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IMPLEMENTATION OF SUPPORTING STRUCTURE IN DIFFICULT
CONDITIONS OF THE HISTORICAL QUEENSBURY RAIL TUNNEL
IN GREAT BRITAIN
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ABSTRAKT

Rekonstrukce tunelovych staveb patii mezi béZné cinnosti stavebni praxe. V mnoha pripadech se jednd o léty provérené postupy spociva-
Jjici v provddéni dodatecnych hydroizolact, zastavovdni lokdlnich nebo ploSnych priisakii vody, ¢i zajisténi stability osténi. KaZdy rekonstru-
ovany tunel vyZaduje pri reSeni téchto problémii individudlni pristup. Ten je Casto uplatiiovdn s vyuZitim neobvyklych postupii vychdzejicich
z technologii pouZivanych v jinych oblastech stavebni nebo dilni ¢innosti. Jednim z takovych pripadii je predstavovany projekt zajisténi
stability osténi v misté vyiisténi vétraci Sachty v tunelu Queensbury ve Velké Britdnii.

ABSTRACT

Reconstruction of tunnel structures is a common practice in construction. In many cases, these are years-old practices of carrying out
additional waterproofing, stopping local or areal water leaks or ensuring the stability of the lining. Each reconstructed tunnel requires
an individual approach in dealing with these problems. This is often applied by using unusual procedures based on technologies used in
other areas of construction or mining. One such case is the project presented to ensure the stability of the lining at the vent mouth of the
Queensbury Tunnel in the UK.

uvoD INTRODUCTION

Zelezni¢ni tunel Queensbury v zdpadnim Yorkshiru v Anglii, dnes The Queensbury railway tunnel in West Yorkshire, England, no
jiZ nepouZzivany, byl vystavény spolecnosti Great Northern Rail- | longer in use today, was built by the Great Northern Railway (GNR)
way (GNR) v letech 1874 az 1878. Ve své dobé byl se svoji délkou | between 1874 and 1878. At the time, at 2.287m in length, it was the
2287 m nejdelSim, ktery spolecnost realizovala. Klasicky razeny longest ever built by the company. The classic brick-walled tunnel
tunel s cihelnou obezdivkou mé svétlou vysku 6,4 m a Sitku 7,9 m | has a clear height of 6.4m and a width of 7.9m (Fig. 1). The average

(obr. 1). Primérna vyska nadlozi ¢ini 135 m. Vzhledem ke své znac- height of the overburden is 135m. Due to its considerable length,
né délce je tunel opatien sedmi vertikalnimi vétracimi Sachtami. Ofi- the tunnel is fitted with 7 vertical ventilation shafts. Officially, the
cidln€ byl Zelezni¢ni provoz v tunelu ukoncen v roce 1956, o sedm | railway operation in the tunnel was terminated in 1956, seven years
let pozdéji doslo ke sneseni Zelezni¢niho svrsku. later the railway superstructure was dismantled.

Kvili minimélni ddrzbé tunelu po jeho vyfazeni z dopravni cesty, Due to the minimal maintenance of the tunnel after its removal
a rovnéz kvili soubéhu vice negativnich vlivi, kterymi jsou napii- from the service, as well as the concurrence of more negative effects
klad vysoka hladina podzemni vody a Casté castecné zatopeni sekci such as high groundwater levels and frequent partial flooding of
tunelu, se stav zdéného osténi a jeho stabilita postupné zhorSovaly. sections of the tunnel, the condition of the masonry lining and its

V poslednich dekadach zde bylo zaznamenéano nékolik lokélnich | stability gradually deteriorated. In recent decades, there have been
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zdroj: Queensbury Tunnel Report 2016 source: Queensbury Tunnel Report 2016
Obr. 1 Pricny a podélny rez tunelem Queensbury
Fig. 1 Cross and longitudinal section of Queensbury tunnel
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kolapst osténi, které vyZadovaly odbornou sanaci. Ta spocivala
v opravé cihelné obezdivky, instalaci horninovych svornikii, nebo
vystavbé podpérnych rami. V poslednich deseti letech doslo v né-
kolika dsecich tunelu k dal$sim vyznamnéjSim kolapsiim a tunel se
stal nepriichodnym (obr. 2). Tyto havarie vedly majitele objektu k ra-
zantnéj$im a komplexn&js§im opravam, které byly zahdjeny v obdobi
let 2018-2019.

