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EDITORIAL

VdZeni piiznivci podzemnich staveb,

nejprve bych vds rdd informoval o velmi potésujici skutetnos-
ti: Casopis Tunel byl zaiazen mezi recenzovani neimpaktova-
n4 periodika vydiavana v Ceské republice. O co se jednd?

Rada pro vyzkum a vyvoj (edborny a poradni orgdn vlady
Ceské republiky) v souladu se snahou o zavedeni objektivniho
a kvalifikovaného hodnoceni vysledkd vyzkumu a vyvoje se roz-
hodla- vytvofit seznam recenzovanych periodik vyddvanych
v Ceské republice, kterym neni pfidélen indikdtor databdze WoS
spole¢nosti Thomson Scientific Impact Factor. V seznamu recen-
zovanych jsou asopisy zahrnujici viechny védni obory, seznam
schvileny 20. ¢ervna 2008 je dostupny na webové strdnce:
www.vyzkum.cz (sekce Hodnoceni VaV). V oboru stavebnictvi
byly do seznamu mimo Tunel zafazeny napriklad Casopisy
Stavebni obzor, Stavebnictvi & Silnice Zeleznice.

Zatazen{ jednotlivych periodik na seznam bylo podminéno
splnénim kritérif, kterd zahmuji pozadavky na vyddvini pivod-
nich védeckych a odbornych praci a podminku recenzovani jed-
notlivich praci nezdvislymi oponenty. Zohledfiovdno bylo déle
zafazen{ periodika v mezindrodnich indexech, forma vyddvdni
periodika, jazyk publikovanych praci a historie periodika.

Umisténi ¢asopisu Tunel na seznam recenzovanych periodik je
piinosem jak pro &tendre, tak pro autory. Seznam bude Radou pro
vyzkum a vyvoj vyuZivdn pii hodnoceni vysledki vyzkumu
a vyvoje s podporou z vefejnych prostiedka, které jsou vykazov-
ny jako &élanky v odborném periediku. Zarazen{ Tunelu do sezna-
mu znamend prirozené také vyzvu pro udrZeni a dal8f zvySovén{
kvality ¢asopisu i do budoucna.

Toto &islo Tunelu je vénovdno firmé Subterra a. s., jejiZ autofi
v tivodnich prispévcich predstavuji nékteré stavby, na nichZ se
tato firma podili v roli zhotovitele. Ke stavbdm s podilem firmy
Subterra a. s. patii i prezentované tunely Klimkovice a stavba 313
na silniénim okruhu kolem Prahy (SOKP). Tunelu Klimkovice na
délnici D47 mezi Ostravou a Bilovcem, ktery se po otevieni dne
6. kvétna 2008 stal druhym nejdel3im provozovanym dilni¢nim
tunelem v Ceské republice, jsou vénovdny dva &linky. V &ldnku
o0 SOKP 513 jsou popsdny pozitivni zkuSenosti s operativnim zpi-
sobem Fizeni stavby, ktery byl umoZnén zaddvacimi podminkami
dané stavby. Dal¥im tématem probranym v tomto isle jsou che-
mické injektdZe, jejich? vhodn4 aplikace miZe vyrazné redukovat
piftoky vody do tunelu. ZkuSenosti s aplikaci téchto injektdZ{
v Brné a v extrémnich podminkédch na Islandu jsou pomérné
podrobné popsédny. InjektdZe (pfedeviim tryskové) jsou také
velmi Zasto vyuZivdny pro razbu kolektoru v nesoudrznych zemi-
ndch a uvedeny kolektor na Vdclavském ndmésti nebyl v tomto
ohledu v¥jimkou. Z piipravovanych staveb je v tomto Cisle pre-
zentovdn staticky vypolet slovenského ddlniéniho tunelu
Svréinovec.

Kromé &ldnkd od Geskych autorti naleznete i jeden &ldnek
zahraniéni. Jednd se o popis komplikovanych raZeb stanice lon-
dynského metra King’s Cross. kde probihaly razby v tuhych jilech
v prostfedi méstské zdstavby pomoci stfikaného betonu, litinoveé-
ho osténi i klasické vydievy. Kromé popisu stavby, postupu
vystavby a vyuZitych technologii jsou v Eldnku uvedeny i nékteré
pouzité inovativni postupy. '

Obecné md redakéni rada zdjem na zvySovéni mnoZzstvi kvalit-
nich zahraniénich pfispévki, tudi? viichni autofi z rad zahranié-
nich odbornikd jsou v tomto ohledu vitdni.

Pfeji vam pifjemné a pouéné Ctend.

ING. MATOUS HILAR, MSc., Ph.D., CEng., MICE
Odborny redaktor a élen redakéni rady Casopisu Tunel

EDITORIAL

Dear supporters of underground construction,

First of all, I would like to inform you about an exhilarating fact: Tunel
magazine was incorporated into the List of non-impacted, reviewed
journals released in the Czech Republic. What is the point?

The Research and Development Council (an advisory body to the
Government of the Czech Republic), in an effort to develop a system for
objective and qualified assessment of the results of research and development
projects, decided to create a list of the reviewed journals which are published
in the Czech Republic and for which the Thomson Scientific Impact Factor,
which is an indicator contained in the WoS database being maintained by
Thomson company, has not been determined. The List contains reviewed
journals covering all branches of science. The List which was approved on
20th June 2008 is available on the web page: www.vyzkum.cz (section
Hodnoceni VaV — not contained in the English version). Regarding the con-
struction industry, the List contains, for example, Stavebni obzor,
Stavebnictvi or Silnice Zeleznice journals.

The condition for the incorporation of individual journals into the list was
the satisfying of criteria covering the requirements for the publication of ori-
ginal scientific and technical papers and the necessity for individual papers to
be reviewed by independent opponents. In addition, the listing of the particu-
lar periodical in international indexes, the form of the publication of the jour-
nal, the language in which the papers are published and the history of the
journal are taken into consideration.

The inclusion of Tunel magazine in the List of reviewed journals is bene-
ficial for both the readers and authors. The List will be used by the Research
and Development Council for the assessment of the results of research and
development projects which are subsidised by means of public money and are
referred to as papers in technical journals. Of course, the listing of Tunel
magazine even means a challenge of maintaining and further improving the
quality of the magazine in the future.

This Tunel issue is dedicated to Subterra a 5. The authors, employees of this
company, introduce some construction projects where Subterra a.s. participates
as a contractor. The Klimkovice tunnels and construction lot 313 of the Prague
City Ring Road (PCRR) project, which are presented, belong among the con-
structions with the participation of Subterra a.s. The Klimkovice tunnel on the
D47 motorway between Ostrava and Bilovee, which has become since its ope-
ning to traffic on 6th May 2008 the second longest operating motorway tunnel
in the Czech Republic, is dealt with in two papers. The paper on construction
lot 513 of the PCRR describes the positive experience of the operative way of
the construction management which has been possible owing to the project ten-
der conditions. Another topic which is dealt with in this magazine issue is che-
mical grouting, which can significantly reduce inflows of water into a tunnel if
a proper application is chosen. The experience obtained during the application
of the grouting in Brno and under extreme conditions in Iceland is described in
a relatively detailed manner. Grouting techniques (above all the jet grouting)
are very frequently used even during the excavation of utility tunnels through
cohesionless soils; in this respect, the Wenceslas Square utility tunnel, which is
referred to, is no exception. OFf the construction projects being in the planning
stages, this magazine issue contains a structural analysis of the Svi€inovec.
motorway tunnel, Slovakia.

Apart from papers by Czech authors, you can even find one foreign paper.
It presents a description of very complicated conditions of the King’s Cross
station, on the London Underground network, where the excavation passed
through stiff clays, within an area of high-density urban development, using
sprayed concrete, an SGI lining and classical timbering. In addition to the
deseription of the project, the works procedures and applied techniques, the
paper even describes some innovative procedures which were used.

In general, the Editorial Board is inferested in the increasing of the number
of quality foreign contributions. Therefore, in this respect, all authors from
within the ranks of foreign professionals are welcomed.

I wish you to enjoy the informative reading.

ING. MATOUS HILAR, MSc., Ph.D., CEng., MICE
Technical Editor and Member of the Editorial Board
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PRESTAVBA STANICE LONDYNSKEHO METRA KING'S CROSS
KING'S CROSS LONDON UNDERGROUND STATION REDEVELOPMENT

BENOIT JONES

ovop i

Oblast King’s Cross je ru$nou sougdstf centrdlntho Londyna a velkou
dopravni kfiZovatkou. Pfi posledni pfestavbé se preménila ze selé,
zanedbané a zchdtralé ¢4sti mésta na oblibené misto pro nové kancelére,
byty, bary a restaurace. Jsou zde nidraZi King’s Cross a St. Pancras a pod
nimi stanice metra King’s Cross St. Pancras. Nadraz{ St. Pancras bylo
neddvno znovu otevieno po prestavbé na koncovou stanice vlaki
Eurostar. Kromé toho je v této oblasti nékolik silniénich tepen, které jsou
preplnény autobusy a vozidly taxi, s chodnﬂ(y vidy plnymi chodcu.
Stanice metra je Casto v dopravai 3picce zaviend kviili preplnéni. V této
souvislosti se povaZovalo za vhodné, aby se stanice metra modemizova-
la. zlepgila se pristupnost, zvysila kapacita, a tak se ziskala stanice, kterd
by vice odpovidala hlavnimu méstu dvacdtého prvniho stoleti.

