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NAVRH, KONSTRUKCE A PROVOZ MOBILNIHO BEDNENI PRO
HLOUBENE TUNELY
DESIGN, STRUCTURE, AND OPERATION OF MOBILE FORMWORK
FOR CUT-AND-COVER TUNNELS

PETR BORTLIK

ABSTRAKT

Tento cldnek popisuje vyvoj, ndvrh a realizaci mobilniho bednéni pro hloubeny tunel v rdmci rekonstrukce dopravni infrastruktury.
Bednéni bylo navrZeno jako zcela novy prvek (,,z Cistého stolu*) s cilem vyrazné urychlit vystavbu a zdroveri splnit specifické poZadav-
ky zadavatele. Hlavnim cilem ndvrhu bylo minimalizovat potrebu rucni manipulace, zvysit efektivitu prdace a umoznit snadny presun
zarizeni mezi jednotlivymi tiseky tunelu bez nutnosti demontdze. Po dokonceni ndvrhu ndsledovala vyroba, funkcni zkousky a uvedeni
zarizeni do provozu. V rdmci provozniho ovéreni byla potvrzena tinosnost jednotlivych prvkit v souladu se statickym vypoctem. Soucdsti
projektu byla také montdZ zarizeni primo na misté instalace a jeho presun do druhého tunelového tubusu. Cely proces — od ndvrhu
pres vyrobu az po instalaci — byl realizovdn v casovém horizontu priblizné 8—10 mésicii, coZ predstavuje mimorddné rychlou realizaci
vzhledem k rozsahu a technické ndrocnosti zarizent.

ABSTRACT

This article describes the development, design, and realisation of mobile formwork for a cut-and-cover tunnel within the reconstruction
of transportation infrastructure. The formwork was designed as an entirely new component (“a blank canvas”) with the goal of
significantly improving the speed of construction and also to meet the specific requirements of the client. The main goal of the design
was to minimise the need for manual manipulation, increase work effectiveness, and facilitate easy relocation of the device between
individual sections of the tunnel without the need for disassembly. Following the completion of the design, the fabrication, functional
tests, and launching of the device ensued. Within operational verifications, the load-bearing capacity of individual elements was
confirmed to correlate with the static design. Also, a part of the project was the assembly of the device directly at the site of installation
and its relocation into the second tunnel tube. The entire process — from design, through fabrication to assembly — was realised in a time
frame of approximately 8—10 months, which represents an exceptionally fast realisation regarding the extent and technical nature of

the device.

uvoD

V poslednich letech dochazi v oblasti podzemniho stavitel-
stvi k vyraznému posunu smérem k vyssi efektivité, bezpecnosti
a technologické flexibilité. Zvlasté v méstském prostiedi, kde je
vystavba Casto omezena prostorem, ¢asem a prisnymi bezpec-
nostnimi predpisy, je nezbytné hledat inovativni feSeni, kterd
umozni zrychleni stavebnich procesti bez kompromist v oblasti
kvality a provozni spolehlivosti.

Jednim z takovych projekti je vyvoj mobilniho bednéni pro
hloubeny tunel v norském Oslu, ktery je soucasti rozsdhlé mo-
dernizace dopravni tepny E18. Jedna se o tunel dlouhy 460 m
s dvéma tunelovymi tubusy v kazdém sméru se ¢tyfmi jizdnimi
pruhy. Zadéni, které obdrZela spole¢nost OSTROJ a.s., predsta-
vovalo komplexni technickou vyzvu — navrhnout zafizeni, které
bude plné prizptisobeno specifickym podminkdm stavby, umozni
rychlou a bezpecnou betonéz stén i stropu v jednom kroku a zaro-
ven bude snadno premistitelné bez nutnosti demontédze.

Projekt byl od pocatku koncipovan jako vyvoj ,,z Cistého sto-
Iu®, bez pouziti existujicich systémovych feseni. To umoZnilo
navrhnout zatfizeni pfesné podle potieb zdkaznika, ale zaroven
kladlo vysoké naroky na konstruk¢éni kreativitu, vypoctovou pres-
nost a disledné testovani. Vysledkem je mobilni bednici systém
s vyskovou variabilitou v rozsahu 6-8 m, Sifkovou roztazitelnos-
ti a celkovymi pudorysnymi rozméry jednoho bloku 20 x 20 m,

INTRODUCTION

In recent years, a distinct shift towards higher efficiency, safety,
and technological flexibility has been happening in the field of
underground construction. Especially in urban areas, where
construction is often constricted by space, time, and stringent safety
regulations, it is vital to seek innovative solutions that facilitate the
acceleration of construction processes without compromises in the
areas of quality and operational reliability.