Pres veskeré komplikace spojené se stavem tohoto objektu existuje
dlouhodoby zijem riiznych organizaci na op€tovné zprovoznéni tu-
nelu. Nové by se v ramci turisticky atraktivni oblasti mél stat soucés-
ti cyklostezky spojujici Bradford a Halifax. At uz bude budouci ucel
tohoto historického tunelu jakykoliv, je primarné nezbytné zajistit
minimélné doCasnou stabilitu a bezpecnost tohoto podzemniho dila.

Tunel je aktudlné v majetku ministerstva dopravy Spojeného kra-
lovstvi Velké Britanie a Severniho Irska a je spravovan organizaci
Highways England ‘s Historical Railways Estate (HRE). V zaii 2019
byl Queensbury tunel zafazen do seznamu 10 nejohroZenéjsich sta-
veb v Anglii a Walesu.

STABILIZACNI OPATRENI

Nejvice kriticka mista s ohledem na jeho stabilitu jsou v blizkosti
napojeni vertikdlnich vétracich Sachet na osténi v klenbé a v sek-
cich, kde je tunel dlouhodobé zatopen. K zatopeni tunelu v urcitych
usecich dochézi po sezénnich destich a je nasledkem neodbornych
zasaht do krajiny (vyplnéni drendznich zarezi a podobné). Celkova
délka dlouhodobé zatopeného tseku dosahuje témér tretiny délky tu-
nelu, sezonnimu zatopeni podléhé az jeho polovina (obr. 1).

Sanacni prace zapocala spole¢nost AmcoGiffen v roce 2018 u se-
verniho portélu, pricemz v té dobé byl kvili zaplaveni vodou jizni
portél tunelu zcela nepiistupny. V detekovanych oblastech s kriticky
ohrozenou stabilitou osténi byly pouZity podpérné vyztuze tune-
Iu systému RamArch a v mistech napojeni vertikalnich Sachet pak
byla nutnd kombinace podpérného systému RamArch a stitkaného
betonu. Cihelné osténi bylo ve stavu, kdy jeho sanace nebo pokus
o vyménu za nové predstavovaly nepfimérené riziko.

RamAurch je systém podpory osténi tunelu (obr. 3) vyvinuty brit-
skou spole¢nosti Innovative Support Systems pro spravce Zelezni¢ni
cesty Network Rail. Sklada se z panelti z pfedem vytvarované a galva-
nizaci chranéné ocelové sité, které jsou seSroubovany tak, aby vytvo-
fily rdm ve tvaru oblouku. Tento rdm je pak pomoci kotev instalovan
apropojen se stavajicim osténim tunelu. Béhem
instalace je nejprve ram volné vestavén do pro-
filu tunelu a mechanicky rozepnut tak, aby byl
docilen co nejlepsi kontakt mezi rdmem, resp.
panely a osténim, a teprve nasledné je ukotven.
RamArch miZe slouZit jako doCasna podpérna
vyztuz, nebo v kombinaci se stfikanym beto-
nem jako podpérnd vyztuz trvala.