Stanice metra King’s Cross St. Pancras je piestupn( stanici pro nékolik
tras londynského metra: trasy Nerthern Line, Piccadilly Line, Victoria
Line, Metropolitan Line a trasy Circle Line (obr. 1). Cilem uvedeného
projektu bylo zajistit nové spojeni z navrhovaného tzv. ,.severniho® ves-
tibulu pfimo k ndstupiltim tras Northern Line, Piccadilly Line a Victoria
Line a umoZnit pristup pohybové postizenym osobém na trasy Piccadilly
a Victoria. VSechny préce, provadéné na této stavbé sdruZenim Morgan
BeMo JV, tvofenym firmami Morgan Est a Beton- und Monierbau, jsou
zndzomeény na obr. 1 zelenou barvou. Na obr. 2 Jje zndzoméno, jak budou
vypadat price na povrchu po dokonéeni. Severn vestibul je polokruhovd
konstrukce, pripojend ze strany ke stanici King’s Cross, na druhé strand
silnice neZ je vstup do stanice St. Pancras vedoucf k vlakiim Eurostar.
Nyni, kdyZ byly dokonCeny razby tunelil, za®nou price na vybaveni, .
rozvodech siti, eskaldtorech a vytazich a na nadzemni &4sti konstrukce
vestibulu. Nejednd se jen o poskytnuti prostorn&j§iho a piijemnéjsiho
vestibulu cestujicim. Nové trasy pro piichod cestujicich na ndstupists tras
Piccadil]y a Northern Line jsou na opagnych koneich nédstupi3t, neZ jsou
soulasné vstupy, coZ umozni rovnoméméjsi rozdéleni cestujicich po
délee ndstupisté, a tim i zvétSeni poftu cestujicich nastupujicich do kazdé
soupravy metra. Kapacita metra se zvysi.

Hlavnimi problémy stavby byly omezené prostory pro stavebni dvory,
blizkost citlivyich konstrukei na povrehu a pod zemi a mnoho propojeni
s provozovanymi tunely. Malé prostory pro stavebni dvory znamenaly, 7e
védina doddvek musela byt presné nafasovdna z logistickych center

Obr. 1 Nové a stavajici tunely pod oblasti King’s Cross
Fig. I New and existing tunnels under King’s Cross

INTRODUCTION

The King’s Cross area is a busy part of Central London and a major
transport interchange. Recent regeneration has seen it change from
a seedy, deprived, run-down part of town into a popular location for
new offuex apartments. bars and restaurants. There are the King’s
Cross and St. Pancras railway stations at the surface, and the King's
Cross St. Pancras underground station beneath. St. Pancras railway
station was recently refurbished and reopened as the terminus for the
Eurostar trains. In addition, there are several major roads in the area
crammed with buses and taxis, and the pavements are always jam-pac-
ked with pedestrian traffic. The underground station is frequently clo-
sed during rush hours due to overcrowding. In this context, it was con-
sidered desirable (o upgrade the undcwround station Lo improve acces-
sibility, increase capacity and to prowdc a station more fitting to
a capital city in the 21st century.

King’s Cross St. Pancras underground station is an interchange for
several London Under ground lines: the Northern Line, the Pu.t.atll]]y
Line, the Victoria Line and the Metropolitan and Circle Lines (Figure
I). The project aimed to provide new connections from a proposed
new Northern Ticket Hall directly into the platforms of the Northern,
Piccadilly and Victoria Lines, as well as prov iding step-free access for
mobility-impaired persons to the Piccadilly and Victoria Lines. All the
works undertaken for this contract by Morgan BeMo IV, a joint ventu-
rc partnership between Morgan Est and Beton- und Monierbau, are
shown in green on Figure 1. An artist’s impression of what the finis-
hed works will look like at the surface is shown in Figure 2. The
Northern Ticket Hall is the semicircular structure attached to the side
of King’s Cross station and across the road from the Eurostar entrance
of St. Pancras station. Now that the tunnelling has been finished, work
will now begin on the fit out of the services. escalators and lifis and the
ticket hall superstructure. As well as providing a more spacious and
pleasant ticket hall, the new passenger access routes to the Piccadilly
Line and Northern Line platforms are at the opposite ends of the plat-
forms to the existing entrances, allowing a more even distribution of
passengers along the platform and hence allowi ing more passengers to
board each underground train. In this way, capacity will be increased.

The main challenges faced by the project were the constricted site
areas, the proximily of sensitive structures at the surface and below

3

Obr. 2 Vizualizace dokonceného ,,severniho™ vestibulu

A — nddraZi St. Pancras, B — Midland Hotel, C — nddrazi King’s Cross,

D — severni vestibul, E — Great Northern Hotel, F — Euston Road

Fig. 2 Artist’s impression of the finished Northern Ticket Hall. A — St.

Pancras railway station, B- Midland Hotel, C — King’s Cross railway station,
— Northern Ticket Hall, E — Great Northern Hotel, F — Euston Road
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v Southallu v zdpadnim Londyné, ze vzddlenosti asi 40 minut jizdy, kterd
ale v b&%né dopravé mohla trvat mnohem déle. Betondrna, kterd byla zfi-
zena na stavebnim dvofe v Milk Dock, kde byly umistény i stavenistni
kanceldre, doddvala strikany beton v kteroukoli denni nebo no&nf dobu.
Pfistupy na trasu Piccadilly a na trasu Northern Line se budovaly 7 tzv.
Luzlové Sachty* (Hub Shaft), zatimco piistup na trasu Victoria se budo-
val ze stavebniho dvora I. Ob&as byl pé&si provoz na chodniku pred bra-
nami do stavebniho dvora se spoletnou Sachtou tak velky, e bylo zapo-
trebf aZ Sesti dopravnich strdZniki, aby mohly ndkladn{ vozy béhem ¥pi&-
ky bezpetné vjiZzdét do dvora.

SMLOUVA A STYCNE PLOCHY $ HLAVNIMI TRETIMI STRANAMI

Investorem stavby byla firma Metronet, kterd ovlddd trasy Victoria,
Metrcpolitan a Circle Line vEetné stanice metra King’s Cross St. Pancras.
Ke stavbé byl jiz na za¢dtku pfizvdn spoleény podnik Morgan BeMo IV,
a to na zdkladé dohody, kterd ma formu ve Spojeném krdlovstvi znimou
jako ECI — Early Contractor Involvement (v€asné zapojeni dodavatele). To
umoZnilo lepdf integraci projektn a stavebnich praci a dodavateli, aby se
zapojil do price na koncepci projektu, prosazoval stavebni inovace
a poskytoval jistotu, Ze stavba bude proveditelnd. Také to znamenalo, Ze
pocéte¢ni jedndni se tretimi stranami byla zaloZena na redlném schématu
a programu. Kli€ovymi piedstaviteli tfetich stran byly voddrensky podnik
Thames Water, jehoZ kanalizaéni sbéraC bude prochdzet pod pfistupem
k trase Northern Line (na obr, 1 ¢erveng), spole¢nost Network Rail, kterd
provozuje nddraZzi King’s Cross nachdzejici se piimo nad raZbami, spoled-
nost TubeLines, kterd provozuje trasy metra Northern Line a Piccadilly,
a rada méstské &dsti Camden, u které se bude Zddat o povoleni z oblasti
Zivotniho prostiedi a kterd bude schvalovat plany Tizeni dopravy.

STRATEGIE RAZEB TUNELU
Jako prostiedek pro primarni zajist€ni virubu u vétfiny raZeb byl vybrin

stifkany beton, coZ je metoda, kterd piind3f nejmensi riziko jak pro pracov-
niky, tak pro nyn&jsi konstrukce v blizkosti raZeb. S ohledem na sloZitou
geometrii tunel byla pfi volbé razici metody vybrdna jako jedind moZnd
metoda s otevienym Celem vyrubu. Tradiéni metodou v Londyné pied
devadesdtymi léty minulého stoleti by témér jisté byla razba se zajiSténim
stropu klenby a ¢ela vyrubu dievénym paZenim a budovéni sklddaného liti-
nového osténi. Osténi ze stitkaného betonu poskytuje okamZitou oporu
v dokenalém kontaktu s horninou a bylo zndmo, Ze pokud se osténi uzavie
blizko ¢ela vyrubu, bude se seddni povrchu udrZovat na nizkych hodnotich
a zfrdta objemu bude bezpedné nizsi nez 1 %. Vzhledem k blizkosti citli-
vych historickych budov, provozovanych Zelezniénich trati, velkého vikto-
ridnského kanalizaénfho fadu a nékolika tuneld londynského metra bylo
prisné fizeni deformaci hominového masivu prvoradé dileZité.

