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OVLIVNENI KONSTRUKCE METRA C RAZBOU PRUZKUMNYCH STOL
PRO STAVBU I.D METRA
IMPACT OF THE EXCAVATION OF EXPLORATORY GALLERIES
FOR THE CONSTRUCTION OF METRO 1.D ON THE STRUCTURE
OF METRO C

MARTIN VINTER, VOJTECH ANDERLE

ABSTRAKT

V letech 2019-2022 byl v lokalité prazské Pankrdce provdden Dopliikovy geologicky priizkum pro vystavbu trasy 1.D metra. Hloubeni
a razby ¢tyr podzemnich priizkumnych dél probihaly v méstské oblasti s riiznou hustotou zdstavby. Dvé z nich se razily v prostoru budouct
stanice Pankrdc primo pod rusnou kriZovatkou, dvéma kolektorovymi tunely, vyznamnymi potrubnimi sitémi a zejména primo pod inten-
zivné provozovanym tisekem trasy C prazského metra. VIiv poklesu hladiny podzemni vody, spojeny se zahdjenim priizkumnych praci, na
pokles sledovanych konstrukci metra, jeho postupnd stabilizace a ndsledny protismerny pohyb, tedy zdvih tunelii, byly podrobné sledovdny
a pribéezné vyhodnocovdny diky systému automatického méteni deformaci na dilatacich a ndklonii. Nedilnou a podstatnou soucdsti kom-
plexu provddeéni razeb a monitoringu byla pravidelnd ovétovaci geodetickd métent, prohlidky provddené zhotovitelem geotechnického mo-
nitoringu a kompletni vyména informaci s provozovatelem metra, véetné vyuZivdani jeho provoznich prohlidek, méteni a zkousek. V priibéhu
priizkumnych praci oba tratové tunely v ovlivnéném tiseku prochdzely postupné riiznymi stavy namdhdni, na které reagovaly deformacemi
a poruchami. S postupné ziskdvanou zkuSenosti o chovdni konstrukci byl systém monitoringu modifikovdn a dopliiovdn tak, aby nepriznivé
projevy byly kontrolovdny a eliminovdny na pripustnou miru.

ABSTRACT

A supplementary geological survey was conducted for the construction of the Metro Line I.D in the Pankrdc area of Prague from
2019 to 2022. The trenching and excavation of four underground exploratory works were carried out in an urban area with a differing
development density. Two of them were excavated in an area of the future Pankrdc station directly underneath a busy intersection, two
utility tunnels, important pipelines, and mainly directly underneath an intensively operated section of Line C of the Prague Metro. The
impact of a decreasing groundwater level, connected with the onset of exploratory works, on the sinking of monitored structures of the
Metro, and its gradual stabilisation, and following countervailing motion, which means the lifting of tunnels, was thoroughly monitored
and progressively evaluated thanks to a system automatically measured deformations within dilatations, and inclinations. Integral and
Sfundamental components of the excavations and monitoring complex included regular verification geodetic measurements, inspections
carried out by the supplier of geotechnical monitoring, and an all-encompassing exchange of information with the metro operator, including
utilisation of their operating inspections, measurements, and tests. Both the track tunnels in the affected section went through gradually
changing states of stress over the course of exploratory works, to which they reacted with deformations and faults. With progressively
gathered experience about the behaviour of the structure, the monitoring system was modified and supplemented such that unfavourable
effects were examined and reduced to an acceptable rate.

1. UvVoD

V Cervnu roku 2019 zacal v §irsi lokalité prazské Pankrace Do-
pliitkovy geologicky prizkum pro vystavbu trasy I.D metra s pld-
novanym ukoncenim v 1ét€ 2021. Naplni tohoto projektu bylo
hloubeni Ctyr Sachet, na které ve tfech pripadech navazaly razby
prizkumnych $tol, z nichZ vétSina bude ¢i jiz byla vyuZita pro
budouci trasu metra D, respektive prestupni chodbu mezi stanice-
mi Pankréc C a Pankrdc D. Hlavnim cilem bylo roz$ifeni znalosti
o horninovém prostiedi a vlivu ¢innosti provadénych hornickym
zplsobem na prilehlé tizemi a objekty, detekce rizik a posouze-
ni nastroju k jejich fizeni. Provedeni prizkumu takového rozsahu
v zastavéné oblasti této méstské ¢asti vyZzadovalo maximdlni pfi-
pravenost nejen ze strany dodavatele prizkumnych praci, ale i ze
strany dodavatele geotechnického monitoringu (didle GTM).

Pribézné poznatky doplitkového geologického priizkumu a vy-
sledky GTM vedly k rozsifeni prizkumnych praci a prodlouzeni
terminu ukonceni v beznu roku 2022.

