on the basis of the mentioned documents.

¢lanek vychazi, jsou v plném proudu
prace na hydroizolacich a sekundar-
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GEOLOGICKE
A HYDROGEOLOGICKE POMERY

Geologické a hydrogeologické po-
méry stavby byly ovéfeny geotech-
nickym prizkumem pro zpracovéni

projektové dokumentace pro staveb-

ni povoleni (DSP), v ramci které-
ho byl realizovéan jadrovy vrt NV1
hloubky 40 m s provedenim presio-
metrickych zkouSek. Dale byly ode-
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brany vzorky zemin, hornin a vod
k laboratornim zkouskam a rozbo-
rim. Byly rovnéz vyuzity veskeré
dostupné archivni materidly. Na
zakladé uvedenych podkladi byla
zpracovana i zadavaci dokumentace.
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proménlivou puklinovou zvodni, provrasnénim hornin a ddle moz-
nym naruSenim horninového masivu pfi vystavbé metra trasy I A.
ZastiZzeno je souvrstvi letenské v monoténnim vyvoji. Prevladaji
zde piscitoprachovité bridlice s pis¢itymi zavalky, misty s vrstvami
pevnych kifemennych piskovcll a kiemencil. Stupeti zvétrani skal-
niho masivu se s narlstajici hloubkou sniZuje od zcela zvétralé,
pres silné azZ mirné zvétralou a navétralou k zdravé nezvétralé bii-
dlici. Prizkumem byla indikovdna moznost tektonickych poruch
s vyplni jilu se stfipky bridlic mocnosti od 0,5 azZ do 3 m, max. 7 m.
Pokryvné ttvary jsou reprezentovany antropogennimi a deluvidl-
nimi sedimenty.

Hydrogeologické poméry jsou zavislé predevs§im na propustnosti
horninového prostiedi, morfologii terénu, geologickych pomérech
a velikosti zdroje podzemni vody. V zdjmovém tzemi byly pred-
pokladany dva typy zvodni. Podzemni voda vdzana na deluvialni
sedimenty s prulinovou propustnosti a zvoden ve skalnim prostie-
di s puklinovou propustnosti. V prizkumu vSak bylo potvrzeno
zvodnéni pouze ve skalnim podloZi a nasledny hydrogeologicky
monitoring zaznamenal velké zaklesnuti hladiny podzemni vody
vlivem dlouhodobého drendzniho vlivu stanice metra. Pfitoky byly
odhadovany malé i s ohledem na drendzni funkci stavajici stanice
a samotné trasy metra.

PASPORTIZACE A GEOTECHNICKY MONITORING

Pred zahdjenim prislusnych stavebnich praci byla provedena pa-
sportizace dotenych povrchovych i podzemnich objektll v z6né
mozného statického a dynamického deformacniho ovlivnéni stav-
bou, vcetné komunikaci a inZzenyrskych siti. Soucasti pasportizace
byla dokumentace a posouzeni aktudlniho stavebné-technického
stavu objektl, posouzeni a stanoveni dynamické odolnosti objekti
a jejich pripustného dynamického zatiZeni, a dile stanoveni pii-
pustnych hodnot deformacniho ovlivnéni objekt vystavbou raze-
ného dila (formou znaleckého posudku). Vysledky pasportizace
véetné stanovenych deformacnich statickych a dynamickych li-
miti byly zapracovany do realizacniho projektu stavby, projektu
trhacich praci i realiza¢niho projektu geomonitoringu. Soucasti
pasportizace je i pfipadna aktualizace pasportu béhem vystavby
a kone¢na repasportizace objekti po dokonceni stavby.

Pro minimalizaci negativniho ptsobeni indukovanych ucinkt
stavby na povrch, okolni zdstavbu, podzemni objekty a inZenyrské
sit€ probiha béhem vystavby geotechnicky monitoring (GTM), mé-
feni, sledovani a vyhodnocovani méfeni dotenych objektll. V ram-
ci GTM byla navrzena fada méfeni a sledovani. Jedna se o geolo-
gickou dokumentaci raZeb i hloubenych ¢asti, méfeni deformaci
novych razenych objekti i stavajicich stani¢nich tuneld metra, mé-
feni deformaci horninového masivu — extenzometr a inklinometr,
méfeni zatiZzeni ocelovych rozpér, hydrogeologickd méfeni, kont-
rola G¢inkl trhacich praci a méfeni hluku, méfeni deformaci sta-
vebni jamy a povrchu terénu, méreni deformaci a naklonu objektt
nadzemni zéstavby, sledovani rozvoje poruch objekti, méfeni trh-
lin a jejich zmén. GTM je zaméren predevsim na sledovéni kostela
Nejsvétéjsiho Srdce Pané a existujicich stani¢nich tunelti metra.

Pribéh praci GTM, jejich komplexnost, spravnou interpretaci
vysledkti méfeni a sledovani kontroluje na pravidelnych schiizkach
rada geotechnického monitoringu (RAMO), ktera je sloZena ze za-
stupct investora, zhotovitele, projektanta a zhotovitele GTM. Pro-
jektem byly stanoveny varovné stavy a opatfeni pii nestandardnim
vyvoji vysledkd méfeni. Pfi priznivém vyvoji méfeni byl optimali-
zovan projekt zajisténi raZenych ¢asti zapisy do stavebniho deniku.
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The bedrock consists of the rocks of the northeastern part of
the Ordovician Barrandien syncline. In general, the geological
conditions of the Ordovician bedrock in the construction area can
be characterized as complex, which is due to tectonic conditions,
variable aquifer in rock fractures, rock folds and further possible
disruption of the rock massif during the construction of the II A
metro line. Letenské Formation is encountered in a monotonous
development. Sandy-silty shale with sandy inclusions, and in places
layers of solid quartz sandstone and quartzite are predominate
here. The degree of weathering of the rock massif decreases with
increasing depth from completely weathered, through strongly to
slightly weathered and weathered to healthy unweathered shale.
The investigation indicated the possibility of tectonic faults
with clay filling of thickness from 0.5 to 3m, max. 7m, which
includes shale fragments. The cover formations are represented by
anthropogenic and deluvial sediments.