Kromé toho u metody LaserShell (Williams a kol., 2004, Hilar a kol.,
2005), pfi které nejsou potfebné piihradové rimy nebo ocelové sité a pri
které je sklonéné Zelo vyrubu, nemusi osoby vibec vstupovat do prosto-
ru nevystrojeného vyrubu, Odstrani se tak nebezpetné riziko padajicich
bloki a opaddvéni Eerstvé nastifkaného betonu ze stropu vyrubu. Dile je
pouZiti stifkaného betonu pfi uZiti manipuldtoru plné mechanizované
oproti primdmimu vystrojovéni vydievou, pii kterém je obvykle potieb-
né velké mnozstvi ruéni prace spojené s rizikem vzniku syndromu rukou
zpiisobeného vibracemi pneumatickych néstroji. Bylo rozhodnuto, 7e se
viechny tunely s osténim ze stifkaného betonu budou razit nejprve
s prazkumnou tolou (obr. 3). Ta se pak roziifila do tvaru tres¢ich dst, coZ

17. rocnik - €. 3/2008

ground, and the numerous connections with live tunnels. The small
areas meant that most deliveries had to be made on a just-in-time b
from a logistics hub in Southall in West London, approximately
minutes drive away, although with traffic this could be considerzab:
longer. A batching plant was set up at the Milk Dock site to suppl
sprayed concrete at any time of day or night, which was also where
site offices were located. The Piccadilly Line Access and Nortt
Line Access were constructed from the Hub Shaft, and the Vict
Line Access was constructed from Site I. At times, the pedestrian rz -
fic along the pavement in [ront of the Hub Shaft site gates could be =
great that as many as six traffic marshals were required to allow truct
Lo enter the gates salely during peak times.

CONTRACT AND KEY THIRD PARTY INTERFACES

The client for the project was Metronet, who manage the Victorz
Line and the Metropolitan and Circle Lines and King’s Cross St
Pancras underground station. Morgan BeMo JV were brought in ear’s
on in the project, in what is known in the UK as an Early Contractor
Involvement (ECI) contract. This allowed a better integration of
design and construction and enabled the contractor to be involved iz
the concept development, driving innovation into the project and ensu-
ring the scheme was buildable. It also meant that early discussions
with third parties were based on a real scheme and a real programmsz._
Key third parties included Thames Water, whose Fleel relief sewer
would be underpassed by the Northern Line Access (in red on Figu
1), Network Rail, who manage King’s Cross railway station directl
above the tunnelling works, TubeLines. who manage the Northern and
Piccadilly Lines and Camden Borough Council, from whom environ-
mental permits had to be sought and traffic management plans agreed.

TUNNELLING STRATEGY

Sprayed concrete was chosen as the primary means of ground sup-
port for most of the tunnelling work because it was the method that
carried the least risk. both to the workforce and (o the nearby existing
structures. Considering the complex geometry of the tunnels, an open
face method was the only option. Traditionally in London, before the
1990s, such tunnels would almost certainly have been excavated whi
installing timber support to the crown and the face and constructing
cast iron segmental linings. Sprayed concrete linings provide an imme-
diate support in intimate contact with the ground, and it was known
that if the ring were closed near to the face settlements would be kept
to a low level with a volume loss well under 1.0 %. Considering the
proximity of sensitive historic buildings, operational railway tracks.
a large Victorian sewer and several London Underground tunnels, tight
control of ground movements was paramount.

In addition, the LaserShell method (Williams et al., 2004, Hilar et
al., 2005), which dispensed with the need for lattice girders or mesh
and has an inclined face, obviated the need for operatives to enter the
face at all. This removed the risk to the operatives from block falls and
falls of green sprayed concrete from the crown. Also, the application
of sprayed concrete, when using a robot, is fully mechanised whereas
the use of timber for primary support usually requires a lot of manual
handling of heavy timbers and the use of pneumatic clay spades with
the associated risk to the operatives of Hand-Arm Vibration
Syndrome.

It was decided that all the sprayed concrete lined tunnels would be
constructed first with a pilot tunnel (Figure 3). This was then enlarged
to form a cod’s mouth enlargement — basically a semicircular crown
with a flattened invert, and then again enlarged in the invert to com-
plete a fully circular section. The pilot tunnel was set slightly above the
profile of the finished tunnel, such that a “‘crown beam’ would always
span between the enlargement and the pilot tunnel, helping to control
ground movements and prevent block falls, since breaking out of the
pilot tunnel caused vibrations that could loosen blocks of clay along
existing fissures. Once a full circular ring of sprayed concrete was sup-
porting the ground, a segmental lining made from spheroidal graphite
iron (SGI) was then constructed inside and grouted up.

It may seem that the SGI lining was extraneous, but it must be
remembered that these tunnels were very close to existing infrastruc-
ture in constant use, whose operation could not be put at risk. The cli-
ent, in consultation with third parties, took a cautious approach, and
knowing that an SGI lining could easily deal with the potential for high
bending moments and distortions caused by construction so close 1o
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Obr. 4a Postup vystavby pristupu k trase Piccadilly Line pi'ed zahdjenim stavby
Fig. 4a Construction sequence of the Piccadilly Line Access: before con-
siruction

RozSifeni eskalatorového tunelu
na trase Piccadilly Line
PLA escalator enlargement

Vytah pro pohybové
postizené osoby na trase
Piccadilly Line
PLA MIP lift

Obr. 4¢ Postup vystavby piistupu k trase Piccadilly Line: prochdzejici spojo-
vacim tunelem 7 trasy Thameslink, pro rozsireni eskaldtorovéhe tunelu a pro
sytvoreni spojovaciho tunelu mezi pristupem k trase Piccadilly a pristupem
k frase Victoria )

Fig. 4c Construction sequence of the Piccadilly Line Access: mining through
the Thameslink passageway for the escalator enlargement and the connecti-

on fo form the PLA-VLA link passageway

7 v podstaté polokruhovd horni klenba se zplodtélou protiklenbon,
s ndslednym opénym zvétSenim ve dné tak, Ze se vytvoril cely kruhovy
profil. Prizkumnd $tola vySkové mimné piesahovala profil budouciho
wmelu tak, aby mezi vrcholem klenby prizkumné Stoly a vrcholem roz-
siteného profilu vznikal , korunovy nosnik®, ktery pomdhal kontrolovat
pohyby horniny a brdnil vypaddvani bloku. Duvodem bylo to, #e vybou-
mivdni prazkumné Stoly by zpisobovalo vibrace, které by mohly uvolnit
bloky jilu po stavajicich nespojitych plochich. KdyzZ jiZ byla homina
zaji§téna plnym kruhovym prstencem stitkaného betonu, postavilo se
uvnitf sklddané osténi z tvdmé litiny, které se uvnitf stfikaného betono-
vého prstence zainjektovalo.

MiiZe se zdit, Ze ostén{ z litiny bylo nepatfiéné, aviak nesmf se zapo-
menout na to, Ze tyto tunely byly ve velké blizkosti trvale uZzivané infra-
struktury, jeji% provoz se nesmél ohrozit. Po poraddch se (Felimi stranami
zanjal investor opatrny pristup a jelikoz vedel, Ze osténi z tvérné litiny je
schopné snadno se vyporddat s moZnymi velkymi ohybovymi momenty
a deformacemi, zptisobovanymi provddénim praci v takové blizkosti sta-
vajicich tunel, rozhodl, Ze trvalé osténi bude z litiny. Napiiklad eskald-
orovy tunel na piistupu na trasu Piccadilly Line, ktery mél vyraZeny pro-
fil o priméru 9,5 m, byl asi 10 m pod stiedni nosnou stdnou stanice
King’s Cross a klesal doli mezi provozovanymi ndstupitnimi tunely,
mistnostmi se spinacim zarizenim (Tizeni signalizace) a propojovacimi
mnely trasy Piccadilly Line a &stené byl raZen pres spojovaci tunel,
ktery byl ndsledné vyplnén pérobetonem. KdyZ bylo rozhodnuto o uZiti
litiny, bylo z hlediska bezpe&nosti razi¢l a poZadované prisné kontroly

Obr. 4b Postup vystavby pristupu k trase Piccadilly Line: stavba funelu
Hockeystick pro pievedeni pésiho provozu, stavba spojovaciho tunelu na pri-
stup k trase Piccadilly, ,,kitZ* a smérovd Stola eskaldtorového tunelu, vyplné-
ni starého spojovaciho tunelu z trasy Thameslink penobetonem a razba

Fig. 4b Construction sequence of the Piccadilly Line Access: construction of
the Hockeystick diversion tunnel, the PLA link passageway, the cruciform
and the escalator pilot tunnel, and filling of the old Thameslink passageway
with foam concrete

existing tunnels, decided that the permanent works should be SGI. For
instance, the Piccadilly Line Access escalator was a 9.5 m diameter
excavation approximately 10 m below the spine wall of King’s Cross
station, and descended between the live platform tunnels, switchgear
rooms (that control the signalling) and crosspassages of the Piccadilly
Line, and partially mining through a passageway tunnel that had been
backfilled with foam concrete. Once the decision to use SGI had been
made, the best approach for the primary support, in terms of the safe-
ty of the operatives and the tight control of ground movements requi-
red, was to use sprayed concrete.