Popsané teSeni — kombinaci vestavénych
podpérnych rdmi RamArch a stifkaného be-
tonu — nebylo mozné pouzit v misté zatsténi
Sachty ¢&. 3. Sachta se totiZ nachazi v dseku
tunelu, ktery je dlouhodobé zaplaven. Vyska
hladiny vody se podle aktudlnich povétrnost-
nich podminek pohybovala mezi 3 a 4 m nad
pocvou tunelu. Navzdory této prekazce bylo
nezbytné osténi docasné podeprit ve velké
ploSe a zabranit hrozicimu kolapsu. Toho bylo
dosazeno diky vyuZiti specidlnich gabiono-
vych kosu vypliiovanych pomoci technologie
Minova — Long Distance Injection Technology
(dale jen LDIT).

several local collapses of the lining, which required professional
remediation. This consisted of repairing the brick lining, installing
rock bolts or constructing supporting frames. In last ten years,
several more significant collapses have occurred in several sections
of the tunnel and the tunnel has become impassable (Fig. 2). These
collapses have led the owner of the construction to more vigorous
and comprehensive repairs, which started in the period 2018-2019.

Despite all the complications involved in the condition of
this construction, there is a long-standing interest from various
organisations in getting the tunnel back in service. It is now to
become part of a cycle path linking Bradford and Halifax within the
tourist attractive area. Whatever the future purpose of this historic
tunnel, it is primarily necessary to ensure at least temporary stability
and safety of this underground work.

The tunnel is currently owned by the Department of Transport of
the United Kingdom of Great Britain and Northern Ireland and is
managed by Highways England’s Historical Railways Estate (HRE).
In September 2019, the Queensbury tunnel was included in the list of
10 most endangered structures in England and Wales.

STABILIZATION MEASURES

The most critical points regarding its stability are in the vicinity
of the connection of vertical ventilation shafts to the lining in the
vault and in sections where the tunnel is flooded for a long time. The
flooding of the tunnel in certain sections occurs after seasonal rains
and is the result of unprofessional interventions in the landscape
(filling of drainage ditches and the like). The total length of the long-
term flooded section is almost a third of the length of the tunnel, up
to half of it is subject to seasonal flooding (Fig. 1).

Remediation work started by AmcoGiffen in 2018 at the northern
portal, at which time the southern portal of the tunnel was completely
inaccessible due to water flooding. In detected areas with critically
compromised lining stability, the RamArch system’s tunnel support
reinforcement was used and in the vertical shaft connections a
combination of the RamArch support system and sprayed concrete
was required. The brickwork was in a state where its remediation or
an attempt to replace with new ones posed a disproportionate risk.

RamAurch is a tunnel lining support system (Fig. 3) developed by
the British company Innovative Support Systems for Network Rail.
It consists of panels of pre-formed and galvanised steel mesh, which
are screwed together to form an arch-shaped frame. This frame is

zdroj: ForgottenRelics source: ForgottenRelics

Obr. 2 Kolaps tunelového osteni v misté vétraci Sachty
Fig. 2 Collapse of the tunnel lining in ventilation shaft mouth



LDIT - LONG DISTANCE
INJECTION TECHNOLOGY

Principem zvoleného feSeni bylo
vytvoreni docasné, na misté vytvore-
né podpérné konstrukce ptipominajici
gabionové koSe. Podpérna konstruk-
ce musela byt dostatené twnosna,
schopna svym tvarem co nejpresnéji
vyplnit profil tunelu v potiebné délce
v blizkosti Sachty €. 3 a rozebiratelna
pro moznost naslednych sanacnich
praci. Problematicky tsek se nacha-
zel cca 500 m od nejblizsiho trvale
suchého useku tunelu. Z toho vyply-
val nutny a atypicky pozadavek na
technické feSeni — zplsob dopravy
podpérné konstrukce plavenim a jeji
instalace pod hladinou vody o teploté
8-10°C.

