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NORSBORG - PODZEMNE DEPO METRA V STOKHOLME
NORSBORG - STOCKHOLM METRO UNDERGROUND DEPOT

PETER BALUSIK, ONDREJ VIDA, PETER FERANCIK

ABSTRAKT

Projekt podzemného depa Norsborg v Stokholme je momentdlne najvéicsim podzemnym projektom vo Svédsku. Tak rozsahom raziacich prdc
v podzemi, zloZitostou systému podzemnych kaverien, tunelov a prepojent, ako aj polohou v intravildne mestskej Casti Stokholmu je projekt
vyzvou pre organizdciu vystavby, samotné raziace prdce a v neposlednom rade i geodetickii sluzbu. Velky rozsah vrtnych, trhacich prdc a obje-
mu vyvdzanej horniny v krdtkom case a pri dodrZani vSetkych obmedzeni siivisiacich s blizkostou obytnej zony vyZaduje profesidlny pristup na
vSetkych vrovniach projektu — od investora, projektanta az po posledného tuneldra v osddke. Zdroven je projekt i stretom dvoch rozlicnych tune-
ldrskych pristupov v konfrontdcii Novej rakiiskej tunelovacej metody (NRTM) a Norskej tuneldrskej metody (NTM), preferovanej firmou
Skanska Sverige, pricom razenie prebieha podla zdsad NTM. KaZdd z tychto metod je postavend na rozdielnych zdkladoch, preto je tento stret
,, kultiir  velini zaujimavym obohatenim tak pre slovenskych, ako aj pre svédskych kolegov.

ABSTRACT

The project for the Norsborg underground depot for the Stockholm metro is currently the largest underground construction project in Sweden.
The project presents a challenge to the works organisation, the tunnelling operations themselves and the survey service in terms of both the
extent of the underground excavation work, the complexness of the system of underground caverns, tunnels and cross passages, as well as its
location within the urban area of Stockholm. The large extent of drilling and blasting work and the volume of ground to be carried from the
underground during a short period, complying with all restrictions associated with the close proximity of a residential zone, requires a profes-
sional attitude at all project levels — from the project owner and the designer to the last member of the tunnelling crew. At the same time, the
project presents a clash between two different tunnelling approaches, where the New Austrian Tunnelling Method (the NATM) is confronted
with the Norwegian Tunnelling Method (the NTM), which is preferred by Skanska Sverige, with the NTM principles being applied to the exca-
vation. Each of the methods is based on different foundations, which is the reason why this clash between “cultures” is very interesting enri-

chment for Slovak as well as Swedish colleagues.

ovob

Projekt Norsborgdepan E2 je druhym podzemnym projektom
v intraviline hlavného mesta Svédska realizovanym
za spoluprdce Skanska Sverige AB a Skanska SK a. s. — Zdvod
Tunely SK. Prvym v poradi bol projekt Norra Lanken NL11
(severny obchvat Stokholmu), o ktorom bol &ldnok v tomto
Casopise ¢. 3/2011.

Projekt NorsborgdepCn sa sklad4 z dvoch &asti:

e El — kone&na stanica Gervenej linky metra v Stokholme.
Tato Cast’je prakticky celd realizovand na povrchu a sklada
sa z budovy samotnej konecnej stanice spolu s velkym par-
kovacim domom a napojenim na infraStruktiru mestskej
Casti Norsborg.

e E2 — podzemné depo na konci Cervenej linky metra
v Stokholme, skladajtice sa z troch podzemnych lodi, ktoré
budi sldzit' na parkovanie, ddrzbu a umyvanie voznov
metra (obr. 1).

Investorom projektu je SL (AB Storstockholms Lokaltrafik =
mestskd hromadnd doprava ,,velkého* §tokholmu), cast El je
realizovand spolo¢nostou NCC a Cast' E2 spolo¢nostou Skanska
Sverige AB, Stora Project — Undermark Projekt, priCom razia-
ce a geodetické prace vykondva Skanska SK a. s. — Zdvod
Tunely SK.

OPIS PROJEKTU A POSTUP PRAC
Zéakladné parametre podzemného depa:
+ dizka razenia cca 2 900 m
e plocha vyrubu od 20 m2 — 180 m?
e parametre hlavnych kaverien:

o Huvudtvirtunnel 125-160 m? 100 m
o Uppstallningstunnel 1 160-250 m? 400 m
o Uppstallningstunnel 2 160-220 m? 300 m
o Uppstallningstunnel 3 130-170 m? 450 m
o Drifttunnel 31-220 m? 160 m

INTRODUCTION

The Norsborgdepéan E2 project is the second underground con-
struction project realised within the urban area of Stockholm, the
capital of Sweden, by Skanska Sverige AB collaborating with
SKANSKA SK a. s. — Zavod Tunely SK plant. The first in the
sequence was the Norra Linken NLI11 project (the northern
Stockholm by-pass), which was the topic of a paper published in
this journal issue No. 3/2011.

The Norsborgdepan project consists of the following two
parts:

e E1 — the terminus of the metro Red Line in Stockholm. This
part is virtually completely built on the terrain surface. It
consists of the station building itself, a large parking garage
building and the connection to the infrastructure of the
municipal district of Norsborg.

e E2 — the underground depot located at the end of the Red
Line in Stockholm, consisting of three underground bays,
which will serve to parking, maintaining and washing of
metro trains (see Fig. 1).

The project owner is SL (AB Storstockholms Lokaltrafik = the
urban mass transit company for the City of Greater Stockholm);
the contractor for the El part is NCC, whilst Skanska Sverige
AB, Stora Project - Undermark Project is the contractor for the
E2 part, with Skanska SK a.s. — Zavod Tunely SK plant carrying
out the tunnelling and survey work.

PROJECT DESCRIPTION AND WORK PROCEDURE

Basic parameters of the underground depot:

e excavation length about 2900m

e excavated cross-sectional area ranging from 20m? to 180m?
e parameters of the main caverns:

o Huvudtvirtunnel 125-160m? 100m
o Uppstallningstunnel 1 160-250m? 400m
o Uppstallningstunnel 2 160-220m? 300m
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Obr. 1 Situdcia projektu Norsborgdepdn v Stokholme
Fig. 1 Norsborgdepan project in Stockholm layout

e objem vytaZenej horniny spolu 306 000 m3

e 22 300 svornikov

e 84 000 m? strieckaného beténu

e 76 injektdZnych ddZdnikov (cca 410 t cementu)

Raziace a zaistovacie prace su realizované v zmysle tzv.
NTM s posudzovanim geoldgie podla klasifikacného systému
Q. Geologicku stavbu masivu tvoria granity a granitické ruly so
systémom diskontinuit. ObCasne sa vyskytuji i malé tdtvary
poruSenej horniny. Z hydrogeologického hladiska je masiv
suchy, vzhladom na relativne nizke nadloZie (10-30 m) sa
obcasne vyskytuju priesaky vody z povrchu cez systém diskon-
tinuit.