SEQUENCE OF CONSTRUCTION

For the purpose of avoiding undue complication, only the sequence
of the Piccadilly Line Access works will be described and shown in the
figures to follow. The Northern Line Access began once the Hub Shaft
had been sunk, and was constructed at the same time as, but indepen-
dently of, the Piccadilly Line Access. The same could be said of the
Victoria Line Access.

The situation in the area of the Piccadilly Line Access (PLA) befo-
re construction is shown in Figure 4a. The first tunnel to be built was
the Hockeystick diversion tunnel (Figure 4b), which allowed the exis-
ting Thameslink passageway to be closed and filled with foam concre-
te while still allowing passengers to access the Piccadilly Line plat-
forms. The Hockeystick was constructed from a shaft sunk from an
existing disused brick railway tunnel called the Maiden Lane tunnel,
which was locally lined and underpinned with concrete to strengthen
it. Figure 5 shows the shaft bottom and the Hockeystick tunnel exten-
ding in both directions. The Hockeystick needed to be fitted out to
London Underground standards for passenger use, as shown in Figure
6. In the meantime the PLA passageway was construcied from the Hub
Shaft, including an enlarged section of tunnel with opening sets on
both sides known as the ‘cruciform’. Looking inbye, the opening on
the left was for the PL.A escalator, and the opening on the right was for
the MIP lift upper lobby leading to the MIP lift shaft. The PLA escala-
tor pilot tunnel was then constructed, as shown in Figure 4b. The right
hand side of the invert of the pilot tunnel grazed the shoulder of the
Thameslink passageway, and once the Hockeystick tunnel was opened
and this tunnel had been closed to the public, a hole was cut in the
lining of the Thameslink passageway for access to pour foam concre-
te (Figure 4b). The foam concrete enabled the tunnel to be partially
mined through by the PLA escalator enlargement without compromi-
sing its stability. Similarly, the PLA-VLA link passageway was mined
through the Thameslink tunnel unl it was in the centre of the face
(Figure 7). in order to create a connection as shown in Figure 4c.
Eventually the Hockeystick will no longer be required once the new

passageways, lifts and escalators are open to the public.
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deformaci horminy nejlepsi metodou pro primémi zajiSténi vyrubu pouZi-
ti stifkaného betonu.

POSTUP VYSTAVBY
Aby nedoglo k nevhodnému zkomplikovani vykladu, bude déle popsdn

a ukdzan pomoci &isel pouze postup praci na piistupu k trase Piccadilly.
Razba piistupu k trase Northern Line zacala po vyhloubeni uzlové Sach-
ty a pokraovala soucasné s razbou pristupu k trase Piccadilly, aviak
nezdvisle na ni. TotéZ by se dalo Fici o piistupu k trase Victoria.

Situace v oblasti pifstupu k trase Piccadilly pied zahdjenim stavby jc na
obr. 4 a. Prvni tunel, ktery se budoval, byl tunel Hockeystick (obr. 4 b), slou-
#ici pro prevedeni péiho provozu cestujicich ze spojovaciho tunelu z trasy
Thameslink, ktery mél byt uzavien a zaplnén pénobetonem, na nastupiste
trasy Piccadilly. Tunel Hockeystick se razil ze Sachty, vyhloubené
z nepouZivaného Zelezni¢niho tunelu s cihelnym osténim nazgvaného
Maiden Lane, ktery byl lokdlné vystrojen a podepien betonem z divodu
jeho zesileni. Na obr. 5 je spodek jamy a tunel Hockeystick vedouci na obé
strany. Bylo zapotfebf vybavit tunel Hockeystick podle standardi londyn-
ského metra pro provoz s cestujicimi (obr. 6). Mezitfm se z uzlové Sachty
budoval spojovaci tunel na pifstup k trase Piccadilly, v&etné roz§ifeného
profilu tunelu s prostupy na obou strandch, kterému se fikd ,kifz“. Pii
pohledu dovnitf byl na levé strané prostup pro eskaldtor pifstupu k trase
Piccadilly a na pravé strané byl prostup pro vytahovou Sachtu pro invalidy.
Nisledovala razba smérové §toly pro eskaldtor do pffstupu k trase Piccadilly
(obr. 4 b). Pravd sténa dna smérové §toly se dotykala okraje spojovaciho
tunelu z trasy Thameslink, a kdyZ byl otevien tunel Hockeystick a tento
tunel byl uzavien pro vefejnost, byl v osténf spojovactho tunelu z trasy
Thameslink vybourdn otvor umoZiujici vstup a ukladdn{ pérobetonu (obr.
4 b). Pérobeton umoznil, aby se tunel ¢dstedné razil pres roz§ifovany eska-
ldtorovy tunel pifstupu k trase Piccadilly, aniZ by dolo k narufent jeho sta-
bility. Podobné se spojovaci tunel mezi pifstupem k trase Piccadilly
a piistupem k trase Victoria razil skrz tunel Thameslink, dokud se nedostal
do stfedu &ela vyrubu (obr. 7), aby se tak vytvofilo spojenf zndzornéné na
obr. 4 ¢. Nakonec, aZ budou spojovact tunely, vjtahy a eskaldtory otevieny
pro vefejnost, tunel Hockeystick jiZ nebude potiebny.

STRIKANY BETON

SloZenf stifkaného betonu bylo stejné, jako smési pouZivané na stavbé
termindlu 5 (Williams a kol., 2004, Hilar a kol., 2005). Smés obsahovala

Obr. 5 Budovani tunelu Hockeystick ze Sachty Maiden Lane
Fig. 5 Construction of the Hockeystick tunnel from Maiden Lane shaft

SPRAYED CONCRETE

The mix design of the sprayed concrete was the same as that used at
the Terminal 5 project (Williams et al., 2004, Hilar et al., 2005). The
mix contained microsilica slurry, high strength steel fibres, a high
cement content of 450 kg/m?, and a maximum aggregate size of 6 mm.
Superplasticiser was used to reduce the water/cement ratio to 0.46
while retaining pumpability and retarder was used to give the sprayed
concrele a pot life of 3 hours. In order (o reverse the effect of the retar-
der, 7.5 % (by weight ol cement) of alkali-free accelerator was intro-
duced at the nozzle o induce an immediale set and kick-start the
hydration of the sprayed concrete. The sprayed concrete produced was
a dense, homogencous concrete with a low permeability of less than
10772 m/s.

The quality ol the sprayed concrete was verified throughout the pro-
ject by a strict regimen ol testing. The engineer would first check the
slump flow of the sprayed concrete before pumping, to British
Standard 1881 part 105 (1984). Once the sprayed concrete had been
sprayed, the engineer would check the strength gain at I hour and at 3
hours using a Hilti penetration test. This involved firing 10 nails with
a Hilti DX450 gun into the sprayed concrete and measuring the pene-
tration. An empirical relationship was then used to relate penetration
with compressive strength. If the sprayed concrete strength at 1 hour
or 3 hours was below the OBV (1999) ]2 curve, then further excavati-
on would have to be halted until adequate strength was reached. As
a further check on final strength, lining thickness and quality, 100 mm
diameter cores were taken from the lining at a frequency in accordan-
ce with BS EN 206-1 (2000). A set of 4 cores were taken for every
30 m3 theoretical volume. In addition, 100 mm cube samples were
made at the batching plant and taken to a laboratory for testing to ensu-
re the quality of the base mix without accelerator. 28 day strengths
were in excess ol requirements, largely due Lo the high cement content
required o achieve the early age strength. Over the whole project, the
mean 28 day strength ol cores tested under uniaxial compression was
59.0 MPa with a standard deviation of 12.1 MPa.

