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MONITORING PRI VYSTAVBE STANICE OLBRACHTOVA LINKY
METRA D V PRAZE
CONSTRUCTION MONITORING OF THE OLBRACHTOVA STATION
OF METRO LINE D IN PRAGUE

JAKUB BOHATKA, DANIEL HORVATH, MILAN KOSSLER

ABSTRAKT

Stanice Olbrachtova je soucdsti nové linky metra D v Praze. Jde o technicky velmi komplikované podzemni dilo s radou kriZicich se
tunelovych objektii. Navic je stanice situovdna v husté zastavéné méstské cdsti Pankrdc. Z téchto diivodii je nutno po dobu vystavby stanice
realizovat geotechnicky kontrolni monitoring. Ten je zaméten jednak na podzemi, kde se pri razbdch méri predevsim pohyby primdrniho
osténi (konvergence) a rovnéZ se zde systematicky sleduji zastiZené inZenyrskogeologické poméry. Ddle se monitoring zaméruje na sledovd-
ni horninového masivu v okoli vyrubii. Za pomoci sité z povrchu instalovanych inklinometrii, extenzometrit a hydrovrtii se monitoruji jeho
pohyby a vodni reZim. Na povrchu je pak podrobné sledovdna nadzemni zdstavba a také samotny terén s vyuZitim geodetickych méreni.
Domy v poklesové kotliné jsou navic méteny ndklonoméry a deformometry. Soucdsti komplexu stanice Olbrachtova jsou rovnéZ dvé hlou-
bené stavebni jamy budované pro vystavbu ndstupnich a vystupnich vestibuli jih a sever. Obé jamy se monitoruji geodeticky za pomoci
3D bodii osazenych na sténdch jam. Ddle se zde sleduji kotevni sily dynamometry osazenymi na hlavy vybranych kotev. Systém méveni jam
Jje doplnén inklinometry instalovanymi do vybranych obvodovych pilot.

ABSTRACT

The Olbrachtova station is part of the new metro line D in Prague. It is a technically very complicated underground structure with a number
of intersecting tunnels. In addition, the station is located in the densely built-up district of Pankrdc. For these reasons, it is necessary to
carry out geotechnical monitoring during the station construction. This is focused primarily on the underground, where the primary lining
deformation (convergence) is measured during excavations and the engineering geological conditions are also systematically monitored.
Furthermore, the monitoring focuses on the ground in the vicinity of the tunnels. Ground movements and water regime are monitored
using a network of inclinometers, extensometers and borehole piezometers installed from the surface. The buildings and also the terrain
are monitored in detail with the help of geodetic measurements. Houses in the ground settlement zone are additionally measured with
inclinometers and strain gauges. The Olbrachtova station complex also includes two excavated construction pits built for the construction
of the south and north entrance and exit vestibules. Both pits are monitored geodetically using 3D points placed on the walls of the pits.
Furthermore, anchor forces are monitored using dynamometers mounted on the heads of selected anchors. The pit measurement system is
complemented by inclinometers installed in selected perimeter piles.

uvop

Realizace trasy metra I.D zapocala v dubnu 2022 vystavbou
1. etapy v useku Pankrac—Olbrachtova dlouhé cca 1,3 km. JelikoZ
je 1. etapa technicky komplikovana, a tedy Casové naroc¢nd, zapo-
Cala jeji vystavba v predstihu pred zbylou &4sti trasy. Usek 1. etapy
v sobé totiz mimo dvé stanice a tratové tunely mezi nimi zahrnu-

INTRODUCTION

Construction of the LD metro began in April 2022 with the
construction of the 1* phase of the Pankrac—Olbracht section, ap-
proximately 1.3km long. As the 1% phase is technically complicated
and therefore time-consuming, its construction began ahead of the rest
of the route. In addition to the two stations and the running track tunnels
between them, the section of the 1* phase also includes a connection
running track tunnel between the routes C and D, a passenger transfer
tunnel at Pankrac station between the named lines, access shafts and
tunnel adits, five escalator tunnels, cross-passages between tunnels,
construction pits for future station concourses, several other bulky
technological underground rooms and other smaller facilities. This
section is expected to be completed in 2029.