Hydrogeological conditions depend primarily on the permeability
of the rock environment, terrain morphology, geological conditions
and the size of the groundwater source. Two types of aquifers were
predicted in the area of interest. Groundwater bound to deluvial
sediments with permeability through ground pores and an aquifer
in a rock environment with permeability through rock fractures.
In the investigation, however, aquifer was confirmed only in the
bedrock, and the subsequent hydrogeological monitoring recorded
a large ground water table lowering due to the long-term drainage
effect of the metro station. The inflows were estimated to be small
even with regard to the drainage effect of the existing station and
the subway tunnels.

BUILDINGS SURVEY AND GEOTECHNICAL MONITORING

Prior to the start of the construction works, the surface and
underground structures in the potential static and dynamic
deformation zone induced by the construction, including roads
and utility networks, were surveyed. The survey included the
documentation and assessment of the current structural-technical
condition of the structures, the assessment and determination of the
dynamic resistance of the structures and their permissible dynamic
load, as well as the determination of the permissible values of
structures deformation resulting from the excavations (in the form of
an expert opinion). The results of survey, including the determined
static and dynamic deformation limits, were incorporated into the
detailed design, the blasting works design, and the detailed design
of geomonitoring. Part of the survey includes the possible update of
the survey during construction and the final survey of the structures
after the construction is completed.

In order to minimize the negative impact induced by the
construction on the surface, surrounding buildings, underground
structures and utility networks, geotechnical monitoring (GTM),
measurements, monitoring and evaluation of the measurements of
the affected structures take place during the construction. A number
of measurements and monitoring have been proposed under GTM.
This includes geological documentation of excavations and open
cuts, measurement of deformations of new excavated structures
and existing subway station tunnels, measurement of rock massif
deformations — extensometer and inclinometer, load measurement
of steel struts, hydrogeological measurements, control of blasting
effects and noise measurement, measurement of construction
pit deformations and of the terrain surface, measurement of
deformations and tilting of structures of above-ground structures,
monitoring the development of structures damages, measurement
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TECHNICKE RESENI

Stavebni jama a zafizeni stavenisté

Zarizeni stavenisté pro stavbu je umisténo v parkové plose jizni
Casti namésti, bliZze k ulici Vinohradskd s vjezdem z ulice Mile-
Sovska. Projektovana plocha zaboru 1760 m?* byla pro samotnou
realizaci omezena na 1680 m? z divodu zachovani dalsi zelené.
Stavenisté obklopuje stavebni jamu a je na ném umisténo veskeré
zdzemi pro realizaci stavby. S ohledem na zachovani Cistoty pri-
lehlych komunikaci byly veSkeré plochy vybetonovany. Smérem
k fadé domu v ulici Vinohradska byla navic vzty¢ena montovani
Zelezobetonova protihlukova zed.

Stavebni jama slouZi k hloubeni Sachty S1, razb& navazujicich
podzemnich konstrukci a zaroven k vystavbé definitivni konstrukce
hloubené casti vystupniho objektu. Jama je dvoustupiiové s prvni
urovni o rozmérech 15,6 x 18,9 m v hloubce cca 4,4 m pod terénem.
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Obr. 3 Hloubeni Sachty $1 ze dna stavebni jamy
Fig. 3 Excavation of shaft S1 from the bottom of the construction pit

Tuel

of cracks and their changes. GTM is primarily focused on moni-
toring the Church of the Sacred Heart and the existing metro station
tunnels.

The progress of GTM works, their complexity, the correct
interpretation of measurement and monitoring results are checked
at regular meetings by the geotechnical monitoring board (RAMO),
which is composed of representatives of the investor, contractor,
designer and contractor of GTM. The project established warning
levels and mitigation measures in case of non-standard development
of measurement results. In case of favorable development of the
measurements, the support of excavations was optimized by entries
in the construction site diary.

TECHNICAL SOLUTION

Construction pit and construction site layout

The construction site is located in the park area of the southern part
of the square, closer to Vinohradskd Street with the entrance from
Milesovska Street. The designed site area of 1760m? was limited to
1680m? for the construction in order to preserve additional green
areas. The construction site surrounds the construction pit and
includes all the construction facilities. With regard to maintaining
the adjacent roads clean, all site surfaces were concreted. In the
direction of the houses along Vinohradska Street, a prefabricated
reinforced concrete noise-proof wall was erected.

The construction pit is used for excavating shaft S1, for the
excavation of subsequent underground structures, and at the same
time for the construction of the final structure of the underground
part of the elevator building. The pit has two levels with the first
level measuring 15.6x18.9m at a depth of approx. 4.4m below
ground. The second level of the pit has the shape of a square with a
side length of 12.9m and its bottom lies at a depth of approx. 9.5m
below the ground.

The pit is supported by soldier piles with steel waling in three
elevations which are anchored by temporary cable anchors. In
addition, at the level of the pit bottom, the walls are braced by
a reinforced concrete slab. Soldier piles IPE 330 were designed
with a spacing of 1.7-1.9m and a maximum length of 11.5m, and
were fitted in 620mm diameter boreholes. The soldier pile toe was
concreted. The walings are continuous, formed by a pair of U 300
profiles. The cable anchors consists of 3—4 strands, maximum
length 14m.

Excavated structures

Shaft S1 is excavated from the bottom of the construction pit
to the level just below the transfer corridor (Figs. 3 and 4). It has
circular shape with a diameter of 12.6m and a depth of 21.7m.
Two technological classes (TT) NATM 4, 5a were proposed for
excavation. The primary lining is made of shotcrete SB C20/25,
350mm thick, reinforced in each round with a steel lattice girder
and two layers of reinforcing steel mesh 8/150x150mm. Support is
supplemented by steel self-drilling bolts 4 and 6m long and cement
grouted. According to the technological classes, the length of the
round is 1.5m, or 1.0m. A 6m long protective spiling umbrella was
implemented ahead of the face to secure the roof of the tunnel
break-out into the UPCH transfer corridor.