Postup razenia, v zmysle principov NTM, je relativne jedno-
duchy. Nosnymi operdciami st vrtno-trhacie prace, odtazba
horniny a profildcia ¢elby (strojnd a ruc¢nd). Zaistovanie profi-
lu tunela striekanym beténom s rozpylenou ocelovou vyztuzou
a svornikmi sa realizuje najskor po troch zdberoch (cca 15 m),
pokial to stav horninového masivu dovoluje, aj po 30 m. Po
obhliadke a odobreni stavu vylomu geolégom investora je
potom vylom zaistovany obvykle po 15 m tsekoch (obr. 2).

KedZe obe Casti projektu E1 a E2 sa zadali realizovat’ prak-
ticky v rovnakom cCase, bolo nutné podzemnu cast’ projektu
otvorit’ z opacnej strany cez pristupovy tunel (Arbetstunnel)
diiky 230 m (plocha vyrubu cca 60 m2). Arbetstunnel sa stal
jedinou pristupovou cestou do priestoru razenia, ¢o spolu
s priestorovo velmi obmedzenym zariadenim staveniska na
povrchu a obmedzujicimi podmienkami v sudvislosti
s blizkostou obytnej zony, vytvdra velky tlak na organizaciu
préac a koordinéciu jednotlivych operécii.

Stavba je rozdelend na spojovaci tunel (Huvudtvirtunnel),
z ktorého vychadzaji do oboch stran 3 kaverny -
Uppstillningstunnel 1, 2 a 3. Huvudtvirtunnel potom pokracu-
je do vetracieho tunela (Drifttunnel) a komunika¢ného tunela
(Komunikationstunnel), ktory vychddza na povrch a je jednym
z troch spojovacich bodov s povrchovou castou projektu.

450m
160m

o Uppstallningstunnel 3 130-170m?
o Drifttunnel 31-220m?
 aggregate excavated ground volume 306,000m?

e 22300 rockbolts

* 84,000m? of shotcrete

e 76 grouting umbrellas (about 410t of cement)

The tunnelling and excavation support operations are carried
out according to the NTM, with the geology classification accor-
ding to the Q-system. The geological structure of the massif is
formed by granites and granitic gneiss with a system of disconti-
nuities. Small formations of fractured rock occur occasionally. In
terms of hydrogeology, the massif is dry. With respect to the rela-
tively shallow overburden (10-30m), water seepage from the sur-
face through the discontinuity system occurs occasionally.

The excavation procedure following the NTM principles is
relatively simple. The main operations consist of the drill-and-
blast, mucking out and the profiling of the face (both mechani-
cal and manual). The tunnel profile support consisting of steel
fibre reinforced shotcrete and rockbolts is being installed after
three excavation rounds at the latest (about 15m), even at the
distance of 30m behind the face if the rock mass condition per-
mits. After inspecting and assessing the condition by project
owner’s geologist, the excavation is usually provided with the
support in 15m long sections (see Fig. 2).

Because of the fact that the work on the two parts of the pro-
ject, E1 and E2, commenced virtually simultaneously, it was
necessary to open the underground part of the project from the
opposite side, through a 230m long access tunnel (the
Arbetstunnel) (the excavated cross-sectional area of ca 60m?2).
The Arbetstunnel became the only access route to the heading,
which fact, together with the restricted space for construction
site facilities and the restricting conditions associated with the
proximity of the residential zone, asserts great pressure on the
organisation of work and coordination of individual operations.
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Obr. 2 Vystrojovacie triedy
Fig. 2 Excavation support classes

VSsetky tri kaverny Uppstéllningstunnel 1, 2 a 3 sa v 360° okru-
hu spdjaji a cez zdpadny a vychodny tunel vchadzaji do po-
vrchovej Casti (obr. 3, 4).

Postup razenia jednotlivych tunelov a kaverien bolo nutné
prisposobit’ naslednym prdcam na povrchovej Casti projektu
v mieste spojenia oboch Casti. Prioritou bolo vyrazit’ spojovaci
tunel a cez prvu Cast vetracieho tunela a komunikac¢ny tunel sa
dostat’ na povrch. Velké mnoZstvo pracovisk (v sticasnej dobe
sa pracuje na 7 Celbach) vytvara predpoklady, pri dobrej orga-
nizicii a koordindcii pric, na efektivne vyuzitie kapacit strojov
a mechanizmov. Na projekte si obmedzenia pre vrtné price,
strojnu profildciu a trhacie prace:

e vrtné prace a strojnd profildcia: pondelok — piatok od

7:00-19:00 h.,

Vétraci tunely
Ventilation tunnels

Spojovaci tunel
Comunication tunnels

Pfistupovy tunel
Access tunnel

Obr. 3 3D model podzemného depa
Fig. 3 3D model of the underground depot

The construction is divided into a connecting tunnel
(Huvudtvértunnel) with three caverns — Uppstillningstunnel 1, 2
and 3 — stemming to both sides. The Huvudtvirtunnel continues
further to a ventilation tunnel (Drifttunnel) and a communication
tunnel (Komunikationstunnel), which emerges on the surface and
is one of the three points linking the underground with the at-
grade part of the project. All of the three Uppstillningstunnel 1, 2
and 3 caverns are interconnected within a 360-degree circuit and

Obr. 4 Pohlad do spojovacieho tunela
Fig. 4 View down the connecting tunnel




Obr. 5 Nakladanie a odtazZba, v pozadi strojnd profildacia &elby
Fig. 5 Loading and mucking out; mechanical profiling in the background

¢ trhacie prace: pondelok — piatok od 7:00-22:00 h.