One of these projects is the development of a mobile formwork
system for a cut-and-cover tunnel in Oslo, Norway, which is a part
of an in-depth modernisation of the E18 arterial road. In question
is a 460m long tunnel with two tunnel tubes and four driving lanes
in each direction. The assignment received by the OSTROJ a.s.
Company posed a complex technical challenge — design a device
that will be fully adapted to specific conditions of the construction,
it will allow fast, safe concreting of the walls and even ceiling in
one step, and simultaneously it will be easily movable without the
need for disassembly.

The project was conceived from the get-go as a “blank
canvas” design without using existing system solutions. That
made it possible to design a device to precisely fit the needs of
the customer. However, it also made demands on construction
creativity, computing accuracy, and thorough testing. The result
is a mobile formwork system with vertical variability in the range
of 6-8m, lateral extendibility, and overall ground plan dimensions
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ktery byl navrZzen s dirazem na minimalizaci ru¢ni manipulace
a optimalizaci pracovnich procesu.

VesSkerd projektovd dokumentace tunelu byla zpracovdvdna
v prostfedi 3D modelovani s online pfistupem pro vSechny zu-
Castnéné strany. Tento pfistup umoznil pribézné sledovani vyvo-
je navrhu technologického zafizeni a operativnich reakci na jeho
zmény. Vyznamné tak prispél ke zvySeni efektivity projektovych
¢innosti a ke zlepSeni komunikace mezi projektantem a investo-
rem.

Tento ¢lanek popisuje cely proces navrhu, vypoctového ovéreni
a provozniho testovani zafizeni. Diraz je kladen na problémy,
které bylo nutné prekonat, a na inovativni piistupy, které umoz-
nily realizaci zafizeni v rekordné kritkém case. Projekt je pfi-
kladem dspéSného propojeni tradi¢nich technologii s modernimi
pozadavky na efektivitu a bezpecnost v oblasti vystavby hloube-
nych tuneld.

KDYZ SE TECHNIKA POTKA S INSPIRACI Z PODZEMI -
NAVRH KONSTRUKCE

V ramci navrhu mobilniho bednéni pro hloubeny tunel v Oslu
bylo zvoleno konstrukéné promyslené a zaroven praktické fesent,
které vychazelo z poZadavkil na snadnou manipulaci, provozni
flexibilitu a bezpecnost. Zakladni koncepce spocivala v rozdéleni
bednéni na dva samostatné dily, které pri betonadzi funguji jako je-
den celek. Toto rozhodnuti bylo u¢inéno na zdklad€ technickych
a logistickych omezeni — konstrukce o pudorysnych rozmérech
20 x 20 m by jako jeden celek nebyla efektivné manipulovatelna
ani prepravitelna.

Po definovani zédkladni koncepce nasledovala konstrukcni
faze, kterd se zaméfila na navrh nosné struktury a jeji podepreni.
Vzhledem k délce zafizeni bylo nutné navrhnout podpérny sys-
tém, ktery by minimalizoval potfebu ruc¢ni price a zarovei zajistil
dostatecnou stabilitu. Inspirace byla pfevzata z dilniho pramyslu,
konkrétn€ z technologie hydraulickych stojek, které OSTRO]J a.s.
vyrabi jiz po n€kolik desetileti. Tyto prvky byly adaptovany pro
pouZiti v bednicim systému, coZ predstavovalo inovativni pristup
v oblasti tunelového stavitelstvi. Na zdkladé vypoctt bylo stano-

veno, Ze pro cely systém bude zapotiebi 88 hydraulickych podpér.

Tuel

of one block of 20 x 20m, which was designed with the aim of
minimising manual manipulation and optimising work processes.

The entire project documentation for the tunnel was made in a 3D
modelling environment with online access to all the parties involved.
This access allowed continuous monitoring of the developing
design of the technological device and operational reactions to
its changes. Therefore, it significantly contributed to the increase
in effectiveness of project activities and to the improvement of
communication between the designer and the customer.

This article describes the entire design process, calculation
verification, and operation testing of the device. Emphasis is
put on problems that needed to be overcome, and on innovative
approaches, which facilitated the realisation of the device in
record time. The project is a case of a successful connection of
traditional technologies with modern requirements for efficiency
and safety in the area of cut-and-cover tunnel construction.