As well as having a good mix, the quality ol sprayed concrete is
highly dependent on good workmanship. Exhumation of the pilot tun-
nel lining during construction of the enlargement provided strong evi-
dence of the quality, homogeneity and density of the sprayed concre-
te. Laminations of trapped rebound, poorly-formed joints, or joints that
were visible at all were very rare; a tribute to the diligence and com-
petence of the sprayers and the effectiveness of the “TunnelBeamer’
system. Similarly, cracks in the sprayed concrete lining were very rare
and were never of structural significance.

THE TUNNELBEAMER SYSTEM

The TunnelBeamer system was previously used at Heathrow Terminal
5 (Williams et al., 2004, Hilar et al., 2005). At King's Cross, the system
was upgraded and relined, as shown in Figure 8. Two reflectorless laser
total stations with an aluminium hood and protective (and easily repla-
ceable) perspex lens covers were linked using Bluetooth o a military-
grade hardened laptop in a metal case containing the alignments and
‘unnelBeamer software. Despite the care of the engineers and the
brightly painted armoured covers, the total stations were occasionally

Obr. 6 Dokonceny tunel Hockeystick
Fig. 6 The finished Hockeystick tunnel
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Obr. 7 Razba spojovaciho tunelu mezi pristupem k frase Piccadilly a pri-
stupem k trase Victoria, prochdzejici starym spojovacim tunelem z frasy
Thameslink, vyplnéndho pénobetonem

Fig. 7 Excavating the PLA-VLA link passageway through the old Thameslink
npassageway filled with foam concrete

mikrosilikovou kasi, vysokopevnostni ocelové dritky, velké mmoZstvi
cementu (450 kg/m3) a kamenivo s maximdlni velikosti zm 6 mm. Ke sni-
Z=n{ vodniho soulinitele na 0,46 pfi zachovéni Eerpatelnosti se pouZival
superplastifikdtor a pro zaji$téni zpracovatelnosti stifkaného betonu po
dobu 3 hodin se priddval zpomalova¢ tuhnuti. Aby se zvratil G¢inek zpo-
malovade, zacalo okamZité tuhnuti a odstartoval proces hydratace stiika-
ného betonu, priddval se v trysce nealkalicky urychlovaé v ddvkovan{
podle hmotnosti — 7.5 % z hmotnosti cementu. Vznikly stifkany beton byl
hutny, homogenni, s malou propustnosti (niZsf nez 10-12 m/s).

Jakost stfikaného betonu se ovéfovala v pribéhu celé stavby na zdkla-
32 prisného reZimu zkouSek. Technik nejprve zkontroloval konzistenci
sifikaného betonu pred erpanim zkouskou rozlitim podle britské normy
British Standard 1881 &4st 105 (1984). Po nastiikén{ betonu technik kon-
woloval nérlist pevnosti po 1 hoding a po 3 hodindch penetraénim Hilti
=stem. Pi zkousce se pistoli Hili DX450 vstfelilo do nastitkaného beto-
nu 10 hiebt a méfilo se vniknuti. Pro odvozeni pevnosti betonu v tlaku
z hloubky vniknuti se pouZival empiricky vztah. Pokud by byla pevnost
sifikaného betonu po 1 hoding nebo 3 hodindch pod kiivkou J2 podle
m2kouské smérnice OBV z roku 1999, bylo by nutné zastavit dal3f raZbu,
dokud by se nedoséhlo poZzadované pevnosti. Pro dalsi kontrolu koneéné
pevnosti, tloustky osténi a jakosti se z osténi odebiraly jadrové vzorky
o priméru 100 mm, s Cemosti podle normy BS EN 206-1 (2000).
Z kaZdého teoretického objemu 30 m3 se odebirala sada 4 jidrovych
odvrtd. Kromé toho se na betondrné vyrabély zkuSebni kostky 100 x 100
% 100 mm, které se preddvaly do laboratore k provedeni zkousek, aby
byla zajiSténa jakost zdkladni smési bez urychlovade. Pevnosti po 28
dnech byly vysi, ne¥ bylo poZadovino, hlavné diky vysokému obsahu
cementu nutného pro dosaZeni pevnosti betonu malého stari. Primérnd
pevnost zkouSenych vzorkii v jednoosém tlaku byla po celou dobu
vstavby 59 MPa se standardni odchylkou 12,1 MPa.

Stejné jako na vyrobeni dobré smési zdvisi jakost stfkanych betont ve
velké mife i na spravném provedeni praci. Bourdni osténf smérové Stoly
w prubéhu rozifovéni profilu poskytovalo doklad o dobré jakosti, homo-
zenité a hustoté stifkaného betonu. Vrstevnatost uzavieného spadu, Spat-
=2 vytvofené styky nebo vitbec viditelné styky se vyskytovaly velmi zifd-
k3. za coZ je tieba podékovat peclivosti a uméni obsluhy stfikaciho zafi-
zeni a Géinnosti systému TunelBeamer. I trhliny v osténi ze stitkaného
betonu se objevovaly velmi ziidka a z hlediska statického puisobeni neby-
Iv nikdy podstamé.

SYSTEM TUNNELBEAMER

Systém TunnelBeamer byl diive pouZit na stavbé termindlu 5 letiste
Heathrow (Williams a kol., 2004, Hilar a kol., 2005). V piipadé King’s
Cross byl systém modernizovdn a upraven, jak je zndzornéno na obr. 8.
Dve bezreflektorové totdlni stanice s aluminiovym krytem a ochrannymi
(2 snadno vyménitelnymi) plexisklovymi kryty objektivii byly napojeny
pomoci bluetooth na laptop, zpevnény pro polni podminky kovovym
obalem, ve kterém byly uloZeny tddaje o niveletich a software
TunnelBeamer. Ples péfi technikdl a jasnou barvou natfené kryty byly
oiElni stanice obas v pribéhu raZeb sraZeny z nasténnych konzol. Tim
vsak obvykle doslo pouze k pofkozeni upinactho podstavce pifstroje
= totéln{ stanice byla obvykle dobre chranénd pancéfovim krytem.

knocked off their wall-mounted brackets during excavation. However,
this usually only damaged the tribrac clamp at the base of the total stati-
on, and the total station itself was usually well-protected by the armou-
red cover.

The engineer could shoot the laser at any point and obtain the distan-
ce to the theoretical excavation, initial layer or primary laver profile,
just as with any standard alignment software. However, duc to the
level of dust during spraying. getting an actual reading from the total
station was often not possible. For this purpose two total stations could
be used together, one on each side of the tunnel, with the ‘master” total
station being directed by the engineer and the motorised ‘“slave’ total
station automatically projecting its laser to cross the master laser beam
at the point where the theoretical profile was intersected. This meant
that the sprayer would see two laser dots on the wall of the tunnel,
which would move closer together as he sprayed more concrete. Once
the dots had moved together, the desired thickness had been sprayed.
This required a close understanding between the engineer and the
sprayer of where to position the laser and when to move it, since ver-
bal communication during spraying was difficult while wearing dust-
masks and airflow helmets. The engineer needed to be capable of
quickly diagnosing and fixing any problems with the TunnelBeamer,
since the lack of lattice girders meant that the sprayer would have to
euess the profile if this happened. This put a lot of pressure on the
engineers during spraying.

The engineers used the TunnelBeamer to record the profile of the
excavation and the sprayed concrete by taking measurements al less
than 0.5 m spacing, and making sure to measure at the trailing edge,
centre and leading edge of the advance. This provided a record of the
thickness of the lining and ensured that there were no areas where the
lining was too thick (i.e. within the envelope of the SGI lining) or too
thin.

THE RESS PROCESS

The TunnelBeamer profiles, sprayed concrete strength testing and
face logs were reviewed at a “Daily Review Meeting’. Details of com-
pensation grouting, surface settlements and monitoring of existing
structures, both at the surface and underground, as well as monitoring
of the tunnels under construction were also reviewed. The Daily
Review Meetling was commonly referred to as the ‘RESS’ meeting
because the ‘Required Excavation and Support Sheets” were also pre-
sented and reviewed. The RESS detailed the precise excavation sequ-
ences and sprayed concrete support requirements, and would usually
cover the next few days of work.