Oba vrtné vozy (Atlas Copco XE3C) st nasadené prakticky
celych 12 h, ked je moZno vitat, takZe servis a tdrzba je vyko-
ndvand len v noci, resp. cez vikendy. Trhacie price st vykona-
vané v dvoch ¢asoch (11:30 a 21:00 h.), aby bol zabezpeceny
dostatok horniny pre odtazbu, ktord prebieha denne od 12:00
do 7:00 h. Pre nakladanie je pouZivany naklada¢ Volvo L350F
s objemom lopaty 7 m3 a naklad4 sa priamo na cestné ndklad-
né autd (odvoz na sklddku mimo stavby priamo z tunela).
Strojni profilaciu vykondvaju 2 kolesové rypadla Liebherr 924
(obr. 5). Osadku na razeni tvori spolu 34 pracovnikov zdvodu
Tunely SK.

Projekt pocita s osadenim vnitorného ostenia (inner lining) —
izoldcii proti odkvapom vody vo vic¢Sine podzemnych priesto-
rov depa. Geologicky prieskum dzemia predpokladal minim4l-
ne pritoky vody, preto nie je aplikovana systematickd injektaz,
ako je to v Skandindvii obvyklé. InjektaZ predpolia sa realizu-
je na zdklade skdSok priepustnosti predpolia masivu — Lugeon
test. Tento sa vykonava kazdy treti (24 m vrty), resp. Stvrty
zdber (27 m vrty). Lugeon test spo¢iva v navitani 3 testovacich
vyvrtov vo vnitri profilu a v samotnom teste priepustnosti.
Pomocou injektdznej sipravy Atlas Copco Unigrout je po vypl-
neni vyvrtov voda tlatend poc¢as 2 min. pri konStantnom tlaku
0,7 MPa. Pokial masiv odoberie menej nez 12 1 vody, injektdz
nemusi byt vykonana a razenie pokracuje dalej.

Pokial masiv odoberie viac nez 12 1 vody aspon v jedom
vyvrte, nasleduje injektdZ predpolia. Pri tejto sa vita 16 vyvr-
tov dlzky 24, resp. 27 m nad obrys tunela. Na vitanie je pouZi-
vany tzv. Carousel osadeny na krajnych lafetach vitacieho voza
AC XE3C. Tento systém umoznuje automatizované vitanie
dlhych vyvrtov pouzitim revolverového zdsobnika vrtnych tyci.
Vitanie jedného vyvrtu diiky 27 m, spolu so spidtnym vytaho-
vanim ty¢i, trvd v priemere 45 min. Doposial bolo na projekte
vykonanych 12 injektdzi predpolia (okrem pristupového tunela,
ktory je doCasnou stavbou).

TRHACIE PRACE

Razenie celého podzemného diela je vykondvané vrtno-trha-
cimi pracami, na ktoré boli strelmajstri Skanska SK zaskoleni
a preskuSani Svédskym certifikanym orgdnom (Berg
Utbildarma AB). Ten na zdklade vykonanych skusok vystavil
strelmajstrom osvedcenie na vykondvanie trhacich prac platné
na 10 rokov pre celé tizemie Svédska. Dodéavatelom trhavin,
rozbuSiek a vSetkého materidlu potrebného na vykondvanie
trhacich prac je Spanielska firma Maxam. Pracovnici tejto firmy
st Casto pritomni pri vykondvani trhacich prac na stavbe, hlav-
ne z dovodu sledovania kvality ich produktu a jeho kalibracie.
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enter the at-grade part via the western tunnel and eastern tunnel
(see Figures 3 and 4).

The procedure for the excavation of individual tunnels and
caverns had to be accommodated to the subsequent work on the
at-grade part of the project in the location where the two parts
merge. The priority was to drive the connecting tunnel and get to
the surface through the first part of the ventilation tunnel and the
communication tunnel. The great quantity of working places (the
work is currently proceeding at 7 headings) creates conditions
for the effective exploitation of the capacities of machines and
mechanisms if the operations are organised and coordinated pro-
perly. There are the following time restrictions applied to the
project, regarding drilling, profiling and blasting operations:

e drilling and mechanical profiling: Monday — Friday from

7:00 — 19:00 hours

e blasting: Monday — Friday from 7:00 — 22:00 hours

Both drilling rigs (Atlas Copco and XE3C) are deployed vir-
tually for all 12 hours when drilling is possible, therefore servi-
cing and maintaining is carried out only during the nighttime or
during weekends. Blasting is carried out at two times (11:30 and
21:00 hours) so that the sufficient volume of muck to be daily
carried from the underground from 12:00 to 7:00 hours is secu-
red. Muck is loaded by a Volvo L350F loader with the shovel
volume of 7m3 directly to road trucks (removing the muck to
a stockpile outside the construction site directly from the tunnel).
Mechanical profiling is carried out by 2 Liebherr 924 wheeled
excavators (see Fig. 5). The tunnelling crew consists of 34 wor-
kers of Zavad Tunely SK plant.

The design takes into account the installation of an inner lining
— insulation against dripping water — in the majority of underg-
round spaces of the depot. The geological survey of the area
assumed minimum water inflows. For that reason no grouting
system, which is customary in Scandinavia, is not applied. The
injection of grout into the advance core is carried out on the basis
of advance core permeability tests — the Lugeon test. This test is
conducted in every third or fourth excavation round (24m long
and 27m long drillholes, respectively). The Lugeon test lies in
drilling 3 test holes within the tunnel profile and the permeabili-
ty test itself. After the drillholes are full, water is compressed to
the constant pressure of 0.7MPa for 2 minutes by means of Atlas
Copco Unigrout grouting set. If the massif takes less than 12 lit-
res of water, grouting does not have to be carried out and the
excavation proceeds on.

If the massif takes more than 12 litres of water at least in one
drillhole, the grouting into the advance core follows. It compri-
ses 16 holes 24 and 27m long, respectively, drilled above the
tunnel contour. The drilling is carried out using the so-called
Carousel, which is mounted on side booms of the AC XE3C drill
rig. This system allows for automated drilling of long holes
using a revolving rod carousel. Drilling of one 27m long hole
and pulling of the rods out takes 45 minutes on average. To date,
12 cases of injecting grout into the advance core have been car-
ried out (with the exception of the access tunnel, which is
a temporary structure).