WHEN TECHNOLOGY MEETS INSPIRATION FROM THE
UNDERGROUND - STRUCTURE DESIGN

The chosen design for mobile formwork for a cut-and-cover
tunnel in Oslo was a structurally elaborate as well as practical
solution, which was based on the requirements for easy
manipulation, operational flexibility, and safety. The fundamental
conception resides in the separation of the formwork into two
standalone parts, which work as one unit during concreting.
This decision was made on the basis of technical and logistical
constraints — the structure with ground plan dimensions of 20 x 20m
would not be effectively controllable or movable as a whole.

After defining the basic conception, the construction phase
followed, which focused on the design of the load-bearing
structure and its support. Regarding the length of the device, it was
necessary to design a supporting system that would minimise the
need for manual labour, together with securing sufficient stability.
Inspiration was borrowed from the mining industry, specifically
from the technology of hydraulic struts, which OSTRO]J a.s. has
already been producing for decades. These components were
adapted for use in the formwork system, which represented an
innovative approach in the area of tunnel construction. Determined
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Obr. 1 Ndvrhovy koncept bednéni
Fig. 1 Formwork design concept
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Obr. 2 3D model zarizeni
Fig. 2 3D model of the device

Zatizeni bylo navrZeno s vySkovou variabilitou v rozsahu
6-8 m, kterou zajistuji hydraulické vélce. Sitkov4 roztaZitelnost
byla realizovdna pomoci vysuvnych stropnic podle mechanizo-
vanych vyztuzi b&Zné pouZivanych v diilnim prostredi v Ceské
republice, Polsku a na Slovensku. Tato konstrukcni flexibilita
umoziuje prizplisobeni zafizeni riznym geometriim tunelového
profilu.

on the basis of a calculation was, that for the entire system,
88 hydraulic struts will be needed.

The device was designed with a vertical variability ranging
from 6 to 8m, which is provided by hydraulic cylinders. Width
extendibility was realised thanks to girders telescoping along
powered roof supports commonly used in the mining environment
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Fig. 3 Max. deformation during concreting — 8mm
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samostatnymi voziky pohybujicimi se po kolejich (obr. 1 a 2).
Cely systém byl navrzen v souladu s platnymi evropskymi nor-
mami a standardy, proSel analyzami rizik a byl doplnén o veske-
rou potfebnou dokumentaci pro vydani ES prohlaSeni o shodé.
Soucésti dodavky je také navod k pouziti, seznam néhradnich dila
a kompletni vykresova dokumentace.

VYPOCTOVE RESENI BEDNENI

S ohledem na rozsah a komplexnost navrzeného zafizeni bylo
rozhodnuto provést dva nezavislé vypocty, které by vzdjemné
overily spravnost navrhu a poskytly relevantni vysledky odpo-
vidajici redlnému provozu. Prvnim krokem byl klasicky staticky
posudek, ktery slouzil jako zakladni ovéfeni tinosnosti a stability
konstrukce. Druhym, paralelné vedenym pfistupem, byla nume-
rickd simulace pomoci metody kone¢nych prvka (MKP) v pro-
gramu ANSYS (obr. 3), kterd umoznila detailni analyzu napéti
a deformaci v jednotlivych ¢astech konstrukce.

Vypoctova faze byla mimofadné niro¢nd jak z hlediska vypo-
Cetniho Casu, tak i volby vhodné velikosti vypocetnich elementi.
Kvili k velkému mnoZstvi konstrukénich prvkd bylo nezbytné
optimalizovat sit tak, aby vysledky nebyly zkresleny, ale zaroven
bylo mozné je ziskat v rozumném case.

Vzhledem k umisténi zafizeni v méstském hloubeném tunelu
bylo nutné zohlednit komplexni zatéZovaci stavy. Kromé vlast-
ni tihy konstrukce a zatiZeni Cerstvym betonem (cca 1200 tun)
bylo nutné uvazovat také zatiZzeni od armatury (cca 100 tun), za-
tizeni vétrem a snéhem, které jsou v dané lokalité¢ vyznamné,
a dale provozni zatiZeni vznikajici pfi manipulaci a presunu za-
fizeni. VSechny tyto hodnoty byly dile ndsobeny bezpecnostnim
koeficientem 1,5, coz vedlo k velmi vysokym navrhovym hod-
notam.