1. INTRODUCTION

In June 2019, a supplementary geological survey for the
construction of the Metro Line I.D began in the wider area of
Pankrac, Prague, with completion planned for the summer of 2021.
The content of this project was the excavation of four shafts, which
were followed in three instances by excavations of exploratory
galleries from which the majority will be or already were utilised
for the future Metro Line D, or rather an interchange corridor
between the Pankrac C and Pankrdc D stations. The main goal
was to broaden the knowledge of the rock environment, and the
impact of activities carried out in a mining-like way on the adjacent
area and objects, risk detection, and to assess the tools for their
management. The execution of a survey of such extent in a densely
built-up area of this city district required maximum preparedness
not only on the side of the supplier of exploratory works, but also
on the side of the supplier of geotechnical monitoring (hereinafter
GTM).



34. rocnik - €. 4/2025

2. PRUZKUMNE OBJEKTY

Ukol byl rozdélen na Ctyfi prizkumna dila, PAD1b, PADA4,
VO-OL a OL1 umisténa podél osy budouci trasy D, tedy ulice Na
Strzi v useku mezi magistrdlou 5. kvétna a ulici Antala Staska.
V tomto textu jsou zmifiovana jen prizkumna dila PAD4 a VO-OL
s pfimym vlivem na konstrukce trasy C prazského metra.

Objekt PADA4, ktery sestava ze Sachty a prizkumné Stoly, se na-
chazi v oblasti kfiZovatky ulic Na Strzi, Na Pankréci a Bud&jovic-
ké. Vlastni Sachta md pramér 8,6 m a je téméf 30 m hluboka. Na
ni navdzala priblizné 117 m dlouha prizkumna Stola, sloZena ze
Ctyf typu pricnych profili, pidorysné vedend do tvaru ,,S%, kterd
bude po dobudovani v ramci vystavby slouZit jako soucast pre-
stupni chodby mezi stanicemi Pankrac C a Pankrac D [1]. Kromé
prizkumnych praci provedenych ze Sachty a Stoly byly z tohoto
objektu provedeny rozsahlé injektdZe za tcelem zlepSeni geo-
technickych vlastnosti horninového masivu pfed aktivni celbou,
v jejim okoli, ve sméru budouci stanice, ke §toldam VO-OL a pod
trafové tunely trasy C. Razba prizkumné Stoly PAD4 probihala
v prostiedi kosovského souvrstvi (paleozoikum — ordovik) [2].
kosti ulice Na Strzi, konkrétn€ mezi ulicemi Neveklovska a Pa-
covska. Ze Sachty o priméru 21 m a hloubce pfes 36 m vychazela
severnim smérem prizkumna Stola o délce pres 322 m. Ta byla vy-
razena v trase budouciho tratového tunelu metra D a nyni je jeho
soucasti. Profil této priizkumné Stoly mél po celé délce 10 roz-
dilnych typu, liSicich se dle budouciho ucelu velikosti i tvarem
[3]. Padorysné tato prizkumna Stola sméfovala az pod kfiZovat-
ku ulic Na Strzi, Na Pankraci a Budéjovicka a podchézela vyse
zminény prizkumny objekt PAD4. Z geologického hlediska byla
Stola razena v proménlivém prostiedi, nebot postupné prochéze-
la nejprve ordovickymi horninami (bohdaleckym, kralodvorskym
a kosovskym souvrstvim) a ndsledné silurskymi horninami (liten-
skym souvrstvim) [4]. I z této Stoly byly v posledni fazi provadény

TufHel

Continuous knowledge from the supplementary geological
survey and GTM results led to an expansion of exploratory works
and the prolonging of the completion deadline in March 2022.

2. EXPLORATORY OBJECTS

The task was divided into four exploratory works, PADIb,
PAD4, VO-OL, and OL1, located along the axis of the future Line
D, which means Na Strzi Street in the section between the 5. kvétna
arterial road, and Antala Staska Street. This text only mentions the
PAD4 and VO-OL exploratory works that have a direct impact on
Line C of the Prague Metro.

The PAD4 object, which consists of a shaft and an exploratory
gallery, is located in the area of an intersection of streets Na Strzi,
Na Pankraci, and Bud&jovicka. The shaft itself has a diameter of
8.6m and is almost 30m deep. It is followed by an approximately
117m long exploratory gallery made up of four types of cross
profiles, made as an “S” shape in plan view, which will serve
within the construction as a part of the interchange corridor
between the Pankrdc C and Panrkéc D stations after its completion
[1]. Excluding exploratory works carried out from the shaft and
gallery, extensive grouting was carried out from this object with
the intent to improve geotechnical conditions of the rock mass in
front of the active face, in its vicinity, and in the direction of the
future station, towards VO-OL shafts, and underneath Line C track
tunnels. The excavation of the PAD4 exploratory gallery took
place in an environment of the Kosov series of strata (Ordovician,
Paleozoic) [2].