BLASTING OPERATIONS

The entire underground working is being excavated using the
drill-and-blast procedures, for which the Skanska SK shotfirers
were trained and tested by a Swedish certifying authority (Berg
Utbildarma AB). The authority issued permits for the execution
of blasting for shotfirers on the basis of successfully passed tests.
The permits were valid for 10 years for the entire area of
Sweden. Explosives, detonators and all materials required for the
execution of blasting are being supplied by Spain-based Maxam.
Employees of this company have been often present at the
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Pouziva sa emulznd trhavina, ktord je iniciovand neelektrickym
roznetom — systém Nonel.

Celba je nabijani pomocou nabijacej stpravy typu SSE,
Nobel Mix 1400-50-11-2A (vyrobca Nobel Technic, Norsko),
ktord je osadend na podvozku ndkladného auta, vybaveného
pracovnou plo§inou. Vzhladom na velkost tunelov a efektivitu
rychlosti nab{jania je siprava vybavend dvomi drovinami nabi-
jania — z ploSiny a zo zeme. Emulznd trhavina je tlacend do
vrtov ddvkovacim cerpadlom po predchddzajicom zmieSani
v8etkych zloZiek emulznej trhaviny v poZadovanom pomere.
PouZzivané su Styri rdzne merné ndloze vybu$nej zmesi pre jed-
notlivé Casti Celby — zdlom a obrys dna, pribierkové vrty,
pomocny obrys a obrys. Jednotlivé stupne si pracovnici pri
nabijani volia na ovladdaci. Aby bola zarucend spravna mernd
ndloz a suvislost’ plnenia trhavinovej ndloZe (string line pri
obryse a pomocnom obryse), aj rychlost’ vytahovania ddvkova-
cej hadice je riadena pocitacom. MnoZstvo Cerpanej zmesi, ako
aj ostatné parametre nabijania, si zaznamendvané v pocitaci
sdipravy. Pri najvacSich profiloch presahuje celkové mnoZstvo
trhaviny aZ 2000 kg na 5Sm zédber. Pouzivanie emulznej trhavi-
ny je v tychto podmienkach velmi efektivne. Cas na nabitie
&elby s plochou vyrubu 200 m2 a cca 260 vyvrtmi diiky 5,8m
trvd v priemere 4 h.

Vzhladom na to, Ze sa razi pod mestskou zdstavbou, velky
doraz sa kladie na sledovanie seizmickych d¢inkov na povrch.
TaktieZ uz spominané ¢asové obmedzenia na vykondvanie trha-
cich prac zna¢ne komplikuji ich priebeh. Tento faktor ma
velky vyznam pri stanovovani Casového sledu jednotlivych
pracovnych opericii pocas dennej zmeny, kedy je dovolené
tieto prace vykondvat. Aby sa minimalizovali stratové Casy
ovetrdvania, odpaly na jednotlivych Celbach sd nastavené na
¢as zmenovej vymeny vodicov nakladnych automobilov zabez-
pecujicich odvoz horniny na skladku.

Velky doraz sa kladie na dodrZiavanie bezpecnostnych pred-
pisov pocas vykondvania trhacich pric. Bezpecnostné Standar-
dy pri trhacich pracach si podobné, na aké sme zvyknuti
v naSich podmienkach (bezpecnostné zdény, komunikacia so
strelmajstrom, hliadky atd’). Takisto je velmi déleZité pouZiva-
nie ochrannych rukavic a okuliarov pri nabijani, pretoZe emul-
zia je znaCne agresivna a po kontakte s pokozkou moze spdso-
bit' neprijemnd reakciu.

Zakladn4 latka pre vyrobu emulzie sa skladuje a dopiﬁa pri-
amo v podzemi vo velkokapacitnej nadrZi, z ktorej sa precer-
pava do nabijacej ploSiny. Rozbusky a ostatné pomodcky pre
trhacie prace su skladované v sklade trhavin, ktory je tiez
v podzemi. Evidenciu skladovaného a spotrebovaného materié-
lu, pouZitého pri trhacich pracach, vykondvaji strelmajstri.
Emulzia, ktord zostane po nab{jani na dne tunela, sa musi ulo-
zit'do nadoby, ktora je na to urCend. Po jej naplneni je odveze-
nd doddvatelom emulzie zo stavby.

Pri optimalizdcii jednotlivych pracovnych operdcii v tuneli
a absencii portich strojov osddka je schopnd urobit tri odpaly
pocas dovoleného casového rozmedzia na trhacie prace, pri
spotrebe cca 4,5 t emulzie. Pri sicasne razenych profiloch tune-
lov 3 odpaly predstavuji optimum aj z pohladu kapacitnych
moznosti odtazby a priechodnosti tunela pre nakladné automo-
bily.

Pouzivany systém trhacich prac je v podmienkach Skandina-
vie obvykly, av§ak mnohi slovenski tuneldri sa s nim na tejto
stavbe stretli po prvykrdt. PouZitie emulznej trhaviny a systém
jej davkovania do vrtov je vysoko efektivny a bol by aplikova-
telny aj v naSich podmienkach.

GEODETICKE PRACE

Velmi doéleZitou neoddelitelnou sticastou tuneldrskych prac,
ktoré vykondvaji zamestnanci pri realizdcii projektu

Tuel

execution of blasting on the construction site, first of all with the
aim of monitoring the quality of their product and calibrating it.
Emulsion explosive is being used, with the Nonel non-electric
initiation system.

The excavation face has been charged using an SSE, Nobel Mix
1400-50-11-2A charging set (manufactured by Nobel Technic,
Norway), which is mounted on a truck chassis. It is equipped with
an access platform. With respect to the size of the tunnels and the
effectiveness of the charging rate, the set is equipped with two
charging levels, i.e. charging from the platform and from the
excavation bottom. The emulsion explosive is pushed into drill-
holes using a dosing pump after prior mixing of all emulsion
explosive components at the prescribed ratio. Four different spe-
cific charges of the explosive mix are used for individual parts of
the excavation face, i.e. for cut and bottom contour holes, enlar-
ger holes, auxiliary contour holes and contour holes. Workers car-
rying out the charging select particular stages on an actuator. To
secure the correct specific charge and the continuity of filling the
explosive charge in the drillholes (the string line at the contour
and auxiliary contour) as well as the rate of pulling the dosing
hose from the drillholes, the process is controlled by a computer.
The amount of the mix being pumped and the other parameters are
recorded in the charging set computer. The total amount of the
explosive required for the largest profiles exceeds 2000kg per Sm-
long excavation round. The use of the emulsion explosive in the
particular conditions has been very efficient. The charging of
excavation face with the excavated cross-sectional area of 200m?
and about 260 drillholes 5.8m long takes 4 hours on average.