The UPCH transfer corridor serves to connect with both
elevator shafts S1, §2.2 and parallel escape staircases. Due to
space requirements, directional guidance and the need to make
side break-outs, it is made of five different profiles A, B, C, D
and E. All profiles have a horseshoe shape with an invert arch, but
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Obr. 4 Pohled na dno Sachty $1 pri razbé prestupni chodby UPCH

Fig. 4 View of the bottom of shaft S1 during the excavation of the UPCH transfer corridor

Druhd troven jdmy ma tvar ¢tverce se stranou délky 12,9 m a jeji
dno lezi v hloubce cca 9,5 m pod terénem.

Jama je zajiSténa zaporovym pazenim se tfemi fadami ocelovych
prevazek, které jsou kotveny doCasnymi pramencovymi kotvami.
V drovni dna jamy je navic provedeno rozepieni paZeni pomoci
Zelezobetonového prahu. Byly navrzeny zapory IPE 330 s rozteci
1,7-1,9 m a maximalni délkou 11,5 m, osazené do vrti priméru
620 mm. Pata zapor byla zabetonovana. Prevazky jsou pribézné,
tvorené dvojici profild U 300. Kotvy jsou 3—4 pramencové, maxi-
malni délky 14 m.

RaZené objekty

Sachta S1 je hloubena ze dna stavebni jamy do trovné tésné
pod pfestupni chodbou (obr. 3 a 4). Je kruhova s primérem 12,6 m
a hloubkou 21,7 m. Pro jeji razbu byly navrZeny dvé technologické
tfidy (TT) NRTM 4, 5a. Primarni osténi je ze stifkaného betonu SB
C20/25 tloustky 350 mm, vyztuZené v kazdém zabéru ocelovym
pfihradovym rdmem a dvéma polohami vyztuznych ocelovych siti
8/150x150 mm. Zajisténi je doplnéno ocelovymi samozavrtny-
mi svorniky délky 4 a 6 m s cementovou injektazi. Délka zabég-
ru je podle technologickych tiid 1,5 m, resp. 1,0 m. Pro zajisténi

Obr. 5 KriZeni raZenych profilii v UPCH
Fig. 5 Crossing of excavated profiles in UPCH
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different dimensions. The width of
the theoretical excavation reaches
7.5-9.7m, the height 7.0-8.8m. The
transfer corridor is led from shaft
S1 in the smallest profile A with an
oblique bend perpendicular to the
axis of the station, and at the end of
this section the corridor increases
to the size of profile B to make a
perpendicular turnout into profile
C. This profile, running parallel to
the station, subsequently passes into
profile D, which is equipped with
a double primary lining to allow
two short perpendicular break-outs
of profile E, located opposite each
other. This creates a crossing of
corridors (Fig. 5), which provides
sufficient space for excavating a pair
of shafts $2.1 and $2.2 into the rock
massif between the subway station tunnels. The total length of all
profiles of transfer corridor in UPCH reaches 72.5m.

All profiles of the transfer corridor were excavated using NATM
with heading and bench method. For the smallest profile A, TT
NRTM 3, 4, 5a were proposed, for the other profiles, due to the
size of the excavation, break-outs and the proximity to the church,
TT NRTM 4, 5a were proposed. The length of the round according
to the technological classes is top heading 1.5m, 1.3m and 1.0m,
in the bottom the round length is always double. The primary
lining is made of shotcrete SB C20/25 with a thickness of 300mm,
reinforced in each round with a steel lattice girder and two layers
of reinforcing steel mesh 8/150x150mm or 10/150x150mm and
additional rebar reinforcement. According to individual TTs, the
support is completed with steel self-drilling bolts 3 and 4m long
with cement grout. The roof and the ground ahead of the face
is reinforced by means of steel self-drilling spiles of 4m length
installed in every second round. For all break-outs, the previous
profile was always completely closed and a protective spile
umbrella 4 or 6m long was realized in advance. For profile E closest
to the church, the face steel self-drilling bolts were additionally
designed. The face bolts were also designed for all front walls in a
1.5%1.5m grid.

A pair of rectangular shafts S2.1
and $2.2 connects the UPCH and UN
levels. The larger staircase shaft S$2.1
has dimensions of 10.2x5.5m and a
total depth of 21.6m. The smaller
elevator shaft $2.2 with dimensions
of 5.7x4.3m is only 12.5m deep, as
its lower part forms an intersection
with the arch of the UN transfer
corridor.

Due to the position between the
existing station twin tunnels, only
the TT 5a class with a round of 1.0m
was designed for both shafts. The
lining is again made of shotcrete
SB C20/25 with a thickness of
300mm, this time reinforced in each
round with a frame made of rolled
HEB 200 profiles and two layers
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pristropi rozrazky prestupni chodby UPCH byl v pfedstihu realizo-
van ochranny jehlovy destnik délky 6 m.

Prestupni chodba UPCH slouzi k propojeni obou vytahovych
Sachet S1, §2.2 i paralelnich tnikovych schodist. Z divodu pro-
storovych narokt, smérového vedeni a nutnosti provadéni bo¢nich
rozrazek je tvorena péti riznymi profily A, B, C, D a E. VSechny
profily maji podkovovity tvar se spodni klenbou, avSak jiné roz-
méry. Sitka teoretického vyrubu dosahuje 7,5-9,7 m, vyska 7,0-
8,8 m. Smérové je prestupni chodba vedena od Sachty S1 v nej-
mensSim profilu A se Sikmym zalomenim kolmo na osu stanice a na
konci tohoto useku se chodba navySuje na profil B pro provedeni
kolmé rozrazky do profilu C. Tento profil vedeny rovnobéZné se
stanici nasledné prechazi do profilu D, ktery je opatfen dvojitym
primarnim osténim pro umoznéni dvou kratkych kolmych rozra-
zek profilu E, umisténych naproti sobé. Tim vznika kiiZeni chodeb
(obr. 5), které poskytuje dostatecny prostor pro hloubeni dvojice
Sachet §2.1 a §2.2 do horninového masivu mezi bo¢nimi stani¢ni-
mi tunely metra. Celkova délka vSech profilii prestupnich chodeb
v UPCH dosahuje 72,5 m.