The VO-OL exploratory object has a shaft located more
southwards near Na Strzi Street, more precisely between streets
Neveklovskd and Pacovskd. An exploratory gallery more than
322m long extended in a northern direction from a shaft with
a diameter of 21m and a depth of more than 36m. It was excavated
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it is a part of it. The profile of
this exploratory gallery had 10
different types along its entire
length, differing according to
| the future purpose by size and
— even shape [3]. This exploratory
gallery reached in plan view up
to beneath the intersection of
streets Na Strzi, Na Pankraci,
and Budé&jovickd, and it passed
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of strata) and then Silurian rocks
(Liten series of strata) [4]. Even
from this gallery, the grouting
under Line C was carried out in
the last phase. A slight impact of
Metro C tunnels manifested itself

Obr. 1 Situace prizkumnych §tol PAD4 a VO-OL a sledovanych tratovych iisekit metra C
Fig. 1 Layout plan of the PAD4 and VO-OL exploratory galleries and monitored Metro C track sections

from the face.

even during pressure grouting
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injektdzZe pod trasu C. Mirné ovlivnéni tuneltt Metra C se projevilo
i pfi tlakovych injektaZich z Celby.

Na celkové naro¢nosti projektu se, kromé komplikované geolo-
gické stavby, podilela také hustota okolni zastavby, Citajici nejen
nadzemni obytné a administrativni objekty, ale také vyznamné
podzemni konstrukce a inZenyrské sité. Jako nejvice rizikové bylo
mozné z hlediska bezpec¢nosti a samotného ovlivnéni provozované
linky metra bezpochyby povaZovat oblast kiiZeni priazkumnych
Stol s trasou C, kde se smérové protinaji podzemni dila ve tfech
vyskovych urovnich (obr. 1), pficemZ nejvyse vedené jsou stavaji-
ci trafové tunely metra C. Pod touto trasou probihala nejprve raz-
ba Stoly PAD4 a nésledné razba Stoly VO-OL. Primdrnim tkolem
GTM zde bylo ziskdni vSech potiebnych informaci a bezprostied-
niho pristupu k nim, pro umoZnéni okamzité reakce na nepftizni-
vé vlivy prizkumnych ¢innosti, s cilem vyloucit vSechna provoz
ohrozujici rizika [5, 6].

3. MERICI LINKA V TUNELECH METRA C

Aby bylo mozné reagovat na nepfiznivé jevy bez prodleni, byla
mefici linka zaloZena na metodikach méteni probihajicich v rezi-
mu s automatickym sbérem dat (dale ASD), s rychlym pifenosem
a zpracovanim dat do centrdlniho pocitace a s nidslednym bezpro-
sttednim vlozenim do webového Informacniho Systému Moni-
toringu ,,ISM Sahure®. V automatickém reZimu byly sledovany
zmény néklont v podélnych a pii¢nych fezech konstrukci a cho-
vani dilatacnich celkd hloubené ¢asti rozpletll tunelli mezi stanici
Pankrac C a mezistani¢nimi tunely. Cely sledovany usek trasy C
se sklada z casti zhotovenych riznymi technologiemi, a to z jiz
zminéné dilatované monolitické konstrukce pfiléhajici ke stanici
Pankrac C, zbudované ve hloubené jame a na ni navazuji mezista-
ni¢ni razené tunely kruhového prifezu vystrojené tubingy z lité
oceli (obr. 2) [7].

yvow

Meéfeni piicnych ndklont bylo realizovdno snimaci uspofdda-
nymi do méficich profild s péti aZ osmi snimaci, vzdjemné vzda-
lenymi zhruba 5 nebo 10 m. Ke kaZzdému pricnému profilu byl
pridruZzen nejméné jeden snimac¢ podélného sklonu. VSechny byly
prostfednictvim kabeldZe propojeny s fidicim pocitacem, umisté-
nym v zazemi stanice Pankrac C.

Obr. 2 Instalace ndklonomérnych snimacii v razené cdsti tratového tunelu metra C
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Apart from the complicated geological arrangement, even
the density of the surrounding built-up area was involved in
the overall difficulty of the project, comprising not only above-
-ground residential and administrative objects but also important
subsurface structures and engineering utilities. As the most
risky from the viewpoint of safety and impact on the operated
metro line itself, it was possible to consider without a shadow of
a doubt the area of intersecting exploratory galleries with Line
C, where underground works intersect directionally in three
vertical levels (Fig. 1), whilst the uppermost are the current Metro
C track tunnels. The excavation of the PAD4 gallery was carried
out beneath this route first, followed by the excavation of the
VO-OL gallery. The primary task of GTM here was to gather all the
necessary information and provide immediate access to facilitate
an instant reaction to adverse effects of exploratory activities, with
a goal to exclude all risks jeopardising the operations [5,6].

3. MEASURING SERVICE IN METRO C TUNNELS

So that it would be possible to react to unfavourable effects
without delay, the measuring service was based on a methodology
of measurements taking place in a mode with automatic data
collection (hereinafter ASD), with fast data transfer and processing
in a central computer, and with a subsequent immediate input
into a web Information Monitoring System “ISM Sahure”. In the
automatic regime, changes in inclinations in the longitudinal and
transverse sections of structures and the behaviour of dilatation
groups of the cut-and-cover tunnel junction section between the
Pankrac C station and interstation tunnels were monitored. The
entire observed section of Line C consists of parts constructed
with different technologies, being the aforementioned dilated
monolithic structure adjoining the Pankric C station constructed
in a cut-and-cover pit, and connected interstation excavated
tunnels with a circular cross-section equipped by segments from
cast steel (Fig. 2) [7].