The construction of the 1% phase followed after the additional
geological survey of the Pankrac—Olbracht section was carried out
between June 2019 and November 2021, the results of which are
published in [1] and [2]. As part of it, the geotechnical parameters of
the rock massif were specified in which the exploration tunnels and

je i propojovaci tratovy tunel mezi trasami C a D, prestupni tunel
ve stanici Pankrdc mezi jmenovanymi linkami, pfistupové Sachty
a Stoly, pét eskaldtorovych tuneli, propojky mezi tunely, stavebni
jamy pro budouci stani¢ni vestibuly, n€kolik dalSich objemnych
pridruzenych technologickych podzemnich objekti a dal$i mensi
objekty. Pfedpoklad dokonceni tohoto useku je v roce 2029.
Vystavba 1. etapy navédzala na predchozi doplitkovy geologic-
ky prizkum useku Pankrac—Olbrachtova realizovany v obdobi od
¢ervna 2019 do listopadu 2021, jehoZ vysledky jsou publikovany
v [1] a [2]. V ramci n¢ho byly upfesnény geotechnické parame-
try horninového masivu ve vybudovanych prizkumnych $tolach

a Sachtach pro samotnou stavbu.

Stanice metra Olbrachtova je soucasti vystavby nové linky metra
I.D, kterd vyrazné vylepsi dopravni obsluhu mezi centrdlni ¢asti
Prahy a jiZznim okrajem metropole. V severni ¢asti trasy I.D dojde
k propojeni se stavajicimi linkami A a C v pfestupnich stanicich
Néamésti Miru a Pankrac. Situovani linky I.D je patrné z obr. 1.

shafts were built as past of the future construction.

The Olbracht metro station is part of the construction of the new
I.D metro line, which will significantly improve transport services
between the central part of Prague and the southern edge of the
metropolis. In the northern part of route I.D, the route connects with
the existing lines A and C at the transfer stations Namésti Miru and
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Stanici Olbrachtova tvofi stavebni
oddil (SOD13), na kterém zapocaly
zemni prace v fijnu 2023 hloubenim
Sachty pro vystavbu stanice, situo-
vané nad propojkou sever pfibliz-
né uprostied stanice Olbrachtova.
Z Sachty byla poté vyraZena pro-
pojka sever, ze které byly nasledné
vyrazeny levy i pravy stani¢ni tunel
smérem na jih (smér stanice N&-
drazi Kr¢, SOD15). Nasledné byly
z levého i pravého tunelu vyraZeny

Pankréc. The location of the I.D line
can be seen in Fig. 1.

The Olbrachtova station consists
of a construction section (SOD13),
in which earthworks began in
October 2023 by excavating the
shaft for the station construction,
located above the north cross-
passage approximately in the middle
of the Olbrachtova station. The north
cross-passage was then driven from
the shaft, and from the cross-passage

stiedni a jizni propojky stanice. Se- the left and right station tunnels
verni C¢ast stanicnich tuneldl situo- were subsequently driven south (in
vanych severné od propojky sever "3, WACERQ -~ ROZTYLY the direction of Nadrazi Kr¢ station,
byla vyraZena z tratovych tunell E;-r-._ ax NADRAY kRe . ™ SOD15). Subsequently, the central
oddilu SOD12. Propojky mezi sta- NEMOGNICE KRt L) pCHOOOVame | i southern cross-passages of the
nicnimi tunely a budoucim stfednim | o - Sk bl = station were driven from the left and
(tf:chnologlckym) tunelem ozna.ce- ” VA (1 yove ovory =5 right sFatlon tur?nels. The northern
né propojka TGT sever, propojka __ ._,,--" e @50 r part of the station tunnels located
TGT jih a propojka TGT VZT byly :" Snori ' il ekl north of the north cross-passage
razeny z levého i pravého stani¢ni- ‘ 2 + was driven from the track tunnels of
ho tunelu. Z povrchu jiz byly rovnéz ~ f =" - E] Mty g, 1 iU W&E : section SOD12. The cross-passage
vyhloubeny obé stavebni jamy pro [+ T Ay, s between the station tunnels and the
vestibuly sever a jih. V soucasnosti  [* Mo Bardoby S o future central (technological) tunnel
(fijen 2024) se razi jiZ jen eskalato- ezt 3 % K m (\'f marked TGT north cross-passage,