Taking into consideration the fact that the tunnelling operations
are carried out under urban development, great emphasis is placed
on the monitoring of seismic effects on the terrain surface. The
above-mentioned time constraints imposed on the execution of
blasting operations significantly complicate their course. This fac-
tor is very important when the time sequence of individual working
operations during day shifts, when the execution of these operations
is permitted, is being determined. With the aim of minimising idle
times required for clearing smoke from the tunnel, the firing times
at individual headings are set to the time of the rotation of drivers
of trucks securing the transport of muck to stockpiles.

Great stress is placed on complying with safety regulations
during blasting operations. Safety standards for blasting are simi-
lar to those we are accustomed to in our conditions (safety zones,
communication with the shotfirer, guards etc.). Also very impor-
tant is the use of protective gloves and goggles when charging the
holes because the emulsion is highly aggressive and can cause an
unpleasant reaction after getting into contact with skin.

The basic matter for the emulsion production is stored and the
stock is replenished directly in the underground, in a large-capa-
city tank, from which it is pumped over to the charging platform.
Detonators and other tools required for blasting operations are
stored in the magazine, which is also located underground. The
stored materials and materials consumed during blasting operati-
ons are recorded by shotfirers. The emulsion which remains after
charging on the tunnel bottom has to be placed into an appropria-
te container. When the container is full, it is transported from the
site by the emulsion supplier.

When the individual working operations in the tunnel are opti-
mised and no defects of machines take place, the crew is capable
of performing three firing events during the course of the time
range permitted for the blasting, with the consumption ca 4.5 ton-
nes of emulsion. At the currently driven tunnel profiles, 3 firing
cases represent an optimum even in terms of the capacity of the
mucking out system and the passability of the tunnel for trucks.

The blasting system being used is a commonplace in the
Scandinavian conditions, but many Slovak tunnellers have met it
for the first time on this construction site. The use of emulsion
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Obr. 6 Situdcia bodov zdkladnej vytycovacej siete
Fig. 6 Layout of the Basic setting-out net points

Norsborgsdepén, je okrem tuneldrskych prac aj kompletnd
dodavka geodetickych prac, vratane hlavného geodeta stavby.
Rozdelujud sa do troch drovni:

VytyCovacia siet’ stavby — pripojenie sa na prevzatd zdkladnd
vytyCovaciu siet’ (ZVS) a budovanie vlastnej zdkladnej
a podrobnej vytyCovacej siete (PVS).

Definicia projektu a transformdcia potrebnych geometric-
kych parametrov stavby do geodetického softwaru a aplikac-
nych programov geodetickych systémov.

Usmernovanie razenia a dokumentdcia skuto¢nej realizacie
stavebnych objektov.

Vytycovacia siet stavby

Po prevzati stavby bola poskytnutd vytyCovacia siet tvorend
dvoma trojicami bodov na juZnej a severnej strane stavby.
K tomu bolo odovzdané este po jednom nivelacnom bode na
severnej a juznej strane stavby. Body boli stabilizované zvicsa
ocelovymi klincovymi zna¢kami v pevnom skalnom podklade
(v jednom pripade len ocelovou rirkou). Takdto stabilizicia je
dost’'nestastnd, lebo pri kazdom merani je potrebné postavit nad
bodom pristroj na stative, ¢im logicky dochddza k urc¢itému
zhorSeniu presnosti z dovodu vycentrovania pristroja na bode.
Stabilizacia bodov pilierovymi paZnicami s nitenym centrova-
nim pristroja nebola moZnd, pretoZe sa tieto nachddzali na
sikromnych pozemkoch a k dohode s majitelmi pozemkov sa
nedalo dospiet.

Poloha odovzdanych bodov bola urc¢end len GPS meranim,
a preto bola potrebnd ich kontrola priamym terestrickym mera-
nim (TPS meranie). TPS bolo realizované v mesiaci april 2013.
Z dovodu konfiguricie terénu a viacerych ostatnych faktorov
(zalesnenie, husta zdstavba, ...) bolo malym zazrakom, Ze sa
na$la trasa, ktorou bolo mozné prepojit obidve strany ZVS
polygénovym tahom. Toto meranie bolo navySe potrebné uro-
bit’v skorych jarnych mesiacoch v obdobi vegetacného kludu.

Meranie bolo ndsledne vyhodnotené a siet bola vnitorne
vyrovnand ako pevny lokdlny stiradnicovy systém. Vyrovnanie
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Obr. 7 Vysledky vyrovnania
Fig. 7 Adjustment results

explosive and the system of its dosing into drillholes is highly
effective and would be applicable even to our conditions.

SURVEYING

Very important and inseparable part of the tunnelling work
carried out by employees during the realisation of the
Norsborgsdepén project is, apart from the tunnel excavation, the
comprehensive supply of survey services, including fulfilling the
position of the main project surveyor. The survey services are
divided into the following three levels:

The setting-out network — connecting it to the Basic Setting-
out Net (BSN) taken over from the client and building contrac-
tor’s own Basic and Detailed Setting-out Net (DSN).

The project definition and transformation of required geome-
trical parameters of the project into a survey software and appli-
cation programs of survey systems.

Guiding the excavation and documenting the as-built state of
structures.

Construction setting-out network

After the construction site takeover, a setting-out network for-
med by two triads of points on the southern side and northern
side of the construction site was provided. In addition, one level-
ling point was handed over on either side. The points were sta-
bilised mostly by steel nails fixed in the solid rock (in one case
only by a small-diameter steel tube). This stabilisation system is
quite unfortunate because it is necessary to install the instrument
on a tripod over the point for each measurement, which means
that the measurement accuracy is logically deteriorated to some
extent as a result of the process of centering the instrument
above the point. The stabilisation of the points by means of steel
casing pipes allowing forced centering of the instrument was not
possible because the casings were located on private land and the
attempts to reach permissions of owners failed.