Cilem vypoctové Casti bylo zis-
kat vysledky, které se budou sho-
dovat v obou metodach vypoctu
a potvrdi tak spravnost navrhu. Po
zadani vSech okrajovych podminek
a zatézovacich stavl byly vysled-
ky napéti a deformaci v obou vypo-
Ctech témér totozné, coz potvrdilo
spravnost modelu i vstupnich para-
metri.

Zvlastni pozornost byla véno-
vana zatizeni podpérnych stojek
v maximalné vysunutém stavu, ne-
bot pravé zde je konstrukce nejvice
nachylna ke ztrate stability. Vysled-
ky vypoctl umoznily pfesné dimen-
zovani také téchto prvki a ovéfeni
jejich bezpecnosti.

Zatfizeni nebylo dimenzovéano
pouze na statické zatiZzeni b&hem
betondze, ale také na stabilitu pri
presunu a pii provozu ve vyskovych
urovnich 6 a 8 m. V téchto pripa-
dech bylo nutné zohlednit boc¢ni
zatizeni vétrem pusobici na velké
plochy sténového bednéni, které by
mohlo ovlivnit stabilitu celého sys-
tému.

TuNel

in the Czech Republic, Poland, and Slovakia. This design flexibility
enables the device to adapt to different tunnel profile geometries.

Another technical challenge was the suspension of wall
formwork, since the customer required an option of concurrent
concreting of the walls and the ceiling, which is not common
practice. After a series of consultations, a solution combining
system formwork controlled by hydraulic cylinders was chosen.
This solution is simple construction-wise, although it shows
lower stiffness, which was taken into account in the design and
calculations of the formwork.

Propulsion of the device is provided by a hydraulic generator
fitted with safety components and the option of remote monitoring
and programming. The device was designed so that it would be
fully functional even in winter conditions, which was indispensable
in regard to the location of the construction site.

The result of the construction design is a mobile formwork
system made up of two standalone carts moving on rails (Fig. 1
and 2). The entire system was designed in accordance with valid
European norms and standards. It passed risk analysis and was
supplemented by all the necessary documentation for the release
of a CE Conformity Declaration. The delivery also contains
a user manual, a list of spare parts, and the complete drawing
documentation.

FORMWORK COMPUTATIONAL SOLUTION

Regarding the extent and complexity of the designed device,
it was decided to carry out two independent calculations, which
would reciprocally verify the correctness of the design and
provide relevant results correlating to actual use. The first step was
a classic static analysis, which served as a fundamental verification
of the load-bearing capacity and stability of the structure. Second,

Fig. 4 Buckling test of a pedestal cylinder and tightness test
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Obr. 5 Kontrolni montdz a funkéni zkousky v OSTROJ a.s.
Fig. 5 Inspection assembly and functional tests at OSTROJ] a.s.

FUNKCNI ZKOUSKY ZARIZENIi

Pred samotnym uvedenim zafizeni do provozu byla provedena
fada funk¢nich a zatézovych zkousSek, jejichZ cilem bylo ovéfit
konstrukéni ndvrh, provozni spolehlivost a bezpecnost jednotli-
vych komponent. Zvlastni pozornost byla vénovana podpérnym
stojkam, které byly testovany na vzpér v maximalné vysunutém
stavu. Tato zkouska byla klicova pro ovéreni jejich nadimenzova-
ni vzhledem k ocekdvanému zatizeni (obr. 4).

Dalsi zkouSky se zaméfily na pokles pfi maximalnim zatiZe-
ni po dobu ustaveni zafizeni a na tésnost systému. Tyto parametry
jsou zasadni pro zajisténi dlouhodobé funkcnosti a bezpecnosti
zafizeni v provozu (obr. 4).

ZkuSebni montaz zafizeni (obr. 5) probihala ve dvou fazich.
V prvni fazi byla zkompletovana jedna polovina bednéni, nasledné
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a parallel run approach was
a numerical simulation using the
Finite Element Method (FEM) in
the ANSYS program (Fig. 3), which
facilitated detailed analysis of
stress and deformation in individual
sections of the structure.

The computation phase was
exceptionally demanding not only
from the viewpoint of computing
time, but also due to the choice of
appropriate of computing
elements. Regarding the large
amount of structural elements, it
was necessary to optimise the mesh
such that the results would not be
distorted, but simultaneously, that
the calculations would be carried

sizes

out in a reasonable time.