V tzké spolupréci se spolecnosti
AmcoGiffen a spravcem tunelu byl
spole¢nosti Minova zpracovan navrh
feSeni a nasledné provedena i samot-
nd realizace, vyuZivajici technologii
LDIT. Principem prijatého feSeni bylo pouziti klasickych gabio-
novych kost rozméru 0,6 x 1,0 x 1,0 m az 1,0 x 1,0 x 1,0 m, do
kterych byly upevnény pomoci védzacich ok vypliiové vaky typu
ADIPOL s plnicim a odvzdusiovacim ventilem. Kazdy gabionovy
ko$ s vakem byl na pramu po hladiné zatopeného useku dopraven
a uloZen na pfedem stanovené misto. Pro uloZeni koSt s vakem
bylo pouZzito tymu $kolenych potapécti. Kromé usazeni kost pod
hladinou vody v tunelu zajistil potdpécsky tym i napojeni plnici
hadice na ventily, kontrolu plnéni vaki a pfepojovani hadice mezi
jednotlivymi ventily (vaky). Aby bylo navrhované feSeni vibec
proveditelné, byla patefi navrhu technologie LDIT, ktera jako jedi-
na dovolila dopravu a zaCerpavani vyplinové smési v danych pod-
minkach, které rozhodné neslo oznadit za snadné.

LDIT - technologie cerpani dvoukomponentnich injekénich
smési na dlouhé vzdilenosti — je zndmé predevSim z uhelného
arudného hornictvi. V principu se jedna o pouziti velkokapacitniho
Cerpadla strategicky umisténého na dobyvacim patfe, pfipadné na
povrchu dolu (u dolit s nizkym nadloZim). V blizkosti Cerpadla jsou
situovany velkoobjemové zasobniky injekcnich slozek a z cerpadla

zdroj: archiv AmcoGiffen source: AmcoGiffen archive
Obr. 4 Cerpaci centrum LDIT v tunelu Queensbury
Fig. 4 LDIT pumping station in Queensbury tunnel
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zdroj: archiv AmcoGiffen source: AmcoGiffen archive

Obr. 3 Podpiirnd konstrukce RamArch osténi tunelu
Fig. 3 Tunnel lining support structure RamArch

then installed by means of anchors and connected to the existing
tunnel lining. During the installation, the frame is first loosely built
into the tunnel profile and mechanically expanded to achieve the
best possible contact between the frame or panels and the lining,
before being anchored. RamArch can serve as a temporary support
reinforcement or, in combination with sprayed concrete, as a
permanent support reinforcement.

The described solution — a combination of built-in RamArch
support frames and sprayed concrete — could not be used at the
mouth of shaft 3. The shaft is located in a section of the tunnel that
is flooded for a long time. The water level was between 3 and 4m
above the tunnel floor, depending on the current weather conditions.
Despite this obstacle, it was necessary to temporarily support the
lining in a large area and prevent the impending collapse. This was
achieved thanks to the use of special gabion baskets filled with
Minova Long Distance Injection Technology (furthermore as LDIT).

LDIT - LONG DISTANCE INJECTION TECHNOLOGY

The principle of the chosen solution was the creation of a temporary,
locally erected, supporting structure resembling gabion baskets. The
supporting structure had to be sufficiently bearable, able to fill the
tunnel profile as accurately as possible with its shape in the required
length near shaft No. 3 and disassemblable for the possibility of
subsequent remediation works. The problematic section was located
about 500 m from the nearest permanently dry section of the tunnel.
This resulted in a necessary and atypical requirement for a technical
solution — a method of transport of the supporting structure by
floating and its installation under water at a temperature of 8-10°C.