The position of the handed over points was determined only by
GPS measurements; for that reason checking by means of direct
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Obr. 8 Vrtnd schéma
Fig. 8 Drill pattern

siete bolo realizované v programoch Groma, Leica Geo Office
(LGO), BetanNeptan. VysSkovo vykazovali GPS vysky bodov
ZVS rozdiel oproti nivelatnym vySkam v priemere 20 mm.
Oprava bola urobend zavedenim nivelacnych vySok do TPS
merani. Vysledky z vyrovnania v jednotlivych programoch boli
porovnané a po odstihlaseni geodetom objednavatela pouzité na
zhustenie ZVS na povrchu a budovanie ZVS a PVS v podzemi.
V sucasnosti prebieha diskusia o implementdcii a zostladen{
vytyCovacich sieti s geodetmi firmy NCC, ktor{ realizuji druhd
Cast’ projektu — stanicu metra Norsborg ako aj prediienie trate
do tejto stanice na severnej strane. Situdcia bodov ZVS je zrej-
ma z obr. 6, vysledky vyrovnania z obr. 7.

Geodeticka charakteristika projektu

Stavba depa je situovand v podzemi a projektovo je rozdele-
nd na viacero stavebnych objektov — pristupovy tunel
(Arbetstunnel), spojovaci tunel (Huvudtviértunel), odstavné
tunely (Uppstallningstunnel — 1, 2, 3), zdpadny a vychodny
tunel plus technologické tunely (Drifttunel, Kommuni-
kationstunnel, Tvittanlaggning, Boggieforrad). KedZe ide
o depo, je niveleta celej stavby s vynimkou vychodného tunela
projektovana ako horizontdlna vo vyske + 23 m nad morom.
Tato skutoc¢nost, na prvy pohlad vyzerajica ako zjednodusuju-
ca, v8ak v skuto¢nosti zna¢ne komplikuje definovanie projektu
do geodetickych programov, lebo sa tymto vytrdca jedna
z typickych vyhod pri definovani liniovej (tunelovej stavby),
a to Ze v prieCnom profile maji vSetky geometrické Casti tune-
la pevné miesto vzhladom k tunelovej osi. Na projekte Nors-
borgsdepidn z dovodu odvodnenia tunela (drendz a techno-
logicka kanalizdcia) sa prakticky na celej stavbe neustdle meni
poloha a tvar dna (pocvy) tunela vzhladom k tunelovej osi,
resp. hornej klenby tunela. NavySe, ako je zrejmé zo situdcie
tunela, je zdpadny aj vychodny tunel napojeny na odstavné
tunely 1, 2, 3 cez znacne komplikované prechodniky. Vsetky
tieto velmi komplikované geometrické Casti stavby je potrebné
zadefinovat pre dal$ie vypoclty presnymi prie¢nymi profilmi.
Ak na beZnej tunelovej stavbe na to postacuje cca 20 prie¢nych

terrestrial measurement (the TPS) was required. The TPS was
carried out in April 2013. Because of the terrain configuration
and several other factors (forestation, dense development, ...) it
was a small miracle that a route was found along which it was
possible to interconnect both sides of the BSN by traversing. It
was in addition necessary to carry out the survey during the dor-
mancy period.

The survey was subsequently assessed and the net was inter-
nally adjusted as a fixed local coordinate system. The adjustment
was realised in Groma, Leica Geo Office (LGO) and
BetanNeptan programs. The levels of points determined by the
GPS exhibited differences of 20mm on average in comparison
with the levels determined by levelling. The correction was car-
ried out by introducing the levels determined by levelling into
the TPS measurements. The results obtained by the individual
adjustment programs were compared and, after their acceptance
by project owner’s surveyor, they were used for the densificati-
on of the BSN on the surface and the DSN in the underground.
At the moment a discussion about the implementation and brin-
ging the setting-out nets into line with NCC company surveyors,
who realise the second part of the project, the Norsborg metro
station and the extension of the metro line to this station on the
northern side, is in progress. The layout of the BSN points and
the adjustment results are obvious from Fig. 6 and Fig. 7, res-
pectively.

Survey-related characteristics of the project

The depot construction is divided by the design into several
structures - the access tunnel (Arbetstunnel), the connecting tun-
nel (Huvudtvirtunel), tunnels for stabling tracks (Uppstall-
ningstunnel — 1,2,3) and the western tunnel, the eastern tunnel
plus service tunnels (Drifttunel, Kommunikationstunnel,
Tvittanlaggning, Boggieforrad). Because it is the case of
a depot, the vertical alignment of the entire structure, with the
exception of the eastern tunnel, is designed as horizontal at the
level of + 23.00m above the sea level. This fact, which looks at

first sight to be simplifying, in reality significantly complicates
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rezov, tak na tomto projekte ich bude potrebné vytvorit odha-
dom cca 700 az 800.

V dodanom projekte bolo projektantom zadefinovanych cca
100 prie¢nych rezov na vSetkych objektoch, situdcia stavby
(horizontdlny rez vo vySke +23 m) a pozdiiny profil jednotli-
vych objektov. V pozdiinych profiloch je vSak velmi madlo
informécii potrebnych na sprdvne geometrické zadefinovanie
stavebnych objektov, takze nosnou zlozkou projektu, ktord je
vyuzivand v prvom rade tak na definiciu projektu, ako aj na
kontrolu ostatnych foriem projektovych definicii, je virtudlny
3D model stavby. V skutocnosti ide o stibor 3D modelov pre
kazdy objekt zvlast. 3D model tunela je definovany trojuholni-
kovou sietou vo formate *.dwg — AutoCAD. Tato skutocnost’je
v nasej praxi uplne novd. Doteraz bola pre nds postacuji-
ca trasa stavby s prie¢nymi rezmi (popripade pozdiznym profi-
lom). Pri zna¢nej geometrickej zlozitosti tejto stavby je to vSak
forma projektovej dokumentdcie, ktord najviac napomdha
sprdvnemu definovaniu projektovanych parametrov a s vy-
sokou efektivitou. Vypracovanie takého velkého mnoZstva pri-
e¢nych rezov tunelovych rir je nevyhnutné pre dalsie vyuZitie
tak pri usmernovani razenia, ako aj pri kontrole presnosti reali-
zovanych objektov.