Vsechny profily prestupni chodby byly razeny pomoci NRTM
s horizontalnim ¢lenénim vyrubu. Pro nejmensi profil A byly navr-
Zeny TT NRTM 3, 4, 5a, pro ostatni profily, vzhledem k velikosti
vyrubu, rozrazkdm a priblizovani se kostelu v nadlozi, pouze TT
NRTM 4, 5a. Délka zabéru podle technologickych trid je v kaloté
1,5m, 1,3 ma 1,0 m, ve dné vZdy dvojnasobek. Primarni osténi je
ze stiikaného betonu SB C20/25 tloustky 300 mm, vyztuzZené v kaz-
dém zabéru ocelovym piihradovym rdmem a dvéma polohami vy-
ztuznych ocelovych siti 8/150x150 mm, ptipadné 10/150x150 mm
a pridavnou prutovou vyztuzi. Podle jednotlivych TT je zajisténi
doplnéno ocelovymi samozavrtnymi svorniky délky 3 a 4 m s ce-
mentovou injektazi. Pristropi a predpoli Celby je zajiSténo pomoci
ocelovych samozavrtnych jehel délky 4 m osazovanych v kazdém
druhém zabéru. Pro vSechny rozrazky byl vZdy kompletné uzavien
predchozi profil a v piedstihu realizovan ochranny jehlovy destnik
délky 4 nebo 6 m. Pro profil E nejbliZe kostelu byly navic navrZzeny
&elbové ocelové samozavrtné svorniky. Celbové svorniky byly na-
vrzeny také pro vSechny celni stény v rastru 1,5x1,5 m.

Dvojice navazujicich obdélnikovych Sachet $2.1 a §2.2 spojuje
trovein UPCH a UN. VEtii schodisfova Sachta S$2.1 ma rozméry
10,2x5,5 m a celkovou hloubku 21,6 m. Mensi vytahova Sachta
S$2.2 s rozméry 5,7x4,3 m je hlubok4 pouze 12,5 m, protoZe jeji
spodni ¢ast tvori pranik s klenbou prestupni chodby v UN.

Vzhledem k poloze mezi stdvajicimi bo¢nimi stani¢nimi tune-
ly byla pro obé Sachty navrZena pouze jedna TT S5a se zabérem
1,0 m. Osténi je opét ze stiikaného betonu SB C20/25 tloustky
300 mm, vyztuZené tentokrit v kazdém zabéru rdmem z vélcova-
nych profild HEB 200 a dvéma polohami vyztuznych ocelovych
siti 8/150x150 mm. Vétsi Sachta S2.1 byla navic uprostied roze-
pfena v kazdém zdbéru rozpérou HEB 200 a ¢tyfmi trubnimi vzpé-
rami v rozich Sachty (obr. 6). V misté budouci rozraZky prestupni
chodby UN byly rozpéry nahrazeny kotvenim protéjsi stény. Pro
budouci rozraZku byl opét navrtan ochranny jehlovy destnik dopl-
nény masivnim do¢asnym ocelovym ramem z védlcovanych profili
HEB 300 rozepienym do proté&jsi st€ny Sachty. Tento ram je nej-
prve smontovan v rozsahu nutném pro razbu kaloty chodby UN
a nasledné je rozsifen smérem dold pro razbu celého profilu.

Béhem hloubeni obou Sachet byla rovnéz provadéna predbézna
opatfeni pro stabilizaci rozvolnéného masivu kolem stavajicich sta-
ni¢nich tunelti. V predstihu byly provadény cementové nizkotlaké
vypliiové injektaZe z Sachty S2.1 pfes samozavrtné jehly. Nisledng
se naskytla moZnost injektovani tohoto prostoru z boc¢nich tunelil

of reinforcing steel meshes 8/150x150mm. In addition, the larger
shaft S2.1 was braced in the middle in each round with HEB 200
strut and four pipe struts in the corners of the shaft (Fig. 6). At
the place of the future break-out in the UN transfer corridor, the
struts were replaced by the anchoring of the opposite wall. For
future excavation, a protective spile umbrella was again drilled,
supplemented by a massive temporary steel frame made of rolled
HEB 300 profiles, braced aginst the opposite wall of the shaft. This
frame is first assembled to the extent necessary for the excavation
of the top heading of the UN corridor and its legs are then extended
for the excavation of the entire profile.

During the excavation of both shafts, preliminary measures were
also taken to stabilize the loose massif around the existing station
tunnels. In advance, cement low-pressure filling injections were
carried out from shaft S2.1 via self-drilling spiles. Subsequently,
it became possible to inject this space from the side tunnels of the

Obr. 6 Hloubend Sachta S2.1
Fig. 6 Excavated shaft $2.1




stanice skrz segmentové osténi. Tento zpasob se ukdzal jako efek-
tivnéjsi.

Posledni razenou &asti spojujici Sachtu $2.1 s ¢elem stfedni lodé
nastupisté stanice je prestupni chodba v UN vedend rovnobézné
mezi bo¢nimi stani¢nimi tunely. V prevdzné délce 6,9 m je raZzena
v ovalném profilu G kvili snaze o zachovani co nejvétsiho celi-
ku horninového masivu mezi novym razenym dilem a stavajicimi
tunely. Nésleduje prechod na kruhovy profil H odpovidajici stfed-
nimu stani¢nimu tunelu pro bezpecné napojeni konstrukci a hyd-
roizolaci v délce 2,7 m.