The measuring of transverse inclines was realised with sensors
arranged into measuring profiles with five to eight sensors, mutually
distanced roughly 5 or 10m. At least one longitudinal incline sensor
was associated with each of the
transverse profiles. All of them
were connected using cables to a
management computer located in
the utility rooms of the Pankrac C
station.

Dilatation joints in the cut-and-
cover section of the monitored
Metro C tunnels were spaced
out approximately 25m. They
were typically equipped with
arranged along both
sides of the tunnels, on the
floor, and ceiling, and with an
orientation for the monitoring
of mutual position changes of
neighbouring parts (monolithic
dilatation units) in the horizontal
and even vertical direction. The

Sensors

number and location of sensors in
a profile were given by particular
conditions in each place.

Fig. 2 Installation of inclinometer sensors in the excavated part of the Metro C track tunnel
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Dilatacni spary v hloubené casti sledovanych tunelt metra C
byly vzdaleny ptiblizné 25 m. Byly typicky osazeny snimaci roz-
misténymi po obou stranach tunelii, u podlahy a stropu a s orien-
taci pro sledovani vzajemnych zmén pozic sousedicich partii (mo-
nolitickych dilata¢nich celkll) ve vodorovném i svislém sméru.
Pocet a umisténi snimaci v profilu bylo dano konkrétnimi pod-
minkami v kaZzdém misté.

Vysledky ASD méfeni byly pribézné zpiistupfiovany vysSe zmi-
nénym systémem ISM Sahure. Intervaly odecti méfenych dat
byly nastavovany s ohledem na miru ovlivnéni a podobné byl, dle
aktudlni potieby, mé&nén i interval jejich publikovani. Pfi provadé-
ni prizkumnych ¢innosti s vysokou mirou ovlivnéni prostiedi byla
data automatického monitoringu poskytovana realizacni firmé¢ on-
-line, pfimo z fidiciho pocitace na pracovisté stavby, s pfenosem
informaci do podzemi. Takovy nadstandardni pfistup, jenZ nebyl
pfed zahdjenim prizkumnych praci predpokldddn, umoZiioval
zhotoviteli raZeb reagovat na nepiiznivé odezvy vuci sledovanym
konstrukcim okamzité bez prodlevy. Tato moZnost byla vyuZzivana
opakované, zejména pfi provadéni injektdZnich praci pod tubusy
trasy metra C.

Kromé priubézného automatického méteni byla v metru C pro-
vadéna cyklicka geodetickd méfeni konvergenci prostfednictvim
méfeni prostorovych soufadnic a sledovani sedani tunelt metodou
pfesné nivelace. Geodetickd 3D konvergen¢ni méfeni byla pro-
vadéna v tydennim aZ mési¢nim intervalu podle miry ovlivnéni,
s pfipojenim na pevné body mimo oveéfovanou oblast vlivu pri-
zkumnych praci. Podobné byly fizeny i délka a rozsah aktudlné
meéreného tseku v dané etapé. Geometricka nivelace ze stfedu
byla provddéna v nékolikamési¢nim intervalu, v celkové délce cca
300 m a vzdy v celém useku, ktery byl na pocatku zvolen tak, aby
ovétoval skutecny rozsah poklesové kotliny v trase metra C.

Na zakladé pasportizace a dalSich dostupnych informaci o sle-
dovanych konstrukcich byly vypracovany znalecké posudky, je-
jichz obsahem bylo, mimo jiné, stanoveni varovnych stavil pro
vSechny sledované typy deformacnich projevi na téchto konstruk-
cich a jejich pribézné hodnoceni. Na zaklad¢ postupné ziskava-
nych informaci pak bylo posuzovéni vysledki modifikovano.

Vsechna méfeni GTM byla dile doplnéna pravidelnymi mist-
nimi prohlidkami, pfi kterych se porovnaval aktudlni stavebné
technicky stav tunell se stavem zaznamenanym pfi pasportizaci,
pfipadné se stavem zaznamenanym
pfi pfedchozi prohlidce.

Sledovani tratovych tunelti met-

Tuel

The results of ASD measurements were continuously made
available through the aforementioned ISM Sahure system.
Reading intervals of measured data were set with regard to the rate
of interference, and likewise, the interval of their publishing was
altered according to current need. When performing exploratory
activities with a high rate of environment interference, automatic
monitoring data was provided to the realisation firm online,
directly from the management computer to the construction site,
with information transfer to the underground. Such an above-
standard approach, which was not expected before commencing
exploratory works, enabled the excavations contractor to respond
to adverse reactions in relation to monitored structures instantly
without delay. This option was made use of repeatedly, particularly
while executing grouting works underneath Metro Line C
tubes.