Usmeriiovanie a kontrola razenia

Ako uz bolo uvedené, stavba je realizovand podla zdsad
NTM. Jej podstatou je razenie tunelovej rury vrtno-trhacimi
prdcami a pripadnd, Casto aj neskorSia, aplikdcia striekaného
beténu. Pri tomto spdsobe razenia tunela usmernovanie spoci-
va prakticky len v navigdcii vitacieho voza a néslednej kon-
troly tejto navigdcie. Vitaci voz je vybaveny funkciou auto-
matického vitania, to znamen4, Ze po jeho znavigovani je tento
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the project definition in survey programs. The reason is that one
of typical advantages in the process of defining a linear structu-
re (a tunnel structure) disappears because all geometrical parts of
the tunnel cross-section have firm positions with respect to the
tunnel axis. In the case of the Norsborgsdepin project, the posi-
tion and geometry of the tunnel bottom with respect to the tun-
nel axis or the upper vault of the tunnel constantly change for the
sake of the tunnel drainage (drainage and technological sewera-
ge) virtually throughout the construction length. In addition, as
it is obvious from the tunnel layout, both the western tunnel and
eastern tunnel are connected to the tunnels for stabling tracks
No. 1, 2 and 3 through significantly complicated transition cur-
ves. All of these very complicated geometrical parts of the con-
struction have to be defined for subsequent calculations by
means of exact cross-sections. Whilst about 20 cross-sections are
sufficient for this purpose in the case of a common tunnel con-
struction, the creation of about 700 to 800 cross-sections is gues-
sed to be required for this particular project.

In the handed-over design the designer defined about 100
cross-sections on all structures, the project layout (a horizontal
section at the level of 23.00m) and a longitudinal sections of
individual structures. Unfortunately, the longitudinal sections
contain very little information required for the correct geometri-
cal definition of structures. For that reason the principal compo-
nent of the design, which is used first of all both for the project
definition and for checking the other forms of the project defini-
tions, is the virtual 3D model of the structure. In reality, it is an
array of 3D models carried out separately for each structure. The
3D model of the tunnel is defined by a triangular net in *.dwg
format — AutoCAD. This fact is completely new in our practice.

t / Projection
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fava (prava) ¢ast rozvinutého plasta hornej klenby
vzhladom k priemetu tunelovej osi do hornej klenby
tunela - left-hand (right-hand) part of the unrolled
lateral surface of the vault relative to the projection
of the tunnel axis to the tunnel upper vault

Teoretické stani¢eni / Theoretical Stationing

»2, 4,6, ...“: teoreticka dlzka zobrazovanej ¢asti obvo-
du klenby v metroch na teoretickom prie¢nom profile
tunela po rozvinuti do roviny - ,2, 4, 6, ...“: theoreti-
cal length of the vault circumference being depicted
in metres on the theoretical cross-section after being
unrolled to a plane

napr. ,,L.2“: 2m od priemetu osi tunela do hornej klen-
by vlavo - e.g. ,L2“: 2m from the tunnel axis projecti-
on to the upper vault on the left side

Obr. 9 Mapa odchylok
Fig. 9 Map of deviations
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HUVUDVARTUNNEL
Norsborgsdepan E2
TUNELBANA RODA LINJEN

Staniéeni - Stationing 302,000 m
Osa vytyéovacich souradnic

Survey Coordinate Axis

Soufadnice +X - Easting

Souradnice +Y — Northing

Nadmor'ska vyska — Elevation

Zpracovani - Processing
Vzorovy pfiény fez A
Reference Profile A
PFiény sklon — Transverse Slope 0,000 %

Vzorovy priény fez B
Reference Profile B HUVUD-NORMAL-SB_WS (No. 19)

Huvudvartunnel_Wide-(No. 4)

M&fena plocha — Measured Area 171,515 m?
Plocha vzorového fezu 2
I Reference Profile Area 160,520 m
Oblast nadvylomu — Overprofile Area 18,387 m?
Oblast podvylomu — Underprofile Area 7,392 m?
Geologicky nadvylom — Geological Overprofile 18,285 m?

Obr. 10 Radidlne odchylky od teoretického profilu tunela
Fig. 10 Radial deviations from theoretical tunnel cross-section

lokalizovany a orientovany presne v priestore predmetnej
&elby. Vdaka systému senzorov vitacieho voza je mozné pres-
ne ur¢it'polohu kazdej lafety a tym aj kazdého vrtu vrtnej sché-
my vzhladom k projektovanym geometrickym parametrom
tunelovej rary. Jednotlivé vrty si definované vrtnou schémou
(obr. 8), ktord v sebe zahtna tak geometrické, ako aj technolo-
gicko-prevadzkové parametre na optimalizdciu vrtno-trhacich
prac. Z tohto dovodu je geometrickym podkladom pre ndvrh
vrtnej schémy prie¢ny rez tunelovej riry. KedZe systém (soft-
vérova vybava) vo vitacom voze Atlas Copco XL3C je schop-
ny vyuzit len vrtné schémy na bdze prie¢neho rezu tunela, je
urcitd Cast’ prieCnych rezov, vypracovanych pre definiciu pro-
jektu v geodetickych programoch, vyuzitd aj ako podklad pre
vrtné schémy. Do buddcnosti by ur¢ite pomohla moZnost’ vyu-
Zitia priameho nacitania 3D modelu tunela do softwaru vitaci-
eho voza s ndslednym zobrazenim vitanych vyvrtov vzhladom
na tento model. Takdato moZnost'by znac¢ne ulahcila pracu (tvor-
bu vrtnych schém) aj na projekte Norsborgsdepin. Ndsledne je
nutné vykonat kontrolu navigédcie vitaciecho voza. Kontrola sa
vykondva vyty¢enim troch vrtov na ¢elbu pomocou geodetic-
kého pristroja a ich nédslednou kontrolou v systéme vitacieho
voza. Kontrola razenia sa vykondva po vyrazeni jedného az
dvoch zdberov (odpalov) tunela. Planovand dizka zéberu je
5,5 m. Kontrola je realizovand pomocou laserového skenera
Leica C5. Hustota bodov skenovania je definovand rastrom
2x2 cm. Vzhladom na zna¢ny pocet sti¢asne realizovanych celi-
eb tunelovych rir je kontrola razenia skenovanim vykondvand
prakticky kazdodenne. NavysSe je pre tieto prace vyuZivand aj
sobota a nedela, ked su v tuneli obmedzené prevadzkové price
a teda je moznd aj kontrola Casti tunela upravenych strickanym
beténom. Vyhodnotenie je ndsledne prezentované na farebnej
mape odchylok (obr. 9) a v pripade potreby prie¢nym rezom so
zobrazenim radidlnych odchylok od teoretického profilu tunela