rové tunely severni (dale jen ETS)
a jizni (dale jen ETJ). V lednu 2025
je planovano zapoceti razby posled-
ni ¢asti stanice Olbrachtova a sice
razby technologického tunelu, ktery
se nachazi uprosted mezi jednotlivymi stani¢nimi tunely v sever-
ni Casti oddilu. Je predpoklad, Ze razby budou na SOD13 defini-
tivné ukonceny v zafi 2025 dokoncenim technologického tunelu.
Prehledna situace objektll s popisem jednotlivych ¢asti SOD13 je
zndzornéna na obr. 2.

Generalnim dodavatelem budované 1. etapy trasy metra I.D je
sdruzeni firem Subterra a.s., HOCHTIEF CZ a.s. a STRABAG a.s.,
pricemz zhotovitelem stavebni c¢asti SODI13 jsou spolecnosti
STRABAG a.s. a HOCHTIEF CZ a. s. Dodavatelem praci geotech-
nického monitoringu je sdruZeni ,,KRTEK D Monitoring*, zastou-
pené firmami SG Geotechnika a.s., INSET s.r.0., GeoTec-GS, a.s.
a PUDIS a.s. Investorem akce je Dopravni podnik hl. m. Prahy,
akciova spolec¢nost, zastoupeny obstaravatelem spolecnosti InZe-
nyring dopravnich staveb a.s.

Obr. 1 Situace §irsich vztahi
Fig. 1 Plan view

POPIS ZAKLADNICH STAVEBNETECHNICKYCH
PARAMETRU DILA

Pro stani¢ni tunely byly pro pricné usporadani navrZeny dle po-
tfeb provozu metra tfi zakladni typy vyrubli — maly profil, stfedni
profil a velky profil. Zastoupeni jednotlivych typa vyrubii v podél-
ném sméru tunell je patrné z obr. 2. Pro jednotlivé typy tunelti
(stani¢ni, technologicky, eskaldtorovy a ostatni raZené objekty) byl
vyrub ¢lenén horizontalné na kalotu, opéfi a dno. V profilech vét-
Sich vyrubt byla u n€kterych technologickych tfid kalota a pripad-
né i opéfi ¢lenéno jesté vertikalné na pravou a levou Cast.

Pro razbu byly navrZeny vyztuzovaci prvky primérniho osténi
sestavajici ze dvou vrstev stiikaného betonu (SB) vyztuZeného oce-
lovou siti, prihradovych ramu, radidlnich svorniki, predhanénych
obvodovych jehel, celbovych kotev a vkladané ocelové vyztuZe ruz-
nych tvart a délek. Pfi razbach na SOD13 byla rovnéz pouZita zpev-
fujici a tésnici chemicka injektdZ horninového prostiedi aplikovana

zdroj web Dopravniho podniku hl. m. Prahy, akciovd spolecnost
source website of the Transport Company of the City of Prague, stock company

TGT south cross-passage and TGT
VZT cross-passage were driven from
the left and right station tunnels.
The two construction pits for the
north and south vestibules have also
been excavated from the surface. Currently (October 2024), only
the northern (hereafter referred to as ETS) and southern (hereafter
referred to as ETJ) escalator tunnels are being excavated. Excavation
of the last part of the Olbrachtova station is planned to begin in
January 2025, namely the excavation of the technological tunnel,
which is located in the middle between the individual station tunnels
in the northern part of the section. It is assumed that excavation at
SOD13 will be completed in September 2025 with the completion
of the technological tunnel. A situation of objects with a description
of individual parts of SOD13 is shown in Fig. 2.