Given that the
located in an urban cut-and-cover
tunnel, it was necessary to take
into consideration complex load
states. Besides the dead load of the
structure and loading by fresh concrete (ca 1200 tons), it was also
vital to take into account reinforcement loads (ca 100 tons), wind
and snow loads, which are significant in the area, and then live
loads that arise during the manipulation and moving of the device.
All of these values were then multiplied by a factor of safety of
1.5, which led to very high design values.

The goal of the computational part was to gather results that
would correlate in both of the calculation methods and would
therefore confirm the correctness of the design. After inputting all of
the boundary conditions and load states, the results of stresses and
deformations in both calculations were nearly identical, confirming
the correctness of the model and even the input parameters.

Extra attention was given to loads of supporting struts in the
maximally extended state, since exactly here the structure is

device was

Obr. 6 Zarizeni pri betondZi tunelu Hovik v rdmci projektu modernizace silnice E18 v norském Oslu
Fig. 6 The device during concreting of the Hgvik tunnel within the E18 road modernisation project in Norwegian Oslo




34. rotnik - €. 4/2025

TuNel

| 3 | ;'.[
adderl

L RN TOOTEIR MRS ey 0 w8 ee== ] SESEN ENENST (AEREFL LR e o

Obr. 7 Zafizeni pFi betondZi ve vy$ce 8 metrii — tunel Hpvik v rdmci projektu modernizace silnice E18 v norském
Oslu
Fig. 7 The device during concreting at a height of 8 metres — the Hgvik tunnel within the E18 road modernisation
project in Norwegian Oslo

demontovédna a nahrazena druhou polovinou. Tento postup byl
zvolen z divodu prostorovych omezeni v montaZzni hale, které
neumoznovaly kompletni sestaveni celého systému najednou. Po
kazdé montaZzi byla provedena komplexni funk¢ni zkouska, zahr-
nujici ovéfeni vSech klicovych funkci — pojezdu, zvedani, stabi-
lity a ovladani.

Cely proces montdze probihal za pifisného dohledu technické-
ho tymu, ktery kontroloval, aby nedoslo k zaméné jednotlivych
dilt, dale presnost spoji a kompatibilitu komponent. Zatizeni
bylo nésledné rozloZeno na transportni celky, které byly navrzeny
tak, aby vyhovovaly rozmérovym a hmotnostnim limitim pro ka-
mionovou dopravu. Po prepravé byly jednotlivé Casti pripraveny
k findlni montdZi pfimo na stavenisti.

UVEDENI DO PROVOZU A OVERENI V REALNYCH
PODMINKACH

Po prepravé jednotlivych ¢asti zafizeni na staveniSt€ v Oslu
probéhla findlni montdZ dle pfedem stanoveného technologic-
kého postupu. Vzhledem k piisnym bezpecnostnim standardiim
platnym v severskych zemich, a zejména v Norsku, byla kladena
mimoradna pozornost na kazdy detail montaZze, manipulace i na-
sledného provozu. Rada pozadavkii byla feena jiz v pifpravné
fazi projektu tak, aby byl zajistén (plny) soulad s mistnimi pred-
pisy a oCekavanimi investora.

Nez mohlo byt zafizeni uvedeno do provozu, bylo nutné ab-
solvovat tfi klicové kroky, které predstavuji nezbytnou podminku
pro legéalni a bezpe¢ny provoz bedniciho systému:

¢ kontrola vykresové dokumentace;

e ovefeni statického vypoctu;

e fyzicka kontrola na mist¢ montaZze, zda zafizeni odpovida

schvalené dokumentaci a kontrola provozni dokumentace.

VSechny tyto kroky byly kontrolovidny nezavislou tfeti stra-
nou a po jejich uspésném absolvovani bylo zafizeni uvedeno do

s 2

provozu (obr. 6). Prvni betondZni blok byl podroben peclivému

most prone to loss of stability. The
calculation results enabled precise
design even of these elements and the
verification of their safety.

The device was designed not only
for static loads during concreting but
also for stability during relocation and
during operations in 6 and 8-metre
vertical levels. In these scenarios, it
was necessary to take into account
lateral wind loads acting on large
areas of the formwork wall, which
could have affected the stability of the
entire system.

DEVICE FUNCTIONAL TESTS

Before putting the device into
operation, a range of functional and
stress tests were carried out, their goal
being to confirm the structural design,
operational reliability, and safety of
individual components. Particular
attention was given to the supporting
struts, which were tested for buckling
in the maximally extended state. This
test was pivotal for the verification of
their design regarding the expected loads (Fig. 4).