In close cooperation with AmcoGiffen and the tunnel caretaker,
the design of the solution was elaborated by Minova and then the
actual implementation, using LDIT technology, was carried out.
The principle of the adopted solution was the use of classic gabion
baskets of dimensions 0.6 x 1.0 x 1.0m to 1.0 x 1.0 x 1.0m, into
which ADIPOL filling bags with filling and venting valves were
fixed by means of binding straps. Each gabion basket with a bag
was transported on the raft along the flooded section and stored in
a predetermined place. A team of trained divers was used to place
the baskets with the bag. In addition to settling the baskets under
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jsou vedeny rozvody pro injekéni smés do jednotlivych pracov-
nich dsekd (obr. 4). Maximalni délka dopravni cesty muze byt az
3 000 m, béZné se pohybuje mezi 1 000 a 1 500 metry. Injekéni
komponenty A a B jsou dopravovany v samostatnych hadicovych
tazich aZ na misto pouziti a tam jsou teprve aktivovany ve sméso-
vaci pistoli. Dvoukomponentni smés nepotfebuje zvlastni pripravu
a proces vytvrzeni je zahdjen po smichani komponent v objemo-
vém poméru 1:1. Typickou aplikaci LDIT jsou opakujici se nebo
dlouhodobé provadéné kotevni prace, anebo zpeviiujici injektdze
na vice pracovnich tsecich, kdy je nevyhodné transportovat pro
kazdy usek zvlast injek¢ni smés a Cerpadlo. Naopak je snazsi pou-
ze zkracovat nebo prodluzovat ptivodni hadice, pfipadné ménit je-
jich smérové ulozeni podle aktudlni potieby. Hadice komponent
jsou stale naplnény, takzZe je injek¢ni smés ihned k dispozici, a to
v pfesné pozadovaném objemu.

V piipadé tunelu Queensbury byl pracovni usek jen jeden, nic-
méné bylo nutné vytvorit relativné masivni podpérnou konstrukci
s vyuzitim velkého objemu vypliiové hmoty. Predevsim vsak byla
priprava injek¢niho materidlu a pozice plniciho Cerpadla dostupna
ve vyznamné velké vzdélenosti od mista samotné aplikace.

V prfedmétném tseku byl nejprve instalovan 500 m dlouhy osvét-
leny plovouci pontonovy chodnik, ktery umoziioval pracovnikiim
prechdzet od okraje zatopeného useku aZ k mistu sanace (obr. 5).
Ponton chodniku mél maly vytlak a jeho nosnost se omezila pou-
ze pro pohyb osob. Veskeré vybaveni pro prici, zahrnujici napft.
tlakové lahve pro potdpéce, injekéni a montazni prislusenstvi, ale
predevsim zkompletované vyztuzné gabionové kose, bylo na misto
instalace plaveno na pramech. Vedeni dopravnich hadic injek¢ni
smési bylo zav&€§eno na konzolovych drzacich pfikotvenych na
osténi tunelu.

Jednotlivé gabionové koSe byly manualné montovany mimo za-
plaveny usek z pozinkovanych siti s velikosti ok 50 x 50 mm a dra-
tu tloustky 10 mm. Do kazdého ze 78 gabionovych kosu (jiz drive

zdroj: archiv AmcoGiffen source: AmcoGiffen archive
Obr. 5 Pontonovy chodnik v tunelu Queensbury
Fig. 5 Pontoon walkway in Queensbury tunnel

Tuel

the surface of the water in the tunnel, the diving team ensured the
connection of the filling hose to the valves, the control of filling the
bags and the transfer of the hose between the individual valves (bags).
To make the proposed solution even feasible, the LDIT technology
was backbone of the design, being the only one that allowed the
transport and filling mixture to be pumped in given conditions,
which certainly could not be described as easy.

LDIT - the technology of pumping two-component injection
mixtures over long distances — is known mainly from coal and ore
mining. In principle, it involves the use of a large-capacity pump
strategically located on the mining floor or on the surface of the
mine (in the case of mines with a low overburden). Large-volume
reservoirs of injection components are situated near the pump and
distribution lines for the injection mixture are routed from the pump
to the individual work sections (Fig. 4). The maximum length of the
transport journey can be up to 3 000m, normally between 1 000 and
1 500m. Injection components A and B are transported in separate
hose lines to the place of use, where they are only activated in a
mixing gun. The two-component mixture does not need special
preparation and the hardening process is started after mixing the
components in a volume ratio of 1:1. Typical applications of LDIT
are repetitive or long-term anchoring works, or strengthening
injections on multiple work sections, where it is disadvantageous to
transport the injection mixture and pump separately for each section.
Conversely, it is easier just to shorten or lengthen the feeding hoses,
or to change their directional positioning according to the actual
need. The feeding hoses are still filled, so the injection mixture is
immediately available, in the exact required volume.