Apart from continuous automatic measuring, cyclic geodetic
convergence measuring was carried out in the Metro C, using
spatial coordinates measuring and tunnel settlement monitoring
with the precise levelling method. Geodetic 3D convergence
measuring was carried out at a weekly to monthly interval
according to the rate of interference, with connections to fixed
points beyond the verified area influenced by exploratory works.
The length and extent of the currently measured section in a given
stage were managed similarly. Geometric levelling from the centre
was carried out at intervals of several months, at a total length of
roughly 300m and always in an entire section, which was selected
at the start in such a way that it would check the actual extent of
the settlement trough on the Metro C route.

On the basis of a condition survey and other available
information about the monitored structures, expert reports were
prepared, containing, besides other things, determining warning
states for all the tracked types of deformation manifestation on
these structures and their continuous assessment. The assessment
of results was then modified on the basis of gradually gathered
information.

All the GTM measurements were further complemented by
periodical local inspections, during which the current construction
technical state of the tunnels was compared to the state recorded

Tab. 1 Exploratory works beneath Metro Line C

ra C bylo, kromé zminénych metodik Ph;se
méfeni, poskytovanych komplet-  inter- | Exploration activity Commencement | Termination
né dodavatelem GTM, dopliiovdano feren-
meéfenimi a kontrolami zajiStova- £
nymi sprivcem a provozovatelem 1 [ PAD4 shatt sinking 23.10.2019 07.01.2020
objektu (Dopravni podnik hl. m. 5 _llfélgg :ﬁzl%r\e(zgzr} gf?llzrr); excavation — TYP1, TYP2 left part, 13.01.2020 13.07.2020
Prahy, a.s.). VSechny vysledky, je- P
jich interpretace a navrhy opatfeni 3 | grouting works PAD4 — 1% part 14.07.2020 19.11.2020
byly pfevdm‘étem Vzé}'emné Komuni- 4 zﬁ‘(lj)fll' \?ézkr)ir;;itoga%allery excavation — TYP2 right part 20.11.2020 93.02.2021
kace a tésné spoluprace. -
5 | grouting works PAD4 — 2 part 23.02.2021 22.03.2021
4. MONITORING BEHEM 6 | PAD4 geotechnical side stub excavation 22.03.2021 07.05.2021
PRUZKUMNYCH PRACI 7 | VO-OL exploration gallery excavation 13.08.2020 18.4.2021
Po celou dobu priizkumu byly 8 | grouting works from PAD4 — 31 part 26.07.2021 24.8.2021
trafové tunely metra C ovliviiové- 9 [ PAD4 exploration gallery enlargement in areas TYP3 and TYP4 31.08.2021 07.12.2021
ny mnoZstvim &initeld. Pro udely 10 | grouting works from VO-OL — 1% part 15.07.2021 23.07.2021
tohoto textu jsou jednotlivd ovliv- 1 VOd-(_)IE eXﬁIoratiotn galllery enlargement in areas o. v. 4.5m 24.07.2021 30.09.2021
néni zjednodusené popsana v tab. 1 and interchange tunne
(8, 9]. 12 | grouting works from VO-OL — 2" part 01.10.2021 18.10.2021
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Tab. 1 Prizkumné prdce pod trasou metra C during the condition survey,
Faze | . o _ alternatively to a state recorded
(:,‘vé"r:’i' Cinnost priizkumu Zahajeni Ukonceni during the previous inspection.

— Besides the mentioned methods of

1 |hloubeni Sachty PAD4 23.10.2019 07.01.2020 . .

z - AR — measuring, completely supplied by
2 rTangg g?élgﬂg\?;ggt PAD4 ~TYP1, TYF2 leva Cast, 13.01. 2020 13.07.2020 the GTM contractor, the monitoring
3 |injektézni préce PAD4 — 1. Sast 14.07.2020 | 19.11.2020 ‘C)Zm“’{zg‘;mgd “;‘Ck rr:z;‘?;':m;”nt
4 ;a%sizrgé{;lgn%gesftoly PADA -T2 prava cast 20.11.2020 23.02. 2021 and fhecks providgd by the manager
5 |injektazni prace PAD4 - 2. Gast 23.02. 2021 22 03.2021 and operator of the object (Prague
6 |razba geotechnické rozrazky PAD4 22.03.2021 07. 05. 2021 Public Transit Company). All the
7 | razba priizkumné Stoly VO-OL 13.08. 2020 18.4.2021 results, their interpretation, and
8 |injektdzni prace z PAD4 - 3. &ast 26.07.2021 24.8.2021 proposals of measures were the
9 | rozsifeni prizkumné Stoly PAD4 v oblastech TYP3 a TYP4 31.08. 2021 07.12. 2021 topic of mutua-l communication and
10 | injektaZni préce z VO-OL - 1. ¢ést 15.07. 2021 23.07. 2021 close cooperation.
1 ;orz)?ércehrgdp;\tljgﬁgmi Ie‘l,Jton VO-OL v oblastech 0.v.4,5 m 24 07,2021 30.09. 2021 4. MONITORING DURING
12| injektézni préce z VO-OL - 2. &st 01.10.2021 | 18.10.2021 EXPLORATORY WORKS