The general contractor of the 1% phase of the I.D metro line is
the joint venture of companies Subterra a.s., HOCHTIEF CZ a. s.,
and STRABAG a.s., while the contractor for the construction part
of SOD13 is STRABAG a.s. and HOCHTIEF CZ a. s. The supplier
of geotechnical monitoring works is the joint venture “KRTEK D
Monitoring”, represented by the companies SG Geotechnika a.s.,
INSET s.r.o., GeoTec-GS, a.s. and PUDIS a.s. The investor is
Prague Public Transit Company, a stock company, represented by
the supervizing company InZenyring dopravnych staveb a.s.

DESCRIPTION OF BASIC STRUCTURAL
PARAMETERS

The station tunnels are three basic types: small profile, medium
profile and large profile which were designed for the transverse
arrangement according to the needs of the metro operation. The types
of excavations in the longitudinal direction of the tunnels can be
seen in Fig. 2. The excavation of the tunnels (station, technological,
escalator and other excavated objects) was divided horizontally into
a top heading, abutment and bottom benches. In large tunnel profiles
of some technological classes, the top heading and possibly the
abutment were also divided vertically into right and left side drifts.
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Obr. 2 Situace stanice Olbrachtova
Fig. 2 Olbrachtova station plan view

do predpoli razeb prostfednictvim celbovych kotev a obvodovych
predhdnénych jehel. Detailné jsou zplsoby vyztuZeni a provadéni
razeb popsany v provadécich projektech zpracovanych v [3], [4],
[STa[6].

Stani¢ni tunely Olbrachtova jsou raZzeny ve skalnim prostredi re-
prezentovaném ordovickymi bfidlicemi (bohdaleckého souvrstvi),
které jsou Casto tektonicky porusené, coz zhorSuje jejich mecha-
nické vlastnosti. Skalni podloZi je prekryto kvartérnimi vrstvami
a vrstvou antropogennich sedimentd. Kvartérni vrstvy reprezentuje
predevsim niZe poloZend Pankracka terasa zahrnujici celou $kalu
zemin od hlinitopiscCitych az po Stérkopisky. Vyska nadlozi stanic-
nich tuneld je cca 24 m, mocnost antropogennich sedimentd Cini
cca 1,5 m a mocnost fluvidlnich zemin je cca 6 m. Z uvedeného
vyplyva, Ze vlastni skalni nadlozi tuneld ¢ini cca 16,5 m s tim, Ze
povrch skalniho podloZi tvoii pfi bazi kvartéru cca 3 m mocna vrs-
tva siln€ zvétralé bridlice pevnostni tfidy RS az R6.

Stanice Olbrachtova je situovana ve stani¢eni km 42,968.877 az
km 43,189.666 (plati pro levou kolej), tzn., Ze je dlouhd cca 221 m,
pfi¢emZ staniCeni tunell nartstd ve sméru od severu k jihu. Levy
stani¢ni tunel (ddle LST) i pravy stani¢ni tunel (dale PST) v podél-
ném sméru klesaji v celé délce tseku.

CINNOSTI GEOTECHNICKEHO MONITORINGU

Monitoring stanice Olbrachtova (SOD13) je provadén dle po-
drobné provadéci projektové dokumentace, kterd byla zpracovana
ve dvou hlavnich Castech. Prvni ¢ast [7] zahrnuje tsek situovany
severné od propojky sever a druhd ¢ast [8] pro dsek jizné od pro-
pojky sever.

Primary lining consisting of two layers of shotcrete (SC) reinforced
with steel mesh, lattice girders, radial bolts, spiles, face anchors
and steel reinforcement rebars of various shapes and lengths was
designed for the excavation. During excavations at SOD13, a ground
strengthening and groundwater sealing chemical grouting of the rock
was also used, and applied in the ground ahead of the excavations
by means of the face anchors and spiles. The tunnel excavation
technology and is described in detail in the project documentation
for construction in [3], [4], [5] and [6].