SGI LININGS

The theoretical profile of the sprayed concrete primary lining intra-
dos was 100 mm outside the extrados of the SGI linings (Figure 3).
This was to allow for overspraying, to allow the necessary expansion
of the ring to insert the key segment, and to allow the free flow of grout
around the SGT lining once installed. The bottom half of the SGI lining
up to axis level was installed on timber packing. Again, a reflectorless
laser total station was used to ensure the accurate positioning of the
segments, similar to the ones used with the TunnelBeamer, but without
the armoured hood. This allowed greater accuracy to be achieved,

Obr. 8 Aplikace stiikaného betonu systémem TunnelBeamer
Fig. 8 Spraying concrete using the TunnelBeamer system
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Technik mohl zamifit laser na kterykoli bod a zjistit jeho vzddlenost od
teoretického lice virubu, lice poéidteéni vrstvy nebo primdrni vrstvy stri-
kaného betonu, stejné jako pomoci jakéhokoli standardniho softwaru pro
niveletu. Kvili mnoZstvi prachu pii stifkéni bylo ziskdn{ skute€nych &tenf
totdlnich stanic ¢asto nemoZné. Z toho divodu se daly dvé totdlni stanice
pouzit soutasné, na kazdé strané tunelu jedna s tim, Ze ,,hlavni* totdlni sta-
nici zamiil technik a motorizovana podfizend totdlnf stanice automaticky
vyslala laserovy paprsek tak, aby prekiiZil hlavni laserovy paprsek v bodu,
kde byl protnut teoreticky lic. To znamenalo, Ze nastfikdva¢ uvidél na sténé
tunelu dvé tetky od lasertl, které se s rostouci tloudtkou ndstriku betonu pfi-
bliZovaly k sob&. V okamZiku, kdy se tecky setkaly, bylo nastiikéni poZa-
dované tloustky skoCeno. To vyZadovalo dokonaly systém dorozumivani
mezi technikem a stifkafem, co se tyée polohy laseru a a jeho presunutf,
jelikoZ hlasovd komunikace byla obtiznd v prubéhu stifkdni, kdy se pou¥i-
valy respirdtory a ochranné piilby s privodem vzduchu. Technik potiebo-
val, aby mohl rychle zjistit a fesit jakykoli problém se systémem
TunnelBeamer, jelikoZ to, Ze nebyly pouZivany prihradové ramy, zname-
nalo, Ze nastifkdva¢ by musel v pripadé problému polohu obrysu odhado-
vat. To kladlo na inZenyry pii stifkdni{ velké nédroky.

InZenyfi pouZivali program TunnelBeamer k zaznamendvédni obrysu
vyrubu a stifkaného betonu. ZaméTovaly se profily v intervalech mengich
nez 0,5 m. Méreni se provddélo na zadni hrané, uprostied a na predni
hran€ zabéru. Tim se ziskal zdznam o tloustee osténi a zajistilo se, e nee-
xistovaly Zddné oblasti, kde by bylo osténi prili§ silné (fj. uvniti obdlky
litinového osténi) nebo prilis tenké.

TABULKY VYRUBU A ZANSTENI

Zaméfen{ profilil systémem TunnelBeamer, zkouSky pevnosti stifka-
ného betonu a popisy Celeb vyrubu byly kontrolovany na dennich kon-
trolnich schiizkdch spolu s podrobnostmi o kompenzaZni injektdZi, pohy-
bech povrchu a monitoringu konvergenci novych a stdvajicich tuneld.
O dennich kontrolnich schilzkdch se bézné mluvilo jako o jednénich
o tabulkéch s poZadavky na razbu a zajiSeni vyrubu (ddle jen tabulky
razby a zaji§téni), jelikoZ se na nich tyto tabulky také predkiddaly
a kontrolovaly. Tabulky raZby a =zaji$téni obsahovaly podrobnosti
o presnych postupech razby a poadaveich na zajifién{ stitkanym beto-
nem. Obvykle pokrivaly prici na nékolik nisledujicich dnt dopfedu.

OSTENI Z LITINY

Teoreticky profil vnitintho lice primdrniho osténf ze stifkaného betonu
byl 100 mm od vnéjiho lice osténi z litiny (obr. 3). Tento prostor mél
umoznit pripadné prekroteni tloustky stifkaného betonu, rozepnutf
prstence pro vloZeni zdmkového dilce a dovolit volné proudéni injektaz-
ni smési kolem litinového osténi po jeho instalaci. Spodni polovina liti-
nového osténi do Grovné osy tunelu se stavéla na drevéné podlozky. Opét
se pouZivala bezreflektorovd laserovd totdln stanice, kterou se zajistbva-
lo pfesné umisténi dilcl, podobnd ém, které se pouZivaly se zatizenim
TunnelBeamer, aviak bez pancéfového krytu. To umoZnilo dosaZenf vats{
presnosti, jelikoZ kryt branil pouZiti dalekohledu k protindni vzad a dal se
pouzivat pouze laser, ktery se zaméfoval na terd pouhym okem.

Pod drovni osy tunelu se dilce z litiny uklddaly pomoci bagru,
s pouzitim lan a zdvést. Nad drovni osy se dilce uklddaly specidlng vyro-
benym adaptérem — manipuldtorem (obr. 9). Manipuldtor umoZioval,
aby bagr dflce zdvihal a umistoval je pii 6 stupnich volnosti. Kdy# byl
dilec na misté, &lenové obsluhy pouZili pojizdnou ploginu a zasunuli spo-
Jjovaci Srouby.

Pii pouZiti totdln{ stanice se daly dilce ukladat s vysokym stupném pies-
nosti, bezpeéné v danych tolerancich. PrileZitostné, v zivislosti na ven-
kovnim osvétleni, sile laseru a Ghlu dopadu laseru na povrch, se mohla
totdln{ stanice $patné predist. Aby se toto nebezped{ zmirnilo, tmavosedé
dilce byly v rozich, kde se &teni provddéla, nastifkiany bilou netrvalou bar-
vou. Aby se daly prstence snadno montovat, byvlo dileZité, aby se udrio-
valy uvnitf toleranci. Dilce se daly rovnat do sméru nivelety, do sméra kol-
mého na niveletu, do svislice a do profilu pomoci $pidatych kladiv nebo
trnd, kterymi se vystiedovaly pifsluiné otvory pro Srouby. Efektivni
a presnd montd? prstence z litinovych diled vyZadovala velmi zruéné
a zkuSené montazniky.

Litinové prstence se liSily pramérem. Vnitini primér se pohyboval od
3500 mm do 8650 mm podle daného tunelu. K zatdten{ kolem rohil a na
spodu a na vrcholu eskaldtorovych a schodiStovych tunell se pouzivaly
klinové prstence. Tam, kde dochézelo ke zméné priiméru, se provadély
monolitické betonové prstence. Viechny prstence mély délku 600 mm,
s vyjimkou klinovych prstencii, u kterych se délky liily, aviak nebyly
nikdy v priméru vétsi neZ 600 mm. JelikoZ primami zajistdni bylo

N )
Obr. 9 Bagr s ndstavbon manipuldtoru pouZivany k budovdni prstencu
z litinovych dileii v eskaldtorovém tunelu NLA
Fig. 9 An excavator with a manipulator attachment being used to build an
SGI ring in the NLA escalator barrel

since the hood prevented use of the telescope to resection and only the
laser could be used and centred on the targets by eye.

The SGI segments were placed using an excavator. This was done
using strops and shackles below axis level. Above axis level, the seg-
ments were placed using a specially-made ‘manipulator’ adaptor
(Figure 9). The manipulator allowed the excavator to pick up the seg-
ments and position them with 6 degrees of freedom. Once the segment
was in position, the operatives then used a mobile access platform to
insert the bolts.

Using the total station, the segments could be placed with a high
degree of accuracy well within the tolerances. Occasionally, depending
on the ambient light, the strength of the laser and the angle of the laser
to the surface, the total station could misrcad. To mitigate this. the
dark-grey segments were spray-painted white in the corners where the
readings were to be taken with non-permanent paint. It was important
to keep the rings well within tolerance to ensure an easy build. The
segments could be kept on line, square, plumb and profile by hamme-
ring pick heads or podgers through the right boltholes. Being able to
build an SGI ring efficiently and accurately required highly skilled and
experienced ringbuilders.

The SGI rings varied in diameter from 3500 mm internal diameter
up to 8650 mm internal diameter, depending on the tunnel. Tapered
rings were used to turn around corners and at the top and bottom of the
slope in the escalator and stair barrels, and concrete collars were pou-
red where there was a change in diameter. All the rings were 600 mm
long, except the tapered rings which varied in length but were never
more than 600 mm long on average. Since the primary support was
being provided by the sprayed concrete lining, it was not necessary to
grout after each ring. However, the rings had to be grouted beflore the
excavator used to erect the segments could be moved forward onto
them, so usually this meant that they were grouted every 5 or 6 rings.

TIMBER HEADINGS

On some occasions, because of the tight spaces where excavations
had to be made, it was not possible to use sprayed concrete as the pri-
mary support and timber headings were used instead. One of these
locations was the Piccadilly Line MIP (mobility-impaired persons) lift
(Figure 4c). The MIP lift shaft went down between a push/pull vent
tunnel, an existing relay room for track signalling, a crosspassage and
a passenger concourse tunnel. The internal space required for the lift
equipment was 2.4 x 2.8 m, and there was insufficient space to spray
a near-circular sprayed concrete shaft outside of this envelope.
Therefore the shaft was excavated by hand and supported by 1 m
lengths of 225 x 100 mm timbers. The timbers were pushed against the
ground by wedging them off steel [rames, which were later concreted
in as part of the permanent works, as shown in Figure 10. The steel fra-
mes were hung on threaded bars coupled together, with a nut suppor-
ting the frame and allowing it to be adjusted to the right level.