Hloubeni $achty a razby priizkumné stoly PAD4
(faze ovlivhéni 1 a 2)

Pfi hloubeni Sachty, ale predevsim pfii razbé prazkumné Stoly,
se geologické prostfedi kosovského souvrstvi projevilo jako vy-
znamné propustné. Zvlasté se jednalo o rozpukané polohy kie-
mennych piskovci, které se stfidaly s polohami jilovitych bridlic.
Po celou dobu razicich praci v této etap€ bylo Cerpano nezane-
dbatelné mnoZstvi podzemni vody, coZ mélo vyznamny vliv na
pokles jeji hladiny (HPV) (obr. 3) a zprostfedkované na sedani
sledovanych tratovych tunelii (obr. 4). Pozvolna narlstajici de-
formace byla dobfe pozorovatelna piedevsim z méfeni podélnych
naklont a z konvergen¢nich méfeni. Jako nejvice rizikové se dle
predpokladl stalo misto styku raZené a hloubené ¢asti tratovych
tuneld.

Vysledky monitoringu byly s vysokou cetnosti komplexné vy-
hodnocovéany a formou komentovanych grafti zasilany vSem od-
povédnym pracovnikim zucastnénych subjektd projektu, vcetné
provozovatele tunelt metra. Ten svymi méfe-

Throughout the entire duration

of exploration, the Metro C track

tunnels were affected by a number of factors. The individual

interferences are described in a simplified way in the Tab. 1 for the
purposes of this text [8, 9].

Shaft sinking and PAD4 exploration gallery excavation
(phase of interference 1 and 2)

During the sinking of the shaft, but primarily during the
excavation of the exploratory gallery, the geological environment
of the Kosov series of strata proved to be substantially permeable.
In particular, broken up attitudes of quartz sandstones, that
alternated with attitudes of clayey slates. Over the entire duration
of excavation works in this phase a not negligible amount of
groundwater was pumped, which had a significant impact on the
reduction of its surface (groundwater table, GWT) (Fig. 3), and
indirectly on the settlement of monitored track tunnels (Fig. 4).
Gradually increasing deformation was easily observable primarily
from measurements of longitudinal inclines and from convergence

nimi pravidelné ovéroval mimo jiné sjizdnost
trati, kterd byla stéZejnim ukazatelem pro po- 250
kracovani prizkumnych praci. =

Injektazni prace ze Stoly PAD4
- 1. ¢ast (faze ovlivnéni 3) 1

Po dokonceni prvni casti razicich praci
pfiSly na fadu prace injektdzni. Jejich uce-
lem bylo pfedevSim zlepSit geotechnické
vlastnosti horninového masivu v nejbliz§im
okoli Stoly PAD4 a preventivné tim omezit
nezadouci deformace stavajicich tunelti me-
tra C predpoklddanymi vlivy budouci vy-
stavby nové linky metra D. Vliv injektaZi na -
konstrukce tunelt byl vyznamny, jak dobfe
ilustruje zdvih na grafickém zobrazeni pro
chovani podélného profilu levého tratového
tunelu (LTT) (obr. 5) a rovnéZ tak zmény pri-
mo méfenych podélnych naklond, predevsim

[m]
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Na obou grafech nerovnomérného seddni
podélného profilu LTT je zjevnd koncentra-

ce deformaci do mista odpovidajiciho poloze

styku raZené a hloubené casti.
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Obr. 3 Pokles hladiny podzemni vody ve vrtu HG264
Fig. 3 Fall of groundwater level in the HG264 borehole
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TufHel

measurements. According to assumptions,

the location of contact of the excavated and
~— 01.10.2019 cut-and-cover track tunnel section became
== 25.06.2020 the riskiest place.
___1.V§1:000 o
2.VS 1:750 The monitoring results were frequently
~ 3.VS1:600 analysed in-depth and, by way of annotated
) graphs, sent to all of the responsible
VS varovny stav .. . ..
VS warning state workers of the participating entities of the

project. That included the operator of the
metro tunnels, who, with his measurements
regularly checked, besides other things, the
negotiability of the track, which was a pivotal
metric for the continuation of exploratory
works.

Grouting works from the PAD4 gallery
= 15t part (phase of interference 3)
After completing the first part of the
excavation works, it was the turn of the
grouting works. Their main objective was
to improve geotechnical properties of the
rock mass in the closest vicinity of the
PAD4 gallery, and to preventively limit
undesirable deformations of the current

Obr. 4 Nerovnomeérné seddni LTT vlivem poklesu HPV
Fig. 4 Uneven settlement of the LTT due to the fall of GWT

Vliv injektaZnich praci na tunely metra C byl v§emi ucastniky
projektu vniman jako zavazny, proto bylo komplexni vyhodno-
covani vysledkd monitoringu v tomto obdobi provadéno s denni
Cetnosti. Diky pravidelnému ovéfovani sjizdnosti trati provozova-

Metro C tunnels due to expected effects of
the future construction of the new Metro
Line D. The impact of grouting on tunnel
structures was substantial, which is well-illustrated by the elevation
on the graphical depiction of behaviour of the longitudinal profile
of the left track tunnel (LTT) (Fig. 5), and likewise the changes
of directly measured longitudinal inclines, mainly in the LTT

(Fig. 6, 7).