Further tests focused on the deflection during maximum loading
throughout device stabilisation and on the tightness of the system.
These parameters are essential for long-term functionality and
safety of the device in operation (Fig. 4).

Trial assembly of the device (Fig. 5) was carried out in two
stages. In the first stage, one half of the formwork was completed,
subsequently dismantled, and replaced by the second half. This
procedure was chosen due to spatial constraints in the assembly
hall, which did not enable a complete assembly of the entire system
all at the same time. After each assembly, a complex functional
test was carried out, including verification of all key functions —
travelling, hoisting, stability, and controls.

The entire assembly process took place under strict supervision
of the technical team, which checked that a mix-up of individual
parts would not occur, then the precision of joints, and
compatibility of components. The device was then taken apart
into transport units, which were designed so that they would meet
dimensional and mass limits for lorry transport. After transport,
individual parts were prepared for final assembly directly on the
construction site.

COMMISSIONING AND VERIFYING IN REAL
CONDITIONS

After transporting individual parts of the device to the
construction site in Oslo, final assembly took place according
to a previously determined technological procedure. In regard to
strict safety standards valid in Nordic countries, and in particular
in Norway, extraordinary attention was given to each assembly
detail, manipulation, and even ensuing operation. A plethora of
requirements was addressed already in the preparation phase of
the project to secure (complete) concord with local regulations
and investor expectations.

Before the device could be put in service, three key steps that
pose an essential requirement for legal and safe operation of
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the formwork system needed to be
completed:

* drawing documentation checks;

* stress analysis verification;

e physical field inspection to
determine whether the device
corresponds to the approved
documentation and operation
documentation checks.

All of these steps were verified
by an independent third party, and
after their successful completion,
the device was put into service
(Fig. 6). The first concreting block
was subject to thorough monitoring
with the goal of checking, whether

the actual behaviour of the
structure corresponds to calculated
assumptions. Extra attention was

dedicated to loads of the supporting
struts and deflection of the structure.

Obr. 8 Prijezd bedniciho zafizeni pod mostem — pri¢ny pFesun zafizeni — v pozadi tunel Hovik v rdmci projektu
modernizace silnice E18 v norském Oslu
Fig. 8 Passing of the formwork device beneath a bridge — transverse relocation of the device — in the background,
the Hovik tunnel within the E18 road modernisation project in Norwegian Oslo

sledovani s cilem ovéfit, zda skute¢né chovani konstrukce odpo-
vida vypocétovym piedpokladim. Zvlastni pozornost byla véno-
véana zatiZeni podpérnych stojek a prihybu konstrukce. Vysledky
byly velmi uspokojivé — rozdil mezi vypoctem (8 mm — obr. 3)
a skutecnosti (5 mm) Cinil pouhé 3 mm, coZ je na délce 20 m
zcela zanedbatelna odchylka. I zatizeni podpér odpovidalo pred-
pokladanym hodnotdm, ¢imz byl ndvrh jednozna¢né potvrzen.

Jednim z vyznamnych technickych tdkolt byla realizace efek-
tivniho presunu zafizeni mezi jednotlivymi betonovacimi po-
zicemi. Presun byl realizovdan dvojici pracovnikd a zahrnoval
odbednéni, transport a pfesné ustaveni zafizeni v nové pozici.
Tento proces se podarilo standardizovat tak, Ze doba od odbedné-
ni po ustaveni zafizeni do nové pracovni polohy ¢inila ptiblizné
8 hodin. Tento ¢asovy ramec byl dosazen diky dusledné koordi-
naci ¢innosti, optimalizaci pracovnich postupd a plnému vyuzi-
ti moZnosti stroje. Pri pfesunu zafizeni neni potieba lidské sily
a vSe se déje pomoci hydraulického systému bez dalSi pomocné
mechanizace.

V nasledujicich fazich projektu bylo zafizeni podrobeno dal-
Simu ovéreni — tentokrat pfi betondzi o 2 m vySe, tzn. ve vysce
8 m (obr. 7). I v tomto pripadé byla konstrukce zkontrolovana
a vysledky opét potvrdily shodu mezi vypoctem a skutecnosti.
Zatizeni tak prokédzalo svou variabilitu, stabilitu a provozni spo-
lehlivost i pfi zménénych podminkach.