Till now the project alignment with cross-sections (or also
a longitudinal section) was sufficient for us. But, taking into con-
sideration the significant geometrical complexness of this pro-
ject, this form of design documents facilitates correct defining of
design parameters and ensures high effectiveness. The elaborati-
on of such the great quantity of cross-sections of tunnel tubes is
unavoidable for the subsequent use for guiding the drives and
checking the accuracy of completed structures.
Guiding and checking the excavation

As mentioned above, the construction is being carried out fol-
lowing the NTM principles. This system of driving tunnel tubes
is based on the drill-and-blast technique combined, if necessary,
with shotcrete, which is frequently applied subsequently. At this
tunnel driving system the guidance lies virtually only in the navi-
gation of the drilling set and subsequent checking on this navi-
gation. The drilling rig is equipped with the automatic drilling
function. This means that, after the completion of the drill rig
navigation, the machine is localised and oriented accurately in
the space of the particular heading. Owing to the system of sen-
sors mounted on the drill rig, it is possible to exactly determine
the position of each feed and in this way to determine the positi-
on of each drillhole specified in the drilling pattern, relative to
the designed geometrical parameters of the tunnel tube.
Individual drillholes are defined by the drill pattern (see Fig. 8),
which comprises geometrical as well as technological-operating
parameters for the optimisation of the drill-and-blast operations.
For that reason the tunnel tube cross-section is the geometrical
base for the drill pattern design. Because of the fact that the sys-
tem (software equipment) installed on the Atlas Copco XL3C
drill rig is capable of using only drill patterns based on the tun-
nel cross-section, a certain proportion of the cross-sections pre-
pared for the project definition in survey programs is used as the
basis for drilling systems. In the future it would be certainly




Obr. 11 Vitanie Celby na odstrel, vitacie vozy AC XE3
Fig. 11 Drilling for the face blasting, AC XE3 drill rigs

(obr. 10). Databéza findlnych skenov (po realizacii striekaného
betonu) je zdroven jednou z Casti kone¢nej dokumentacie sku-
toéného realizovania stavby (DSRS) ked je objednavatelovi
stavby odovzdana hustd siet bodov v ortogondlnom rastri
10x10 cm.

Aj napriek skusenostiam firmy Skanska z velkého poctu
a rozsahu tunelovych stavieb vo viacerych krajindch Eurdpy, je
toto najndrocnejsi projekt v celej historii, na ktorom geodeti
okrem Standardnej geodetickej prdce a funkcie hlavného geo-
deta stavby do znac¢nej miery aj koordinuji pracu s potrebnymi
prevadzkovymi datami (vrtnymi schémami) pre vSetky vitacie
vozy, vedd urCitdi formu meracskej dokumenticie a v ne-
poslednom rade zbieraju a sumarizuju vysledky zdznamov (log
file) z vftania vitacich vozov (obr. 11).

ZAVER

Projekt Norsborgdepan je momentdlne rozsahom najvicsim
podzemnym projektom vo Svédsku. Je velkou vyzvou pre
Skanska Sverige a Skanska SK. Projekt md vysoké ndroky na
organizdciu prac, geodetick sluzbu i efektivnost’ vyuZitia pra-
covného casu. Ako je spomenuté v Casti venovanej geodetic-
kym prdcam, priprava projektu z pohladu investora nebola
vykonand na takej drovni, akud by si takyto projekt zaslizil.

Dodrzanie organizdcie prac a postupnosti jednotlivych ope-
récif si vyzaduje velké nasadenie nie len tuneldrov, ale aj tech-
nikov a geodetov. Meniace sa podmienky postupu prac vzhla-
dom na nésledné priace na povrchovej casti projektu neraz
navodili situdciu, ktord vyZadovala vynimoc¢né nasadenie.
Prave preto mozno konStatovat, Ze stavba pokracuje v silade
s poziadavkami platného harmonogramu, ako aj kvality vyko-
nanych pric a to bez jediného pracovného trazu, ¢i priestupku
voci zivotnému prostrediu.
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helpful if it was possible to use the direct loading of the 3D tun-
nel model into the drill rig software with subsequent displaying
the holes to be drilled with respect to this model. Such
a possibility would significantly facilitate the work (the prepara-
tion of drill patterns), even on the Norsborgsdepén project. It is
subsequently necessary to check the drill rig navigation. The
check is carried out by setting out three drillholes on the exca-
vation face by means of a survey instrument and subsequent
checking on them in the drill rig system. The excavation check
is carried out after finishing one or two tunnel excavation rounds
(blasting cases). The planned length of the excavation round is
5.5m. The checks are carried out by means of a Leica C5 laser
scanner. The density of the points to be scanned is defined by
a 2x2cm grid. With respect to the significant number of concur-
rently realised headings, the excavation checks by scanning are
performed virtually every day. In addition, this work is carried
out even on Saturdays and Sundays, during which the service
operations in the tunnel are limited and it is therefore possible to
check the tunnel parts covered with shotcrete. The evaluation is
subsequently presented on a colour map of deviations (see Fig.
9) and, if necessary, on a cross-section presenting radial deviati-
ons from the theoretical tunnel cross-section (see Fig. 10). The
database of final scans (after the application of shotcrete) is at
the same time one of the parts of the final as-built design packa-
ge, where a dense network of points in a 10x10cm orthogonal
grid is handed over to the project owner.

Despite the experience of Skanska company gained from
a large number and extent of tunnel construction sites in many
countries, this one is the most demanding project in the compa-
ny history, on which surveyors carry out not only standard sur-
veying and perform the function of the main project surveyor,
but also coordinate, in a significant extent, the work operations
with required operating data (drill patterns) for all drill rigs,
maintain a certain form of survey documentation and, at last but
not least, collect and file the logs from the drill rigs (see Fig. 11).

CONCLUSION

The Norsborgdepan project is at the moment the largest
underground project in Sweden as far as the extent is concerned.
It is a great challenge for Skanska Sverige and Skanska SK. The
project is very demanding in terms of the works organisation,
survey services and effectiveness of the use of working time. As
mentioned in the part dedicated to survey operations, the prepa-
ration of the design as viewed by the project owner was not car-
ried out at the level which such the project would have deserved.

Adhering to the works organisation and the sequence of indi-
vidual operations requires great efforts not only of tunnellers but
also of technicians and surveyors. The changing conditions of
the work process relative to the subsequent works on the at-
grade part of the project many times induced a situation requi-
ring extraordinary efforts. This is the reason why it is possible to
state that the construction proceeds in compliance with the valid
programme and requirements for the completed work, without
a single working accident or offense against the environment.
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