The Olbrachtova station tunnels are excavated in the rock
represented by Ordovician clayshales (Bohdalec formation), which
are often tectonically fractured, which worsens their mechanical
properties. The bedrock is covered by Quaternary layers and a layer
of anthropogenic sediments. The Quaternary layers are mainly
represented by the lower Pankric terrace, including the whole
range of soils from silty sand to gravelly sand. The height of the
overburden of the station tunnels is approx. 24m, the thickness of
anthropogenic sediments is approx. 1.5m and the thickness of fluvial
soils is approx. 6m. It follows from the above that the actual rock
cover of the tunnels is about 16.5m, and that the top of the bedrock
consists of about 3m thick layer of strongly weathered clayshale of
strength class R5 to R6.

The Olbrachtova station is located at the stationing 42,968,877km
to 43,189,666km (applies to the left track), i.e. it is approximately
221m long, while the stationing increases in the direction from north
to south. The left station tunnel (LST) and the right station tunnel
(PST) descend in the longitudinal direction along the entire length
of the section.
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Monitoring v podzemi

Jednou z hlavnich ¢innosti monitorujici v podzemi chovani vyru-
bu a primdrniho osténi bezprostfedné po vyraZeni dila, jsou geode-
ticka méfeni deformaci ve 3D (tzv. konvergencni méteni), pouzitd
ve vSech raZzenych a hloubenych objektech. Pro vystavbu SOD13
byla stanovena zdkladni vzdalenost konvergencnich profild 10 m.
Konvergencni profily maji dle rozméru pii¢ného profilu vyrubu po-
Cet bodu od tfi (propojka VZT) aZ po devét (stanicni tunely velkého
profilu, ETS, propojka sever a tunel TGT). Obecné 1ze konstatovat,
Ze vyvoj deformaci vyrubu byl pfiznivy ve vztahu k nastavenym
varovnym staviim (jejichz kritéria byla stanovena statickym vypoc-
tem). Svislé i pficné deformace se vétSinou ustalovaly pod stano-
venymi kritérii varovnych stavl (dale jen VS). Pouze na n¢kolika
profilech byl prekrocen 1. VS, napiiklad na profilu PST KVG P10,
jehoz umisténi je patrné z obr. 2. Vyvoje deformaci ve svislém
a prfi¢ném sméru na tomto konvergen¢nim profilu jsou zndzornény
na obr. 3 a obr. 4.

V podzemi byla dale provadéna podrobnd inZenyrskogeologicka
dokumentace vyrubu s fotodokumentaci a geotechnickym paspor-
tem s ndkresem Celby, textovym zdznamem zjiSténych skutecnos-
ti, zhodnocenim kvality horninového masivu dle zasad klasifikace
QTS a komentafi ¢i doporucenimi ohledné technologickych opat-
feni pro dalsi razbu. Tato ¢innost byla provadéna systematicky pro
kazdy zabér razeb. Razbami byly dle predpoklada zastizeny ordo-
vické bridlice, které se v zdsad¢ vyskytovaly ve dvou kvalitach, a to
jako zdravé — nezvétralé (pevnostni tfidy R3 azZ R4) nebo jako tek-
tonicky postizené (pevnostni tiidy R5, misty i R6). Tyto dva typy
horniny se v pritbéhu razeb Casto stfidaly. Pfitoky podzemni vody
do vyrubu byly nizké a vétSinou se projevovaly pouze jako ukapy.
I vzhledem k relativné suchému prostfedi probihaly razby, jak ve
zdravych, tak i v tektonicky porusenych usecich, bez vyznamnéj-
Sich stabilitnich probléml (rozpojovani horniny bylo provadéno
strojné).

V podzemi bylo rovnéz méfeno napéti v primarnim osténi. V LST
i PST bylo pro tento ucel instalovano po tfech tenzometrickych

Tuel

GEOTECHNICAL MONITORING ACTIVITIES

The monitoring of the Olbrachtova station (SOD13) is carried out
according to the project detailed documentation for construction,
which was processed in two main parts. The first part [7] includes
the section located north of the north cross-passage and the second
part [8] the section located south of the north cross-passage.