The concentration of deformations into a place correlating with
the location of the connection between the excavated and cut-and-
cover sections is evident on both the graphs of uneven settlement
of the LTT longitudinal profile.

The impact of grouting works on the Metro C tunnels was
perceived as serious by all participants of
the project, hence; the complex evaluation

telem tuneld bylo mozné injektdzni prace tspé€sné dokoncit, coz
mélo pfiznivy vliv na v§echny navazujici prace.

Navazujici razby a injektazni prace (faze ovlivnéni 4 az 7)

Po dokonceni prvni faze injektdZnich praci bylo horninové

prostedi v okoli tratovych tuneltt metra C priznivé stabilizovano

30 of monitoring results was carried out daily
== 03.06.2020 during this period. Thanks to regular checks
T 21.12.2020 of track negotiability by the operator of the
=== 1.V5 1:000 tunnels, it was possible to successfully finish

LT ~--2.V§1:750 ti Ks. which had itive i ¢
——— 3.VS 1:600 grouting works, which had a positive impac

on all subsequent works.

VS varovny stav

2y VS warning state Following excavations and grouting

works (phases of interference 4 to 7)

The rock mass in the environs of Metro

[mm]

C track tunnels was favourably stabilised
after completing the first phase of grouting
works, and the following excavations of the
PAD4 and VO-OL galleries and subsequent
grouting works no longer had any significant
adverse impact on the deformations. During
this period (meaning after completing the
subsequent excavations and grouting), on
almost all of the observed methodologies, the
tracked oscillation of deformation values was

-50 0 50 100

around the values reached after finalising the
1% part of the grouting works.

Obr. 5 Vyvoj nerovnomérného seddni LTT po injektdZich z priizkumné §toly PAD4, 1. &dst
Fig. 5 Development of uneven settlement of the LTT after grouting from the PAD4 exploratory gallery,
1¥ part
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Obr. 6 Zmény podélného ndklonu v LTT (barevné ndklony jednotlivych snimacii, graf rozdélen do oblasti dle fdazi ovlivnéni (¢islo), pripadné bez ovlivnéni (-)
Fig. 6 Changes of the longitudinal incline in the LTT (coloured inclines of individual sensors, graph divided into areas by phases of interference (number),

eventually without interference (-)
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Obr. 7 Vyskové posuny vSech geodetickych 3D bodii v LTT (barevné posuny jednotlivych bodu, graf rozdélen do oblasti dle fdazi ovlivnéni (&islo), pripadné bez

ovlivnéni (-)

Fig. 7 Vertical shifts of all 3D geodesy points in the LTT (coloured shifts of individual points, graph divided into areas by phases of interference (number), even-

tually without interference (-)

a navazujici razby $tol PAD4 a VO-OL a nésledné injektaZzni prace
uZ na deformace nemély vyznamny nepfiznivy vliv. V tomto ob-
dobi (tedy po dokonceni navazujicich razeb a injektazi) byla témér
na vSech sledovanych metodikach pozorovana oscilace hodnot de-
formaci okolo hodnot dosazenych po dokonceni injektaZnich praci
1. ¢asti.

Rozsifeni prizkumnych stol PAD4 a VO-OL a dopliujici
injektaze (faze ovlivhéni 8-12)

Razby rozsifeni prizkumnych $tol a dopliiujici injektdze, kte-
ré probihaly ve druhé poloviné roku 2021, nemély na deformace
tratovych tunelli metra C zdsadni vliv. Nejvyznamnéjsi z té€chto
¢innosti z hlediska ovlivnéni metra C byly injektaZe provadéné
z ¢elby prizkumné Stoly VO-OL.

K textu jsou pfilozeny grafy prikladd reakci na prizkum LTT
metra C. Reakce druhého tubusu byly podobné, posunuté v Case,
dle postupu razeb. Celkové 1ze konstatovat, Ze ovlivnéni pravého
tratového tunelu (PTT) bylo vesmés o néco mirné;jsi.

5. ZAVER

Razba prizkumnych Stol PAD4 a VO-OL v lokalité¢ prazské
Pankrace byla z hlediska geotechnického monitoringu zajimavou
vyzvou, kterd vyZadovala dobrou a intenzivni pfipravu a samo-
zfejmé efektivni realizaci.

Samotny monitoring provozovanych tratovych tunelti metra C
hral v tomto projektu dalezitou roli, kterou, diky kvalitnimu navrhu

PAD4 and VO-OL exploratory galleries enlargement
and supplementary grouting (phase of interference
8-12)

The excavations for the enlargement of exploratory galleries
and supplementary grouting, which took place in the second half
of 2021, did not have a significant impact on the deformations
of Metro C track tunnels. The most important aspect of these
activities in terms of interfering with Metro C was the grouting
carried out from the face of the VO-OL exploratory gallery.