Opét je navrzena razba pomoci NRTM v jedné TT 5a s horizon-
talnim ¢lenénim vyrubu, tentokrat bez pouziti trhacich praci vzhle-
dem k té€sné blizkosti stani¢nich tunell. Zajisténi je obdobné jako
u prestupni chodby v UPCH. AvSak vzhledem k umisténi profilu
mezi stani¢ni tunely a pfisnym limitim pro jejich maximéalni dovo-
lené deformace je navrzeno tuzsi osténi s tloustkou 400 mm, dvé-
ma vrstvami vyztuznych ocelovych siti 8/150x150 mm a pfiloz-
kami. Dale je doplnéna docasna protiklenba kaloty, kterd bude pfi
dobirdni dna nahrazena do¢asnymi ocelovymi rozpérami ve stejné
drovni. Kotveni a jehlovani je samozfejmé mozné pouze v prostoru
mezi stavajicimi tunely.

Postup razeb v misté priiniku Sachet $2.1, $2.2 a profilu G je na-
sledujici: nejprve je vyhloubena Sachta $2.1 do trovné kaloty pro-
filu G, pak cel4 Sachta $2.2 a po provedeni opatieni pro rozrazku je
v celé délce vyraZena kalota profild G a H véetné vybourani celni
zdi stanice. Nasleduje dohloubeni zbylé &4sti Sachty S2.1, rozsiteni
ramu HEB 300 a razba spodni klenby profild G a H vcéetné vybou-
rani zbytku Celni zdi.

Hydroizolace a definitivni osténi

Pro vSechny konstrukce je zvolen uzavieny systém mezilehlé
hydroizolace. Hydroizola¢ni souvrstvi je tvoieno folii z mékcené-
ho PVC tloustky 3 mm osazenou na ochrannou geotextilii. V roz-
sahu dna je folie seshora chranéna geotextilii a vrstvou betonu. Do
rové pasy s pojistnym systémem z injektaZnich hadicek, svedenych
do krabic na lici definitivniho osténi. Nova hydroizolace je kolem
prostupu do stanice vodotésné fixovana pfimo na Zelezobetonové
segmenty osténi stanice.

Definitivni osténi prestupnich chodeb i vSech Sachet je z monoli-
tického Zelezobetonu C30/37 XA2, XC2, provadéné do posuvného
bednéni. Bednéni musi byt variabilni, kviili mnoZstvi riznych pro-
§2.1, 82.2 a profilu G. Rozmisténi pracovnich spar bylo v realiza¢-
nim projektu upraveno podle uvaZovaného bednéni a pracovniho
postupu zhotovitele. Silné€ vyztuZena sténa v profilu A v UPCH pro
rucni tlakovy uzavér, ktery musi byt pri betonaZi podepien pomoc-
nymi ocelovymi profily, tvofi samostatny blok.

Vyztuzeni celé prestupni chodby v UN, vSech Sachet a také spod-
ni klenby a stén v prestupni chodbé UPCH je navrZeno z vazané
prutové ocelové vyztuze. Naproti tomu klenby a boky prestupni
chodby UPCH jsou vyztuzeny pomoci ocelovych siti a pfilozkami
z prutové armatury, které jsou fixovany na Ctyfprutové prihradové
ramy.

UPRAVY PROJEKTU BEHEM REALIZACE
Pro upresnéni inZenyrskogeologickych pomérti u objektu kostela
a mezi tubusy metra bylo projektem monitoringu v ramci vrtnych
praci pro osazeni extenzometru a inklinometru navrZzeno provedeni
dvou jadrovych vrti s jejich geologickou dokumentaci. Na rozdil
od pavodniho prizkumného vrtu NV1 oba nové vrty zaznamenaly
subvertikalni poruchy v okoli §achet $2.1 a §2.2 — zény tektonického
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station through the segmental lining. This method proved to be
more effective.

The last excavated part connecting shaft $2.1 with the front wall
of the station platform middle area is the transfer corridor in the
UN running parallel between the station tunnels. In the overall
length of 6.9m, it is excavated in an oval G profile due to the effort
to preserve as much of the rock massif as possible between the
new excavated part and the existing tunnels. This is followed by a
transition to a circular H profile corresponding to the central station
tunnel for safe connection of the structures and waterproofing in a
length of 2.7m.

Excavation using NATM heading and bench method in one TT
Sa class is again proposed, this time without the use of blasting
due to the close proximity of the station tunnels. The support is
similar to that of the transfer corridor in UPCH. However, due to
the location of the profile between the station tunnels and the strict
limits for their maximum permissible deformations, a stiffer lining
with a thickness of 400mm, two layers of reinforcing steel mesh
8/150x150mm and additional rebars is proposed. Furthermore, a
temporary lining in invert of the top heading is added, which will
be replaced by temporary steel struts at the same level when the
temporary invert lining is removed. Anchoring and spiling is of
course only possible in the space between the existing tunnels.

The excavation procedure at the intersection of shafts $2.1, §2.2
with profile G is as follows: first, shaft S2.1 is excavated to the
level of the top heading of profile G, then the entire shaft $2.2,
and then after taking measures for break-out, the top heading of
profiles G and H is excavated for its entire length, including the
demolition of the front wall of the station. This is followed by the
deepening of the remaining part of shaft S2.1, the extension of the
HEB 300 frame and the excavation of the invert of profiles G and
H, including the demolition of the rest of the front wall.

Waterproofing and final lining

A closed undrained system is designed for 360 degree water-
proofing protection of all structures. The waterproofing layer
consists of a 3mm thick PVC sheet membrane placed against
protecting layer of geotextile. In the bottom of excavation, the
membrane is also protected from above by a geotextile and a
by layer of concrete. In all construction and expansion joints,
external waterbars with a safety system of injection tubes that are
collected in the niches on the inner face of the final lining. A new
waterproofing is fixed directly to the reinforced concrete segments
of the station lining around break-out into the station.

The final lining of the transfer corridors and all shafts is made of
monolithic reinforced concrete C30/37 XA2, XC2, cast into sliding
formwork. The formwork must be adjustable, due to the number
of different profiles and crossings. The most complicated place is
again the area where shafts $2.1, $2.2 and profile G intersect. The
layout of the construction joints was adjusted in the detailed design
according to the considered formwork and the contractor’s work
procedure. The heavily reinforced wall in profile A in the UPCH
for a manual pressure door closure, which must be supported by
auxiliary steel profiles during concrete casting, forms a separate
block.