Underground monitoring

lall open cuts and underground excavations, are one of the main
activities used for monitoring the behavior of the excavation and
primary lining in underground immediately after the excavation.
For the construction of SODI13, the basic distance between the
convergence profiles was determined to be 10m. Convergence
profiles have from three (VZT cross-passage) to nine target points
(large profile station tunnels, ETS, north cross-passage and TGT
tunnel) depending on the size of the cross section profile. In general,
it can be stated that the development of the deformations of the
excavated profiles was favorable in relation to the warning levels
(whose criteria were determined by static calculation). Vertical
and transverse deformations were mostly below the warning levels
(hereafter referred to as VS). Only on a few profiles, the 1% VS was
exceeded, for example on the PST KVG P10 profile, the location
of which can be seen in Fig. 2. Developments of deformations in
the vertical and transverse directions on this convergence profile are
shown in Fig. 3 and Fig. 4.

In the underground, the detailed engineering-geological
documentation of the excavation was carried out with photo
documentation and a geotechnical sheet with a sketch of the face,
a text record of the facts found, an evaluation of the quality of
the rock according to the principles of the QTS classification and
comments or recommendations regarding technological measures
for further excavation. This activity was carried out systematically
for each excavation round. According to the assumptions, Ordovician
clayshales were encountered during the excavations, which basically
occurred in two qualities, namely as sound (strength classes R3 to
R4) or as tectonically disturbed (strength classes RS, sometimes even
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Obr. 3 Vyvoj deformamaci ve svislém sméru na konvergencnim profilu P10
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Fig. 3 Development of deformations in the vertical direction in the convergence profile P10
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Obr. 4 Vyvoj deformamaci v piicném sméru na konvergenénim profilu P10

zdroj Krtek D monitoring source Krtek D monitoring

Fig. 4 Development of deformations in the transverse direction in the convergence profile P10

profilech. Tti profily byly instalované v mistech s malym ¢i stfed-
nim vyrubem a sestavaly ze tii dvojic tenzometr. Dalsi tfi profily
byly osazené do velkého vyrubu a ty sestavaly vzdy z péti dvojic
tenzometrd. Tenzometry byly vzdy umistény ve dvojicich v rubu
a lici primdrniho osténi tangencialn€. Maximalni naméfené hodno-
ty napéti ¢inily do 25 MPa v tlaku ¢i tahu.

Dalsi polozkou monitoringu v podzemi pro posouzeni vlivu
razby bylo konvergen¢ni méfeni uvniti' stavajici kanalizace (sto-
ce) situované v nadlozi LST i PST v ulici Jeremenkova. Zde bylo
instalovdno sedm tfibodovych konvergenc¢nich profild mérenych
konvergencnim pasmem. Naméfené deformace byly nizké, v jed-
notkach prvnich milimetrt.

Monitoring horninového prostredi

Pro sledovani svislych deformaci skalniho masivu nad vyrubem
(a rozvolnéni horninového prostfedi) bylo v rdmci SOD13 pred
zapoCetim raZeb instalovano 11 extenzometri (EXT 338 az EXT
348). Vrty byly umistény do mist s ocekdvanymi zvySenymi defor-
macemi, tedy do kiiZeni LST a PST s tunelovymi propojkami ¢i
uprostifed mezi LST a PST v ose propojek. Jejich situovani je patrné
z obr. 2. U vSech vrti byly v podzemi instalovany tfi méfici trovné
— nejnizsi ve vySce cca 2 m, stfedni cca 7 m a nejvyssi cca 12 m
nad teoretickym licem vyrubu. Vrty byly méfeny kontinualné v au-
tomatickém rezimu s odeCtem po Sesti hodinach. Nékteré métené
drovné extenzometrd EXT 340, EXT 344 a EXT 345 vykazovaly
relativné velky pohyb vzhiru jiz n€kolik metrti pred prichodem
kaloty. K nejvétsimu zdvihu doslo u extenzometru EXT 340, kde
byl 4 m pred prichodem kaloty naméfen zdvih +39 mm. Pohyby
vzhiru byly zplisobeny aplikaci systematické injektdZe realizované
v predpoli raZeb do priistropi a do Celby. Ostatni extenzometry rea-
govaly na razby dle ocekavani sedanim. Nejvyssi sedani bylo na-
méfené na EXT 346 na nejnizsi kotvé, kde byla deformace 72 mm.
Velka cast deformace (47 mm) probéhla jeSt€ pred prichodem