PRESUN ZARIZENi DO DRUHEHO TUNELOVEHO TUBUSU

Vzhledem k celkové hmotnosti zafizeni, kterd Cini pfibliz-
n¢ 300 tun, bylo nezbytné jiz v rané fazi ndvrhu zohlednit také
zpusob jeho presunu mezi jednotlivymi tunelovymi tubusy. Za-
dani investora znélo na prvni pohled jednoduse — po dokonceni
betondZe v prvni tunelové troubé mélo zafizeni projet zpét tune-

lem, nasledné byt pfi¢né presunuto pod mostni konstrukci a poté
najet do pripraveného druhého tunelového tubusu. V praxi vSak

Results were highly satisfactory —
the variance between the calculation
(8mm — Fig. 3) and reality (S5mm)
added up to only 3mm, which is an
entirely inconsequential deviation at a length of 20m. Even the
loading of struts corresponded to assumed values, thereby unequi-
vocally confirming the design.

One of the significant technical tasks was the realisation of an
effective relocation of the device between individual concreting
positions. The relocation was realised by a couple of workers and
it included formwork striking, transportation, and precise setup
of the device in a new position. It was managed to standardise
this process such that the time from striking to device set up in
a new working location added up to approximately 8 hours. This
timeframe was achieved thanks to a thorough coordination of
operations, optimisation of working procedures, and utilising the
full potential of the machine. During relocations of the device,
human strength is not needed, and everything happens thanks to
a hydraulic system without the need for further supplementary
mechanisation.

In further phases of the project, the device was put through
additional verifications — this time during concreting 2 metres
higher, i.e. at a height of 8m (Fig. 7). Even in this instance,
the structure was checked and the results once again validated
an agreement between the calculation and reality. The device
therefore proved its variability, stability, and operational reliability
even during altered conditions.

DEVICE RELOCATION INTO A SECOND TUNNEL TUBE

Given the fact that the total weight of the device amounts to
approximately 300 tons, it was necessary to take into account the
means of its transport between individual tunnel tubes already in
the early phases of the design. The task of the investor looked
simple at first glance — after completing concreting in the first
tunnel tube, the device was supposed to travel backwards through
the tunnel, transversely move beneath a bridge structure, and
finally drive into the prepared second tunnel tube. However,
in practice, this assignment posed a significantly complicated
logistical and technical operation.
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tento ukol predstavoval znacné sloZitou logistickou a technickou
operaci.

Pred samotnym pfesunem bylo nutné zpracovat detailni projekt
pfesunu zafizeni, ktery zohledfioval nejen prostorové moZnosti
staveniSté, ale také aktualni dopravni situaci v okoli, statické pa-
rametry mostni konstrukce a bezpecnostni opatteni. Béhem pfi-
pravy arealizace presunu projektanti celili nékolika komplikacim,
které bylo nutné fesit operativné pfimo na misté.

Nejvétsi vyzvou bylo prijezdné misto pod mostem, kde byla
mezi horni ¢asti zafizeni a spodni hranou mostni konstrukce me-
zera pouze cca 10 mm (obr. 8). Vzhledem k této minimalni vili
a omezenému manipulacnimu prostoru v okoli nebylo mozné za-
fizeni vyraznéji posouvat ¢i vySkoveé upravovat — cely manévr tak
probihal doslova s milimetrovou piesnosti.

Samotny presun trval pfiblizn€ tii dny. Celkem bylo s obéma
zafizenimi ujeto cca 1,2 km (dohromady tfi pracovnici, z divodu
posunu koleji). Pfesun zahrnoval nejen piejezd, ale také nasled-
né dokoncovaci montdZe a ustaveni zafizeni v nové poloze. Diky
dakladné priprave, presné koordinaci a zkuSenostem realiza¢niho
tymu probéhl cely proces bez komplikaci a v souladu s harmono-
gramem stavby.

Vyhody oproti systémovému bednéni:

* rychlost pracovniho cyklu (1 blok);

¢ jednoduchost obsluhy;

e vyrazn€ mensi potfeba pracovniki;

* mensi naroky na strojni mechanizaci;

e kvalita povrchu betonu — ocelovd obalka;

¢ eliminace nutnosti vymeény preklizky po nékolika betonova-

cich cyklech;

e odbourdni nakladd na opravu a ¢i$téni bednéni.