The reinforcement of the entire transfer corridor in UN, all shafts
as well as the invert arch and wall in the UPCH transfer corridor
is designed from rebar steel reinforcement. On the other hand, the
arches and walls of the UPCH transfer corridor are reinforced with
steel meshes and additional rebars, which are fixed to four-bar
lattice girders.
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poruseni. Pro oblast mezi tunely stanice indikovaly tyto vrty roz-
volnénou zénu horninového masivu s niZsi hodnotou RQD.

V ndvaznosti na tato zjisténi byly v realizacni dokumentaci upra-
veny geotechnické parametry pro navrh prestupni chodby UPCH,
obou spodnich Sachet $2.1 a §2.2 a propojovaci chodby v UN do
stanice. Vypocet taktéZ zohlednil pomé&rné prisné deformacni limi-
ty kostela a stani¢nich tuneltl stanovené v ramci jejich pasportizace
soudnim znalcem. Pfedev$im pro minimalizaci sedéani kostela bylo
v realizacnim projektu zesileno primérni osténi v UPCH. Je tfeba
zdlraznit, Ze nejkomplikovanéjsi misto raZeb, vynucené polohou
stanice metra Jifiho z Podébrad, se nachazi v malé piidorysné vzda-
lenosti pod 42 m vysokou véZi kostela.

Na zakladé€ novych informaci z inklinometrického a extenzomet-
rického vrtu byla provedena aktualizace statickych vypoctd dvojice
Sachet a propojovaci chodby v oblasti mezi stavajicimi tunely me-
tra. Vznikla tak nutnost novych masivnich dopliiujicich opatieni.
Tato opatieni se ve vypoctu ukdzala jako nutna nejen pro zajiSténi
stability novych razeb, ale rovnéz pro zajisténi bezpecného pro-
vozu stavajicich tunelil metra. Méla by vSak pfi realizaci vyrazny
dopad nejen na cenové navySeni, ale pfedev§im na zasadni pro-
dlouZeni doby stavebnich praci.

S ohledem na zavaZnost situace byly navrzeny dva dopliikové
prizkumné horizontalni jadrové vrty délky 16 m z cCela stavajici
stiedni lod¢ stanice s provedenim presiometrickych zkousek a s od-
bérem vzorkl hornin pro laboratorni zkouSky pro upfesnéni jejich
geotechnickych parametrii. Pokud by se zhorSené geotechnické
parametry potvrdily, bylo by tifeba trvat na dopliujicich opatte-
nich, specifikovat navySeni ceny a upravit harmonogram vystavby.
Pokud by ale doslo k zastizeni lepSich geotechnickych paramet-
10, bylo by mozné dopliiujici opatfeni zjednodusit nebo realizovat
pouze Castecné.

Na zédkladé vysledki terénnich i laboratornich zkousek a geolo-
gické dokumentace uvedené dvojice dodatecnych vrtd bylo pro-
vedeno inZenyrskogeologické zhodnoceni a upfesnéni geotech-
nickych parametrt horninového masivu. Hodnoty upiesnénych
parametrti leZi mezi hodnotami stanovenymi ptvodnim prizku-
mem a hodnotami odhadnutymi na zdklad¢ vrti pro inklinometr
a extenzometr, a to blize k t€mto minimalnim hodnotam. Po static-
kém prepoctu s upfesnénymi geotechnickymi parametry byl reali-
zacni projekt doplnén o opateni, kterd jiz nebyla tak masivni a ¢a-
sové narocnd. Jednalo se o preplatovani ocelovych rami HEB 200

s 1 R
Obr. 7 Rozpéry v priiniku Sachty $2.2 a profilu G
Fig. 7 Struts at the intersection of shaft $2.2 and profile G

MODIFICATIONS OF THE PROJECT DURING
CONSTRUCTION

In order to verify the engineering-geological conditions near the
church building and between the subway tubes, the monitoring
project as part of the drilling works for the installation of the
extensometer and inclinometer proposed the execution of two core
boreholes including their geological documentation. Unlike the
original exploratory borehole NV1, both new boreholes recorded
subvertical faults in the vicinity of shafts $2.1 and $2.2 — tectonic
fault zones. For the area between the tunnels of the station, these
boreholes indicated a loosened rock mass zone with a lower RQD
value.

Following these findings, the geotechnical parameters for the
design of the UPCH transfer corridor, both lower shafts §2.1 and
$2.2 and the connecting corridor in UN to the station were modified
in the detailed design documentation. The calculation also took into
account the relatively strict deformation limits of the church and
station tunnels identified by a forensic expert as part of the survey.
Above all, to minimize the settlement of the church, the primary
lining in the UPCH was strengthened in the detailed design. It
should be emphasized that the most complicated excavation site
was is in a short distance from the 42m high church tower as given
by the location of the Jifiho z Podébrad metro station,

Based on new information from the inclinometric and exten-
sometric borehole, the static calculations of the pair of shafts and
the connecting corridor in the area between the existing subway
tunnels were updated. This created the need for new massive
supplementary measures. These measures were shown by the cal-
culation to be necessary not only to ensure the stability of the new
excavations, but also to ensure the safe operation of the existing
metro tunnels. However, during construction, it would have a
significant impact not only on cost increase, but above all on a
fundamental extension of the construction work period.

In view of the seriousness of the situation, two additional
exploratory horizontal core boreholes of 16m length were
proposed from the front of the existing middle area of the station
with the performance of pressiometric tests and the collection of
rock samples for laboratory tests to specify their geotechnical
parameters. If the deteriorated geotechnical parameters were
confirmed, it would be necessary to insist on additional measures,
cost increase and modification of the
construction schedule. However, if
better geotechnical parameters were
found, additional measures could
be simplified or implemented only
partially.