In Figure 10 one can see the opening for the lower lobby of the lift.
The steel beams in this area could be unbolted to allow timber hea-
dings to be mined out from the shaft. A top heading was driven first,
in three stages, firstly down the middle and then to each side (Figure
11). After the first heading was excavated, the crown beams were
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pomoci osténi ze stifkaného betonu, nebylo nutné zainjektovévat kazdy
orstenec ihned po jeho postaveni. Prstence se viak musely zainjektovat
ofed tim, neZ se na né mohl presunout bagr, pouZivany na jejich instala-
<i. co? obvykle znamenalo, Ze se injektovalo vZdy 5 nebo 6 prstenct.

RAZBY ZAJISTOVANE VYDREVOU

Pri nékolika prileZitostech nebylo z divodu omezeného prostoru
+ mistech ra¥by moZné pouZivat stifkany beton jako primdrni zajistén{
w¥rubu a misto toho se pouZila vidieva. Jednim z téchto mist byl vytah
oo pohybové postiZené osoby na trase Piccadilly (obr. 4 ¢). Spodek Sach-
= pro tento v¥tah se nachézel mezi foukacim/sacim vétracim tunelem,
siAvajici reléovou mistnosti pro zabezpeCovaci systém trati, spojovacim
zmelem a tunelem vestibulu. Vnitini prostor, potfebny pro zaffzeni vyta-
Gu. byl 2,4 x 2,8 m a vné této obdlky nebyl dostatek mista na provadéni
=mer kruhového osténi Sachty ze stifkaného betonu. Proto se Sachta
Aloubila ruéng a byla vystrojovina 1 m dlouhymi dievénymi hrancly 225
= 100 mm. Hranoly se pritlaovaly k horniné zaklinovénim proti ocelo-
“¥m rdamum, které byly pozdéji zabetonovény jako souédst trvalého dila
(obr. 10). Ocelové rdmy byly zavéSeny na spojovanych zdvitovych
wéich, na kterych byly matice, které tyto rdmy podpiraly a umoZiovaly
ostaveni ramu do spravné vysky. .

Na obr. 10 je moZno vidét prostup do spodni vytahové haly. Ocelové
nosniky mohly byt v tto oblasti odiroubovdny, aby se umoZnilo provadé-
of ruéni raZby s vidievou z vytahové Sachty. Nejprve se razila kalota. Jeji
z¥ba byla rozdélena do (i [dz{, nejdiive prostiedni &dst a potom boky (obr.
11). Po skonenf prvni fize razby se instalovaly korunové nosniky, které
bvly na konci pfiléhajicim k Sachté podepieny konzolami, prifroubovany-
mi do betonu Sachty. Na druhém konci byly podepfeny dievénymi podpé-
=2mi 300 x 300 mm, které stdly na betonovych podlozkach 450 x 600 mm,
vvsokych 150 mm (obr. 12). KdyZ se razily botni Stoly, bylo moZné opirat
paZenf stropu virubu o pasnici korunového nosniku. Stojky vydievy boc-
nich §tol byly uchyceny nahofe pomaci ,,yankee brob™ (ocelovych plecht
ohnutych do tvaru S) a dole leZely na osténi sousedniho stdvajiciho tune-
Tu. které bylo z litinovych dili. Stojky vdievy mély vzpéry 1:6. Ndsledné
sz virub prohloubil o dal3f 1 m s tim, Ze dfevéné paZiny na levé strang byly
podepirany dievénymi prevdzkami 300 x 150mm a stojkami, které byly
upevnény v osténi stavajiciho tunelu vestibulu na pravé strané pomoci oce-
lovych konzol. V tomto malém prostoru se na vngjsi strané odkrytého osté-
of musel instalovat pieklad a homi &dst sloupkd zdrubné, které byly
& osténi profroubovény. Opét, jako u Sachty, bylo nutno smontovat occlo-
+& rdmy, které se obalily ocelovou siti, aby se zajistilo dostatedné kryti
betonu. K paZeni stropu se pfipeviiovaly injektédZni a odvzdudiiovaci trub-
kv. Do v8ech spér v betonu se vklddal t€snici pas a kolem celého prostupu
do tunelu vestibulu se osazovaly tésnic pdsky. Potom se muselo uvnitf
zhotovit bednéni podhledu. Strop se betonoval shora, z horniho vestibulu,
Zrvfmi otvory o pruméru 250 mm, které byly pfedtim za timto Gcelem
vyvrtdny. PouZil se samozhutnitelny beton, jelikoZ vibrace nebyly pripust-
né. Povrch betonu byl vyborny a vpliiovou injektdZi nebyly zjidtény
z4dné dutiny. Usili a zru¢nost raziél, zime&nik( a tesart, ktef{ pfekondva-
li potiZe na této &dsti dila a vytvofili tak kvalitni produkt, byly tictyhodné.

Kdy# strop dosdhl pevnosti, pfi které byl schopen nést nadlozn{ horni-
2w, bednéni bylo odstranéno a zbytek spodni haly byl t8Zen smérem dolt
ve dvou etapach s tim, 7e se instalovaly dalsi dvé drovné dfevenych pre-
vizek a stojek v kaZdé etapé. KdyZ byly tyto price dokonCeny, musel se
smontovat a obalit siti zbytek ocelovych ramil. Déle se musely osadit spod-
nf Edsti sloupkd zdrubné a préh zdrubné. Nésledovala betond? protiklenby
a stén, v jejfim? pribéhu se postupné odstrafiovaly jednotlivé drovné stojek.
Pracovisté tedy bylo velmi stisnéné.

Viechny ruéni razby byly sledovény inZenyry, aby bylo zaji$téno, Ze
pohyby budou v piijatelnjch mezich. Toho se dosdhlo nivelatnim mére-
afm korunovych nosnikii a méfenim konvergenci stojek vydievy.
Nejprve se pouZivala olovnice a pdsmo, kterymi se méfily pohyby stojek
vidfevy ve vztahu k ose vyrubu, na kaZdé strané samostatné. Ukdzalo se
viak, 7e to bylo nepresné a pfili§ ndchylné k chybdm Cteni, napiiklad
z diivodu pohybu Siiliry, vyznadujici osu razby. Proto se pouZil ddlkomér,
kierym se méfila vzdilenost mezi protilehlymi stojkami, coZ byl proces
opakovatelny s pfesnosti + 1 mm.

TUNELOVE PROPOJKY

Propojky z novych tuneli do ndstupi§tnich tuneld se provédely
s pouZitim standardniho postupu. Vzddlenosti byly obvykle krétké,
+ firovni osy to bylo béZné 1-3 m. Nejprve se pri montézi litinového osténi
nstalovala sada dilet, tvofici ocelovy rdm kolem prostupu, a pevné se
zainjektovala do stitkaného betonu. Poté se stifkany beton vyboural

Obr. 10 Sachta vytahu pro pohybové postifené osoby u pFistupu na trasu
Piccadilly po betondZi
Fig. 10 The PLA MIP lift shaft after concreting

installed and were supported at the shaft end by brackets bolted into
the shaft concrete and at the far end by 300 x 300 mm timber props res-
ting on 450 x 600 x 150 mm deep concrete footblocks (Figure 12). As
the side headings were excavated, the headboards could be supported
by the flange of the crown beam. The sidetrees of the side headings
were held in at the top by a yankee brob (a steel plate bent into an
S-shape) and at the bottom rested on the adjacent existing tunnel
linings, which were of cast iron construction. The sidetrees had a sprag
of 1:6. Then another Im was excavated vertically downwards with
facing timbers on the left hand side supported by 300 x 150 mm tim-
ber walers and struts, held in place against the existing concourse tun-
nel lining on the right hand side by steel brackets. In this small space,
the lintel and top sections of the jambs of the jamb frame had to be
installed on the outside of the exposed concourse tunnel lining, and
bolted through. Again. like the shaft, steel frames had to be assembled
and wrapped in steel mesh, ensuring sufficient cover to the concrete.
Grout/breather tubes were affixed to the headboards, waterbar was pla-
ced on all the concrete joints and gaskets were placed around the futu-
re opening in the concourse tunnel. Then the soffit shutter had to be
built inside. The soffit was poured from the upper lobby above,
through four 250 mm diameter holes that had been drilled previously
for this purpose. Self-compacting concrete was used, since vibration
was not possible. The finish was excellent and back-grouting found no
voids. The commitment and skill applied by the miners, fitters and car-
penters in order to overcome the difficulties of this part of the work
and produce such a high quality finished product was awe-inspiring.