R6). These two types of rock often alternated during excavations.
Groundwater inflows into the tunnel were low and mostly manifested
themselves only as drips. Even due to the relatively dry environment,
excavations were carried out in both healthy and tectonically
disturbed sections without significant stability problems (the rock
disintegration was done mechanically).

The stress in the primary lining was also measured underground.
For this purpose, three tensometric profiles were installed in both
LST and PST. Three profiles were installed in places with small or
medium excavation cros ssection and consisted of three pairs of strain
gauges. The other three profiles were fitted into large cross section
and each consisted of five pairs of strain gauges. Strain gauges were
always placed in pairs tangentially on the back and the face side of
the primary lining. The maximum measured stress values were up to
25MPa in compression or tension.

Another task of underground monitoring was to assess the impact of
excavation on walls deformation measured inside the existing sewer
(sewage) located in the overburden of LST and PST in Jeremenkova
Street. Seven three-point convergence profiles measured by the
convergence tape were installed here. The measured deformations
were low, in units of millimeters.

Rock mass monitoring

In order to monitor the vertical deformations of the rock mass
above the excavation (and the loosening of the rock mass),
11 extensometers (EXT 338 to EXT 348) were installed within
SOD13 before the start of excavations. The boreholes were placed in
places with expected increased deformations, i.e. in the crossing of
LST and PST with tunnel cross-passages or in the middle between
LST and PST in the axis of the cross-passages. Their location can be
seen in Fig. 2. For all boreholes, three measuring levels were installed
underground — the lowest of approx. 2m, the middle of approx. 7m
and the highest level at approx. 12m above the theoretical excavation
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prvni dil¢i kaloty pod vrtem a lze tudiz predpokladat, Ze tato Cast
deformace byla zplsobena tlakem injektazi realizovanych pred
razbou. Zbyvajici ¢ast sedani (25 mm) Ize pficist vlivu razeb. Pra-
béh deformaci naméfenych EXT 346 je na obr. 5. Ve stejném stani-
¢eni jako EXT 346 byl rovnéz instalovan konvergenc¢ni profil KVG
L17, na kterém byla naméfena svisla deformace vrcholového bodu
cca 10 mm, tedy cca 40 % hodnoty sedani z extenzometru.

Pro sledovani vodorovnych pohybt horninového prostiedi byly
v jizni ¢asti stanice Olbrachtova instalovany dva vertikalni inklino-
metry ve vrtech INKL 350 a INKL 354, jejichZ situovani je patrné
z obr. 2. INKL 350 je umistén 1,7 m nalevo (ve sméru stanic¢eni)
od teoretického lice vyrubu levého stani¢niho tunelu a INKL 354
je umistén 1,9 m napravo (ve sméru staniceni) od teoretického lice
vyrubu PST. INKL 350 byl instrumentovan do hloubky 38,5 m, tedy
cca 5,1 m pod pocvu LST. INKL 354 byl instrumentovan do hloub-
ky 36,0 m, tedy cca 2,4 m pod pocvu PST. Na obou inklinometrech
byla méfeni provadéna v Cetnosti cca lkrat az 2krat za tyden pii
prichodu celeb. INKL 350 vsak byl pfi prichodu kaloty v hloub-
ce 21 m poskozen injektdZi nebo radidlnim svornikem a od ledna
2024 neni méfitelny. Maximalni vodorovnou deformaci INKL 350
zaznamenal v drovni kaloty, a to 4 mm zédpadnim smérem (smérem
k vyrubu LST). INKL 354 reagoval na prichod kaloty minimaln¢.
AZ pfi priichodu opéii vzrostla horizontalni deformace o cca 2 mm.
K 5. 11. 2024 byla vodorovna deformace v trovni vyrubu PST
4 mm vychodnim smérem (smérem k vyrubu PST).