Based on the results of field and
laboratory tests and the geological
documentation of the mentioned
pair of additional boreholes, an
engineering-geological
and specification of the geotechnical
parameters of the
was carried out. The values of the
specified parameters lie between
the values determined by the ori-
ginal investigation and the values
estimated from the inclinometer and
extensometer boreholes, closer to
these minimum values. After a static

evaluation

rock massif




Sachty §2.1 kolem budouciho otvoru pro rozrazku piestupni chodby
v UN, doplnéni docasnych Sikmych ocelovych rozpér u dna Sachty
§2.2 (obr. 7) a zesileni vyztuzeni piestupni chodby v UN. Reali-
zacni projekt rovnéz reagoval na vyrazn¢ veétsi tloustku Celni zdi
stiedni lodé stanice zjisténou pfi provadéni horizontalnich vrta.

STATICKE VYPOCTY
JelikoZ razby probihaly pomoci NRTM, bylo tfeba staticky po-

soudit jak vné&jsi (primarni) osténi, tak vnitini (sekundérni) osténi.

Navrh a posouzeni primérniho osténi vychazely z nutné mini-
malizace deformaci béhem razby v blizkosti kostela Nejsveétéjsi-
ho Srdce Pané v nadloZi a z diivodu situovani novych konstrukci
v urovni UN mezi stani¢ni tunely provozované trasy A metra.

Povolené vertikédlni deformace kostela byly znalcem sice stano-
veny na 15 mm spolu s maximalnim sklonem 1:500, avSak tento li-
mit predstavoval celkové sedani zptisobené nékolika dil¢imi vyruby.
Cely objekt bezbariérového zpiistupnéni je mozné charakterizovat
jako prostorové komplikovany se znaCnym mnoZstvim profild vy-
rubu s ohledem na kratkou délku razeb. Komplikovanost statického
feSeni byla dile umocnéna moZnym spolupiisobenim jednotlivych
dil¢ich rozrazek. Z celkového pohledu se tedy nejednalo o klasické
liniové dilo, nybrZ o nékolikairoviiovou trojrozmérnou podzemni
konstrukci. To bylo nutné pfi statickém navrhu zohlednit. Existovalo
nebezpeci, Ze povolené deformace kostela budou vycerpany jednim
dil¢im vyrubem a dalsi vyrub nebude mozné jiz provést bez rozséh-
lych stavebné-technickych opatfeni na konstrukci kostela.

Z geotechnického pohledu existovaly pred provedenim razeb
nejasnosti ohledné pevnostnich a pretvarnych parametrtt hornin
a ohledné existence poruchovych zén. Z toho diivodu byly vypocty
vybranych ¢asti projektu provadény az se tfemi sadami geotechnic-
kych parametrt, které byly separatné vyhodnocovany s ohledem na
mozné deformace masivu a zatiZeni priméarniho osténi.

Vypocet vnitinich sil v primarnim osténi byl proveden metodou
konec¢nych prvki (MKP) programem GEOS firmy Fine spol. s r.o.
Prostorova napjatost v masivu byla vzdy feSena jako dvojdimen-
ziondlni uloha s uvazovanim stavu rovinné deformace. Pro prevod
trojrozmérného stavu napjatosti do dvojrozmérného modelu byla
pouZita beta-metoda. Beta-metoda byla aplikovana jak pro Stoly,
tak i pro pticné fezy Sachet. Horninové prostfedi bylo uvazovino
jako nehomogenni, izotropni a pruzné-plastické s obalkou plasticity
podle Mohr-Coulomba. Pro vypocetni model byl zvolen navrhovy
pristup 2 (kombinace A1+M1+R2) dle CSN EN 1997-1-1. Podle
tohoto ndvrhového pristupu nedochazi k redukci geotechnickych
parametrt v modelu MKP, nybrz jsou nasledné zvétSovany vypo-
¢tené vnitini sily. Unosnost primarniho osténi pak byla posouzena
pro 3denni a 28denni stifkany beton.

Pro navrh sekunddrniho osténi jiz byly k dispozici presnéjsi
geotechnické informace zjiSténé pfi samotnych razbach. Proménli-
vost geotechnickych parametrd tak mohla byt pro navrh omezena.
Vypocet vnitinich sil v sekundarnim osténi pak byl provadén jed-
nak pomoci 2D modelu v programu MKP GEOS a jednak pomoci
programu Scia Engineer (spolecnosti SCIA CZ, s.r.0.). Parametry
horninového masivu byly v programu Scia simulovdany pomoci
Winklerovych konstant tuhosti podloZi. Kalibrace tuhosti byla pro-
vedena podle modelu MKP. Z modelu MKP bylo urceno i zatiZeni
horninovym tlakem do modelu Scia, které bylo ziskdno jako napéti
na kontaktu sekundarniho osténi po degradaci primarniho osténi.
V deskosténovém tfidimenzionalnim modelu v programu Scia pak
mohla byt podrobné studovidna vzdjemnd interakce jednotlivych
¢asti Zelezobetonych konstrukci a mohla tak byt realistiCtéji navr-
Zena potiebna vyztuz. PouZiti tfidimenziondlniho modelu bylo pro
navrh a posouzeni Zelezobetonovych prufezli nezbytné, jelikoz se
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verification with updated geotechnical parameters, the detailed
design was supplemented with measures that were no longer so
massive and time-consuming. This involved reinforcing the HEB
200 steel frames of the shaft S2.1 around the future opening of
the break-out of the transfer corridor in the UN, the addition of
temporary inclined steel struts at the bottom of the shaft $2.2
(Fig. 7) and the strengthening of the reinforcement of the transfer
corridor in the UN. The detailed design project also responded
to the significantly greater thickness of the frontal wall of the
middle station area encountered during the execution of horizontal
boreholes.

STATIC CALCULATIONS

As the project was excavated using NATM, both the outer
(primary) lining and the inner (secondary) lining had to be statically
verified.

The design and assessment of the primary lining was based on
the necessary minimization of deformations during the excavation
near the Church of the Sacred Heart in the overburden, and due
to the location of the new structures at the UN, also at the level
between the station tunnels operated by the A metro line.