In the case of the Queensbury Tunnel, there was only one working

section, however, it was necessary to create a relatively massive
supporting structure, using a large volume of filling material. Above
all, however, the preparation of the injection material and the position

zdroj: archiv AmcoGiffen source: AmcoGiffen archive
Obr. 6 Gabionovy kos s instalovanym vakem
Fig. 6 Gabion basket with installed filling bag
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zdroj: archiv AmcoGiffen source: AmcoGiffen archive
Obr. 7 Schéma podpiirné konstrukce
Fig. 7 Support structure scheme

uvedenych rozmért 0,6 x 1,0 x 1,0 ma 1,0 x 1,0 x 1,0 m) byl umis-
tén plnici vak ADIPOL odpovidajiciho rozméru (obr. 6). Vaky mély
pozitivni rozmérovou toleranci (vetsi nez objem samotného kose),
a to za ucelem zcela vyplnit prostor vyztuzného koSe pfi uvazovani
hydrostatického tlaku vody. Vaky byly usité z nepropustné tkaniny
a osazené plnicim a odvzdusSiiovacim ventilem s bezpe¢nostnim
uzéavérem proti Uniku injekéniho média. Po transportu gabionového
kose opatfeného vakem (hmotnost kose s instalovanym vakem cinila
40-70 kg) byl koS spustén z pramu a ponofen postupnym plnénim
vodou na misto urceni. Jeho pozice byla vizudlné kontrolovana po-
tapéem. Tak byly postupné usazeny vSechny kose tvorici zakladnu,
resp. jednotlivé patra podpérné konstrukce. Kose byly navzajem spo-
jeny kovovymi pozinkovanymi svorkami.

DalSim krokem bylo postupné vypliiovani vakil. Potapéc spojil
plnici hadici se zavitovym plnicim ventilem kazdého vaku. LDIT
¢erpadlo bylo ovladano z konce pontonového chodniku, a to otevie-
nim, resp. zavienim kohoutd na aplikacni pistoli. Diky poklesu, resp.
naristu tlaku v dilkovém rozvodu hadic, bylo ¢erpadlo spusténo,
resp. zastaveno. Po naplnéni kazdého vaku na 95 % jeho kalkulova-
né kapacity prepojil potapé¢ hadici na ventil dal§iho vaku a proces
se opakoval. Po vyplnéni vSech vaki v kosich tvoricich zakladnu
se stejnym postupem vytvorila dalsi vrstva. Kazda z navazujicich
vrstev byla ptidorysné€ mensi, ¢imZ se postupné vytvofila konstrukce
podpérné pyramidy (obr. 7).

Celkovy pocet instalovanych vrstev byl Sest, zakladna podpérné
konstrukce v misté Sachty méla rozmér 7,2 x 7,5 m. V ramci paté
a Sesté vrstvy pak byly pouZzity tvarové upravené koSe pro zajiste-
ni optimalniho kontaktu konstrukce s osténim tunelu (obr. 8). Sest4
vrstva koSt pak byla doplnéna volné uloZzenymi vaky ADIPOL pro
zajisténi maximélniho kontaktu kontury vyusténi Sachty v osténi
s vytvorenou konstrukci.

Pro vyplnéni instalovanych vaki byla pouzita vysokopevnostni si-
likatova dvoukomponentni pryskyfice fady Geoflex s prodlouzenou
dobou reakce. Specidlni receptura bézné pouzivaného injekéniho
materidlu musela zohlednit vlivy chladné vody (cca 8 °C) zpomalu-
jici pocatek reakce tuhnuti a vzdélenosti vice nez 500 m pii dopravé
komponent tunelem s nizkou teplotou.