ZAVER

Projekt vyvoje a realizace mobilniho bednéni pro hloubeny
tunel v Oslu predstavuje priklad dspé€Sného spojeni inZenyrské
kreativity, technické preciznosti a schopnosti pfizplsobit se spe-
cifickym pozadavkiim narocného stavebniho prostfedi. Od poca-
te¢niho navrhu ,,z ¢istého stolu* az po uvedeni zafizeni do provozu
a jeho nasledny presun do druhého tunelového tubusu byl cely
proces veden s dirazem na bezpecnost, efektivitu a provozni spo-
lehlivost.

Zatizeni bylo navrzeno jako plné variabilni systém s mozZnosti
vyskového a sitkového nastaveni a snadného presunu bez nutnos-
ti demontaze. Statické posouzeni provedené dvéma nezavislymi
metodami potvrdilo spravnost ndvrhu a umoznilo presné dimen-
zovani vSech klicovych prvka.

Funk¢ni zkousky a provozni ovéreni pak prokazaly, Ze zafizeni
spliiuje nejen technické, ale i provozni a bezpecnostni pozadavky
v plném rozsahu.

Uspé&sné zvladnuti tohoto projektu potvrzuje, Ze i v oblasti tu-
nelového stavitelstvi je mozné hledat nova, efektivni a inovativni
feSeni, kterd pfinaseji pfidanou hodnotu jak z hlediska casu, tak
i ndkladli a bezpecnosti. Mobilni bednéni vyvinuté spolecnosti
OSTROJ a.s. tak mlze slouZit jako inspirace pro dalsi projekty
v oblasti podzemnich staveb nejen v ¢eskych zemich, ale i v Sir-
§im evropském kontextu.

Ing. PETR BORTLIK, Ph.D.,
petr.bortlik@ostroj.cz, OSTROJ a.s.

Recenzoval Reviewed by: Ing. Miroslav Lipka

Tuel

Before the relocation itself, a detailed project needed to be
created for the relocation of the device, which took into account
not only the spatial capabilities of the construction site but also
the current traffic situation in the area, static parameters of the
bridge structure, and safety measures. During preparations and
realisation of the relocation, the designers were confronted by
several complications, which had to be dealt with operatively
directly on site.

The greatest challenge was the clearance area beneath the
bridge, with a gap of only ca 10mm (Fig. 8) between the upper
section of the device and the lower edge of the bridge structure.
Due to this minimal clearance and limited manipulation space in
the area, it was not possible to substantially move or vertically
adjust the device — the entire manoeuvre therefore went on with
literally millimetre precision.

The relocation itself took approximately three days. In total,
with both devices, approximately 1.2km was travelled (altogether
three workers due to the moving of rails). The relocation included
not only the crossing but also the subsequent finishing of
assembly and setting the device up in a new position. Thanks to
thorough preparation, precise coordination, and experience of the
implementation team, the entire process was carried out without
complications and in conformity with the time schedule of the
construction site.

Benefits compared to system formwork:

 speed of the work cycle (1 block);

e ease of use;

* significantly smaller need for workers;

* lesser requirements for machine mechanisation;

* concrete surface quality — steel skin;

 eliminated the need to replace plywood after multiple

concreting cycles;

* axed costs for formwork repair and cleaning.

CONCLUSION

The project for the development and implementation of mobile
formwork for a cut-and-cover tunnel in Oslo represents an example
of a successful connection of engineering creativity, technical
precision, and the ability to adapt to the specific requirements of
a demanding construction environment. From the initial “blank
canvas” design to commissioning of the device and its subsequent
relocation into the second tunnel tube, the entire process was led
with an emphasis on safety, efficiency, and operational reliability.

The device was designed as a fully variable system with an
option of vertical and lateral adjustment and easy relocation
without the need for disassembly. Structural analysis carried out
by two independent methods verified the correctness of the design
and facilitated precise dimensioning of all key elements.

Functional tests and operational checks then proved that the
device adheres not only to technical, but also operational and
safety requirements to the highest degree.

Successfully handling this project confirms that even in the
field of tunnel construction, it is possible to seek new, effective,
and innovative solutions that bring added value not only from the
viewpoint of time, but also costs, and safety. Mobile formwork
developed by the OSTROJ a.s. Company therefore can serve
as an inspiration for other projects in the area of underground
constructions not only in the Czech Republic, but also in a broader
European context.

Ing. PETR BORTLIK, Ph.D.,
petr.bortlik@ostroj.cz, OSTRO] a.s.