The text is accompanied by graphs with examples of responses
of the Metro C LTT to the exploration. The responses of the second
tube were similar, shifted in time according to the advancement
of the excavations. In general, it is possible to note that the
interference of the right tunnel tube (RTT) was mostly somewhat
milder.

5. CONCLUSION

The excavation of PAD4 and VO-OL exploration galleries in
the area of Pankrac, Prague, was, from a geotechnical monitoring
standpoint, an interesting challenge, which required good and
intensive preparation and, naturally, effective realisation.

The monitoring of the operated Metro C track tunnels itself
played a key role in this project, which was successfully fulfilled
over the entire duration thanks to a high-quality plan and realisation.
The deployment of automatic monitoring components into the
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a provadéni, po celou dobu tspésné plnil. Nasazeni prvka auto-
matického monitoringu do méfici linky bylo béhem prizkum-
nych praci zcela kli¢ové, nebot umoziiovalo nepretrzité sledovat
vyvoj méfenych veli¢in a s volitelnou Cetnosti je vyhodnocovat.
Za predpokladu vyuZiti pouze cyklickych metod méfeni by neby-
lo mozné zachytit nepiiznivé trendy deformaci dostate¢né rych-
le a reagovat na n¢ v€as vhodnymi opatfenimi. Dalsi nevyhodou
pouziti pouze cyklickych metod méfeni je v tomto ptfipadé moz-
nost jejich provadéni pouze v dobé tratové vyluky provozované
linky.

Béhem necelych tfi let trvani tohoto projektu byly tratové tunely
metra C postupné vystavovany riznym druhtim namahani, které se
diky uzké spolupréci vSech ucastnikti dopliikového prizkumu da-
filo vyhodnocovat a G¢inn€ upravovat postupy stavebné-priazkum-
nych ¢innosti. Vyznamnym vysledkem této spolupréce je fakt, Ze
po celou dobu trvani projektu nebyl narusen ani pribéh prazkum-
nych praci, ani pravidelny provoz metra C.

Dulezitym vysledkem z prubézného a zavérecného hodnoceni
trasy C byl upraveny zpisob posuzovani varovnych stavli pro na-
vazujici fazi, tj. pro vystavbu nové trasy metra D v iseku Pankrac—
Olbrachtova. Ten spocival v posuzovani dil¢ich zmén od zahdjeni
vystavby trasy metra D k nové stanovenym zpfisnénym varovnym
staviim, a déale k posuzovani celkovych deformaci od zahdjeni
doplikového prizkumu podle aktualizovanych pivodnich varov-
nych stavu.

V soucasné dobé jiz byla dokonCena vétSina razeb prvni Casti
metra D, tj. pfi vystavbé metra [.D1a (Gsek Pankrdc—Olbrachto-
va), nyni jsou dokoncovany razby jednolodni stanice Pankrac D.
Velmi narocné razby nové trasy metra D dosud nemély zasadnéjsi
negativni vliv na provoz trasy metra C i diky podrobné ptipravé
prizkumnych praci a jejich uspésnému provedeni.

Ing. MARTIN VINTER,
vinter.martin @inset.com,
Ing. VOJTECH ANDERLE,
anderle.vojtech@inset.com,
INSET s.r.o.
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TuNel

measuring service during the exploratory works was absolutely
key, since it enabled continuous tracking of the development of
measured quantities and to evaluate them with optional frequency.
Assuming that only cyclic measurement methods were utilised, it
would not be possible to detect unfavourable deformation trends
with sufficient speed, and to react to them in a timely manner with
appropriate measures. Another disadvantage of using only cyclic
measurement methods is that, in this case, it is only possible to
execute them during a track closure of the operated line.

During less than three years of this project, the Metro C track
tunnels were gradually subjected to various types of stress,
which, thanks to the close cooperation of all the participants of
the supplementary exploration, were successfully evaluated and
effectively altered by the procedures of construction-exploration
activities. An important result of this cooperation is the fact that
not only the progress of exploratory works or the regular Metro C
operations were not disrupted over the entire duration of the project.

An important result of the interim and final evaluation of Line C
was an adjusted method of assessing warning states for the following
phase, i.e., for the construction of the new Metro Line D in the
Pankrac — Olbrachtova section. It consisted of assessing partial
changes since the start of construction of Metro D in compliance
with the newly established stricter warning states, and further
assessing total deformations from the onset of the supplementary
exploration according to updated original warning states.

The majority of excavations of the first part of Metro D have
already been completed at the present time, i.e., the construction
of Metro I.Dla (Pankrac — Olbrachtova section), with the
excavations of the single-vault Pankrac D station being finalised.
The highly demanding excavations of the new Metro D route have
not yet had any significant negative impact on the operation of the
Metro C route, even thanks to thorough preparation and successful
completion of exploratory works.

Ing. MARTIN VINTER,
vinter.martin@inset.com,
Ing. VOJTECH ANDERLE,
anderle.vojtech@inset.com,
INSET s.r.o.
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