ZAVER
Sanacni prace spole¢nosti AmcoGiffen v tunelu Queensbury ob-
sahly v letech 2018 az 2021 vice nez 78 000 pracovnich hodin.

Zahrnovaly rovnéZ instalaci rozsdhlého vétrani vice nez 1 500 m
tunelu postacujictho k tomu, aby bylo mozné provadét bez rizika

zdroj: archiv AmcoGiffen source: AmcoGiffen archive
Obr. 8 Detail instalace kosi v uisti vétraci Sachty
Fig. 8 Detail of basket installation at ventilation shaft mouth

of the filling pump were only available at a significant distance from
the application site itself.

In the section of interest, a 500m long illuminated floating
pontoon walkway was first installed, allowing workers to walk from
the edge of the flooded section to the site of the remediation (Fig.
5). The pontoon of the walkway had a small displacement and its
carrying capacity was limited to the movement of persons only. All
equipment for the work, including e.g. pressure cylinders for divers,
injection and assembly accessories, but especially the assembled
gabion reinforcement baskets, was floated to the installation site on
rafts. The lines of the transport hoses of the injection mixture were
suspended from brackets anchored to the tunnel lining.

Individual gabion baskets were manually assembled outside the
flooded section from galvanized nets with a mesh size of 50 x 50mm
and a wire thickness of 10mm. In each of the 78 gabion baskets
(previously mentioned dimensions of 0.6 x 1.0 x 1.0m and 1.0 x 1.0
x 1.0m) the ADIPOL filling bag corresponding to the dimension was
placed (Fig. 6). The bags had a positive dimensional tolerance (larger
than the volume of the basket itself) in order to completely fill the
space of the reinforcement basket when considering the hydrostatic
water pressure. The bags were sewn from impermeable fabric and
fitted with a filling and venting valve with a safety cap against leakage
of injection medium. After transporting the gabion basket fitted with
the bag (weight of the basket with the bag installed 40-70kg) the
basket was lowered from the raft and immersed by a gradual filling
of water to its position. Its position was visually checked by a diver.
In such manner all baskets forming the base or individual floors of
the support structure were gradually installed. The baskets were
connected to each other by metal galvanized clamps.

The next step was the gradual filling of the bags. The diver
connected the filling hose to the threaded filling valve of each
bag. The LDIT pump was controlled from the end of the pontoon
walkway by opening or closing the taps on the application gun. Due
to the decrease or increase of pressure in the long distribution hoses,
the pump was started or stopped. After filling each bag to 95% of
its calculated capacity, the diver switched the hose to the valve of
the next bag and the process was repeated. After filling all the bags
forming the base, another layer was created by the same process.
Each of the successive layers was smaller in size, which gradually
created the structure of the supporting pyramid (Fig. 7).

The total number of layers installed was six, the base of the
support structure at the shaft site was 7.2 x 7.5m. Within the fifth
and sixth layer, shaped baskets were used to ensure optimal contact
of the structure with the tunnel lining (Fig. 8). The sixth layer of
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stifkany beton, ale predevSim stabilizaci vice nez 300 bm osténi
tunelu potencidlné ohrozeného kolapsem. Provedeni téchto praci,
tj. vytvoreni podptrné konstrukce v misté Sachty, trvalo 13 tydna.
ce stfikaného betonu prosadila AmcoGiffen s podporou spolecnosti
Minova unikétni technické feSeni docasného podepreni osténi tunelu
pomoci kosu s vypliiovymi vaky. Pro jejich usazeni bylo nutné nejen
nasazeni specializovanych potédpécskych posadek, ale i specificky
navrhnout a vytvofit chemickou pryskyfici, optimalizovanou pro
dané pouZiti. Pro aplikaci této hmoty byl vyuzity dopravni systém
Minova LDIT, nasazeny ve Spojeném kralovstvi viibec poprvé.