The permitted vertical deformations of the church were
determined by the expert to be 15mm together with a maximum
slope of 1:500, but this limit represented the total settlement caused
by several partial excavation openings. The entire structure of
barrier-free access can be characterized as spatially complicated
with a considerable number of excavation profiles with regard to the
short length of excavations. The complexity of the static solution
was further enhanced by the possible interaction of individual
break-outs. From the overall point of view, it was not a classic linear
structure, but a multi-level three-dimensional underground structure.
This had to be taken into account during the static design. There was
a danger that the permitted deformations of the church would be
exhausted by one partial excavation, and further excavation would
no longer be possible without extensive construction-technical
measures realized in the structure of the church.

From a geotechnical point of view, there were uncertainties
regarding the strength and deformation parameters of the rocks and
the existence of fault zones before the excavations were carried out.
For that reason, the calculations of selected parts of the project were
carried out with up to three sets of geotechnical parameters, which
were evaluated separately with regard to possible deformations of
the massif and the load on the primary lining.

The calculation of internal forces in the primary lining was
carried out using the finite element method (FEM) with the
GEOS program, a product of Fine spol. s.r.o. Stress state in the
massif was always solved as a two-dimensional problem in a state
of plane deformation. The beta-method was used to convert the
three-dimensional stress state into a two-dimensional model. The
beta-method was applied both for tunnels and for cross-sections of
shafts. The rock environment was considered as inhomogeneous,
isotropic and elastic-plastic with Mohr-Coulomb failure criterion.
Design Approach 2 (combination A1+M1+R2) according to CSN
EN 1997-1-1 was chosen for the calculation model. According
to this design approach, the geotechnical parameters in the FEM
model are not factored, but safety factors are applied to calculated
internal forces. The primary lining strength was then assessed for
3-day and 28-day shotcrete.

For the design of the secondary lining, more accurate geotechnical
information obtained during the excavations was available. The
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pod kostelem Nejsvétéjsiho
Srdce Pané

UPCH: the plan view of
break-outs forming a cross
under the Church of the Sacred
Heart

variability of the geotechnical parameters could
thus be limited for the design. The calculation
of internal forces in the secondary lining was
then carried out using a 2D model of the MKP
GEOS program and using the Scia Engineer
program (SCIA CZ, s.r.o.). The parameters
of the rock mass were simulated in the Scia
program using the Winkler spring constants
of subsoil stiffness. Stiffness calibration was
performed by the FEM model. From the
FEM model, the rock pressure load was also
determined and used in the Scia model, which
was obtained as the stress at the contact of

UN: $achta 52.1 . .
the secondary lining after the degradation

se schodistém
UN: shaft 52.1

of the primary lining. In the Scia three-
with a staircase

dimensional model using plate elements, the
mutual interaction of the individual parts of the
reinforced concrete structures could be studied
indetail, and the necessary reinforcement could

Obr. 8 3D modely pro staticky vypocet sekunddrniho osténi
Fig. 8 3D models for the static calculation of the secondary lining

v pfipadé projektu bezbariérového zpristupnéni jednalo spise o troj-
rozmérnou vicedroviiovou podzemni konstrukei, nez o klasické li-
niové dilo, jak jiz bylo uvedeno vyse (obr. 8).

ZAVER

Projekt dodate¢ného razeného bezbariérového pfistupu do stani-
ce metra Jifiho z Podébrad opét potvrdil vysokou narocnost staveb
tohoto typu. Zde celou situaci jest€ komplikovala poloha nejslo-
Zit€jSiho mista razeb v té€sné blizkosti véZe kostela Nejsvétéjsiho
Srdce Pané, ktery je narodni kulturni pamatkou. DalSim kritickym
mistem byla razba velkych profild pfimo mezi provozovanymi
tunely metra, kde byla navic prizkumem indikovana rozvolnéna
z6na horninového masivu.

Na zakladé téchto vstupnich udaji a prisnych deformacnich li-
mith jak pro kostel, tak pro tunely metra, bylo navrZzeno pomérné
tuhé primarni osténi doplnéné jesteé dalsimi vyztuznymi prvky. Tato
zajiSténi komplikovala postup vystavby zhotovitele [1], av§ak byla
nezbytna pro bezpecny navrh razeb v danych podminkéch.

V pribéhu vystavby byly nakonec zastizeny lepsi geotechnické
poméry, nez se ¢ekalo. To bylo na jednu stranu pozitivni z hlediska
ovlivnéni kostela a objektli metra. Na stranu druhou lepsi geologic-
ké podminky spolu se seismickymi limity znamenaly niZSi Gcin-
nost trhacich praci a zpomaleni rychlosti raZeb. Z pohledu bezpec-
nosti provadéni tunelovych staveb je to vSak jisté ta lepsi varianta.
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thus be designed more realistically. The use of a
three-dimensional model was necessary for the
design and assessment of reinforced concrete
cross-sections, since in the barrier-free access
structure was a three-dimensional multi-level underground structure,
rather than a linear structure, as already mentioned above (Fig. 8).

CONCLUSION

The project of supplementary construction of barrier-free access
to the Jifiho z Podébrad metro station once again confirmed the
high demands of constructions of this type. Here, the whole
situation was further complicated by the location of the most
complex excavations in close proximity to the tower of the Church
of the Sacred Heart, which is a national cultural monument.
Another critical point was the excavation of large profiles directly
between the operating subway tunnels, where the investigation also
indicated a loosened zone of the rock massif.

On the basis of these input data and strict deformation limits for
both the church and the subway tunnels, a relatively rigid primary
wall was designed supplemented with additional reinforcing
elements. These safeguards complicated the contractor’s construc-
tion process [1], but were necessary for a safe excavation design in
the given conditions.

Better geotechnical conditions than expected were eventually
encountered during construction. On the one hand, this was positive
for protection of the church and the metro facilities. On the other
hand, better geological conditions together with seismic limits
meant a lower efficiency of blasting works and a slower excavation
speed. However, it was certainly the better option from the point of
view of tunnel construction safety.
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