Once the soffit had gained sufficient strength to support the ground
above, the shutter was struck and the rest of the lower lobby was exca-
vated downwards in two stages, installing two more levels of timber
walers and struts at each stage. Once complete, the rest of the steel fra-
mes had to be assembled and wrapped in mesh, the lower sections of
the jambs and the sill of the jamb frame had to be installed and then
the invert and walls were concreted, removing a level of struts with
each pour. The work area was therefore very congested.

All the timber headings were monitored by the engineers to ensure
that movements were within acceptable limits. This was achieved by
levelling the crown beams and by measuring the convergence of the
sidetrees. At first a plumb-bob and tape measure was used to measure
the movement of the sidetrees relative to the centreline of the excava-
tion on each side independently. However, this was found to be ina-
ceurate and too susceptible to misreading caused by, for example,
movement of the stringline marking the centreline. Therefore,
a distometer was used to measure across from one sidetree to its oppo-
site number, which was repeatable to an accuracy of = 1 mm.

CROSSPASSAGES

Crosspassages from new tunnels into existing platform tunnels fol-
lowed a standard sequence. Usually the distances were short, with
a typical distance at axis level of 1-3 m. First, a steel frame opening set
would be erected while installing the SGI lining, and grouted tight to
the sprayed concrete. Then, the sprayed concrete would be broken out
and the crosspassage would be excavated by hand in 9 stages. First, the
central top heading would be excavated as shown in Figure 13, expo-
sing the existing tunnel lining, and crown beams installed. Then the
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Obr. 11 Dolni hala vytahu pro pohybové postiZené osoby u pristupu na trasu Piccadilly — postup vystavby
Fig. 11 Construction sequence of the PLA MIP lift lower lobby
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Obr. 12 Kalota dolni haly v¥tahu pro pohybové postifené osoby u pristupu na
zrasu Piccadilly — pohled od tunelu vestibulu

Fig. 12 Top heading of the PLA MIP lift lower lobby viewed from the con-
course tunnel side of the excavation

= provedla se ruéni razba propojky, rozdélend do 9 fazi. Nejprve se razil
sifed kaloty (obr. 13). Kdy# se odkrylo osténi tunelu, osadily se korunové
nosniky. Nésledovala razba levé a pravé boéni §toly kaloty, kde se paZeni
sropu vyrubu opiralo na jedné strané o pésnice korunovych nosnikd a na
druhé strané o stojky vydfevy. Potom se zabetonoval strop. Nésledovala
rzFba protiklenby ve tfech stupnich a betond? protiklenby. Nakonec se
“vrazil stfed a vybetonovaly se stény. InjektdZ za vydfevu bylo obvykle
moZné providét pouze v nonich sméndch, kdy byly trasy metra zaviené,
oro piipad, Ze by si injektd? nasla cestu aZ na ndstupiSte.

Spi¥e neZ zdrubfiovym rdmem, prisroubovanym k vnéjiimu lici osténi
mnelu, kter? byl pouZivdn u vtahu pro pohybové postizené osoby, byly pro-
smupy v litinovém osténi stdvajicich tuneld zaji¥tovany sadou diled pro pro-
saipy. Ty se instalovaly v no&nich sménach, v ndstupistnich tunelech v dobé
+¥luk provozu vlakovych souprav, uréenjch pro idrzbu, pred raZbou pro-
pojek. Nastupisé se musela kazdé rano predédvat zpét pro pouZiti vefejnosti.
Na obr. 14 je dvojice dokonCengch propojek v pifstupu na trasu Northern
Line. Prostupy na ndstupisté se musely uzavift, aby se pracoviité oddélilo od
provozovanych ndstupiit'a byla zaji$téna bezpetnost vefejnosti.

KOMPENZACNI INJEKTAZ

Kompenzaéni injektdZ se uZivala k vyrovnavéni sednuti zpisobenych
=z7bami. Sestava pro kompenzacni injektd? byla instalovina ve stfedni
drovni uzlové Sachty (Hub Shift), aby se sniZilo seddni hotelu Great
Northern Hotel pii stavhé eskaldtorového tunelu pfistupu na trasu
Northern Line. Podobné se sestava pro kompenzacni injekt? instalovala
= mnelu Maiden Lane (obr. 15) nad spojovacim tunelem na pristup k trase
Piccadilly, ,kifzem™ a eskaldtorem, aby se kompenzovalo seddni nadrazi
King’s Cross, které je piimo nad nimi viemé citlivé stfedni nosné stény
me27i dvéma hlavnimi klenbami. Tfi drovné vrtl, které jsou vidét na obr.
13, se vrtaly pod roznymi tdhly z tunelu Maiden Lane tak, aby se
~ pidorysném pohledu vytvofila mifz. Tim se zajistilo dosaZeni dobrého

05r. 14 Dvajice dokon&enych propojek v pristupu na trasu Northern Line
Fig. 14 A pair of finished crosspassages in the Northern Line Access

Obr. 13 Prvni ruéni razba s vidievou v kaloté propojky; na konci Ize vidét
odkryté stavajict tunelové litinové osténi

Fig. 13 The first timber top heading of a crosspassage. The existing cast iron
tunnel lining can be seen exposed at the end

left and right top headings would be driven with the headboards sup-
ported by the flanges of the crown beams on one side and by the sidet-
rees on the other side. Then the soffit would be concreted. Next, the
invert would be excavated in 3 stages and concreted, and finally the
middle would be excavated and the walls concreted. Usually the tim-
bers could only be grouted during the nightshift while the underground
lines were closed, in case grout found its way through to the platforms.

The openings in the existing cast iron tunnel linings were suppor-
ted by an opening set, rather than a jamb frame bolted onto the outsi-
de of the tunnel lining as was done in the MIP lift. These were instal-
led in the working platform tunnels at night during engineering hours
when the trains were not running, before the crosspassages were exca-
vated. Every morning the platform had to be handed back for public
use. Figure 14 shows a pair of finished crosspassages in the Northern
Line Access. The opening into the platforms had to be sealed to sepa-
rate the worksite from the live platforms to ensure the safety of the
public.

COMPENSATION GROUTING

Compensation grouting was used to counteract settlements caused
by the tunnelling. A compensation grouting array was installed at an
intermediate level in the Hub Shaft to mitigate settlement of the Great
Northern Hotel while the Northern Line Access escalator tunnel was
being constructed. Similarly a compensation grouting array was instal-
led from the Maiden Lane tunnel (Figure 15) above the Piccadilly Line
Access passageway, cruciform and escalator to mitigate scttlement of
King’s Cross railway station directly above, including the sensitive
spine wall between the two main arches. The three levels of boreholes
that can be seen in Figure 15 were drilled at different angles from the
Maiden Lane tunnel, to produce a lattice of boreholes in plan. This

Obr. 15 Vrty pro kempenzaéni injektdZ ve starém tunelu Maiden
Fig. 15 Compensation grouting boreholes in the old Maiden Lane funnel
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Obr. 16 Udinek systému kompenzalni injektdie z ,,uzlové Sac

“ na sedani hotelu Great Northern Hotel

Fig. 16 Effect of Hub Shaft compensation grouting array on settlement of the Great Northern Hotel

pokryti oblasti a sniZeni vlivu pfipadnych chyb v disledku nepiesnosti
sméru vridni.

Pohyby hotelu Great Northern Hotel nad eskaldtorem piistupu na trasu
Northern Line jsou vidét na obr. 16. Kompenzatni injektdZ byla velmi
Uspésnd a udrZela pohyby v prijatelnych mezich hlavne tak, Fe se terén
nadzdvihl predem, pred zahdjenim raZeb eskaldtorového tunelu,
a pohyby se vyrovndvaly ndsledné.

ZAVER

RaZby tuneli na projektu prestavby stanice metra King’s Cross byly
velmi tspéné. Nedoslo k Zddnému poskozeni stivajici infrastruktury ani
na povrchu ani v podzemi, a ohromné mnoZstvi [idi, pohybujicich se
v ulicich, cestujicich londynskym metrem nebo nastupujicich na vlaky
jedouci na sever Anglic na nadrazi King’s Cross, nebylo nikdy vystave-
no Zadnému riziku. Jednou, a to brzy, snad budou pote€3eni vylepSenou
stanici metra s jeji zvySenou kapacitou a zlepSenou pristupnosti. Stavéli
Jji nikym nevidéni pracovnici pouze nékolik metri (a nékdy i méné nez
metri) od mist, kde kazdy den stéli a &ekali na piijezd svého vlaku.

DR. BENOIT D. JONES M. Eng. Eng.D.,
benoitjones@yahoo.co.uk, MORGAN EST
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