O findlnim vyuZiti tunelu se stile jednd a definitivni rozhodnu-
ti v dobé€ psani ¢lanku nepadlo. Nicméné popsané feSeni pomohlo
stabilizovat problematické misto a v budoucnu, kdy bude znovu ob-
noven vnéjsi drenazni systém a tunel bude odvodnén, miZe byt kon-
strukce rozebrdna a odstranéna. Vytvrzena pryskyfice nepiedstavuje
ekologickou zatéZ a miZe byt budto deponovana nebo recyklovina
pro vypliové ucely. Jiz v pribéhu roku 2023 doslo k poklesu vodni
hladiny v tunelu na uroven, kdy byla cela konstrukce obnaZena a bylo
mozné neplanované ovéfit jeji celistvost a celkovy stav (obr. 9).

Projekt byl proveden zcela v ramci legislativnich nafizeni plat-
nych ve Velké Britanii o praci ve stisnénych prostorech se stfednim
rizikem, pfi¢emZ vSichni operatofi pracovali neustdle v ochrannych
maskach s filtraci vdechovaného vzduchu. Veskeré tyto prace navic
probihaly za pfisnych omezeni spojenych s epidemii Covid-19, které
jiz tak komplikované prace ddle organizacné ztézovaly.

Ing. ADAM JANICEK,
adam.janicek@minovaglobal.com, Minova International,

MARTIN THOMPSON,
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baskets was then supplemented with loosely stored ADIPOL bags to
ensure maximum contact of the shaft opening in the lining with the
created structure.

The high-strength silicate two-component resin of the Geoflex
series with extended reaction time was used to fill the installed bags.
The special recipe of the commonly used injection material had to
consider the effects of cold water (about 8°C) slowing the start of
the resin curing and distances of more than 500m when transporting
components through a low temperature tunnel.

CONCLUSIONS

AmcoGiffen’s remediation works in Queensbury Tunnel covered
more than 78,000 working hours between 2018 and 2021. They
also included the installation of extensive ventilation of more than
1,500m of tunnel sufficient to allow spraying concrete without risk,
but above all the stabilisation of more than 300m of tunnel linings
potentially at risk of collapse. These works, i.e. the creation of a
support structure at the shaft site, took 13 weeks to complete.

In addition to the more common technology of installing support
frames and application of sprayed concrete, AmcoGiffen, with the
support of Minova, pushed through a unique technical solution of
temporary support of tunnel lining by means of baskets with filling
bags. In order to place them, it was necessary not only to deploy
specialist diving crews, but also to specifically design and create a
chemical resin, optimised for the given application. Minova’s LDIT
transport system, deployed in the UK for the first time ever, was used
for the application of this material.

The final use of the tunnel is still under negotiation and no final
decision has been made to date. However, the solution described
has helped to stabilise the bottleneck and, in the future, when the
external drainage system is restored and the tunnel is drained, the
structure can be disassembled and removed. The hardened resin
does not represent an environmental burden
and can either be deposited or recycled for
filling purposes. Already during 2023, the
water level in the tunnel has fallen to a level
where the whole structure was exposed, and
its integrity and general condition could be
checked unplanned (Fig. 9).

The project was carried out entirely within
the legislative regulations in force in the UK
on work in confined spaces of medium risk,
with all operators working constantly in
protective masks with filtration of breathed
air. In addition, all this work was carried
out under the strict restrictions associated
with the Covid-19 epidemic, which made
the already complicated work even more
difficult organisationally.

Ing. ADAM JANICEK,
adam.janicek@minovaglobal.com,
Minova International,

MARTIN THOMPSON,

zdroj: QueensburyTunnelSociety source: QueensburyTunnelSociety
Obr. 9 ObnaZend podpiirnd konstrukce Sachty ¢. 3 po poklesu vodni hladiny
Fig. 9 Exposed support structure of shaft No. 3 after decrease of water level
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