Pro sledovani rezimu hladiny podzemni vody (didle HPV) bylo
pred zapocetim razeb v oblasti stanice Olbrachtova instalovano Sest
hydrovrtl ozna¢enych HG 125 a HG 355 az HG 359. Jejich situové-
ni je patrné z obr. 2. Ve vrtech HG 125, HG 355, HG 357 a HG 358
doslo béhem vystavby pouze k nevyznamnym zménam, vliv stav-
by se zde tedy neprojevoval. Odlisna byla situace u vrtu HG 356,
ktery je situovdn na hranici SOD12 a SOD13 (viz obr. 2). Okolo
tohoto vrtu prochazely dil¢i vyruby PST (kalota a dno) v €ervenci
2023, coz koresponduje s chovanim HPV — viz obr. 6. Z obrazku
je patrné, Ze v obdobi od Cervence 2023 az do prosince 2023 zde
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boundary. The borehole measurements were taken continuously in
automatic mode with a reading every six hours.

Some of the measurements of the EXT 340, EXT 344 and EXT 345
extensometers showed a relatively large upward movement already
several meters before the passage of the top heading. The largest lift
occurred in the extensometer EXT 340, where a lift of +39mm was
measured 4m before passing through the top heading. The upward
movements were caused by the application of systematic grouting
carried out ahead of the excavation face. The other extensometers
responded to the excavations by measured settlements as expected.
The highest settlement was measured at EXT 346 at the lowest level,
where the deformation was 72mm. A large part of the settlement
(47mm) took place even before the passage of the first top heading
side drift under the borehole, and it can therefore be assumed that this
part of the deformation was caused by the pressure of the grouting
carried out before excavation. The remaining part of the settlement
(25mm) can be attributed to the influence of the excavation. The
development of deformations measured by EXT 346 is shown in
Fig. 5. In the same stationing as EXT 346, a KVG L17 convergence
profile was also installed, in which the vertical deformation of the
crown point of approx. 10mm, was measured, which was approx.
40% of the settlement value measured in the extensometer.

To monitor the horizontal movements of the rock mass, two vertical
inclinometers were installed in the southern part of the Olbrachtova
station in INKL 350 and INKL 354 boreholes, the location of which
can be seen in Fig. 2. INKL 350 is located 1.7m to the left (in the
direction of stationing) from the theoretical boundary of the left station
tunnel, and INKL 354 is located 1.9m to the right (in the direction of
stationing) from the theoretical boundary of the PST. INKL 350 was
instrumented to a depth of 38.5m, i.e. approx. 5.1m below the LST
invert. INKL 354 was instrumented to a depth of 36.0m, i.e. approx.
2.4m below the PST invert. On both inclinometers, measurements
were taken approximately 1 to 2 times per week during the passage of
the excavation faces. However, INKL 350 was damaged by grouting
or by a radial bolt during the passage of the top heading at a depth of

pohyby kotev anchor movements

[mm] [mm]
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Obr. 5 Priibéh deformace extenzometru EXT 346
Fig. 5 Development of extenzometre deformation in EXT 346

zdroj Krtek D monitoring source Krtek D monitoring
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Obr. 6 Vyvoj hladiny podzemni vody hydrovrtu HG 356
Fig. 6 Development of the groundwater level in the hydrowell HG 356

dochézelo k soustavnému poklesu HPV, coby reakce na razby (po-
kles o cca 3 m). PST nalezejici do SOD 12, ktery na severu nava-
zuje na PST néleZejici do SOD 13, byl totiz raZen v technologické
tiidé Sa. U této tfidy nebyly aplikovany zpevilujici a tésnici che-
mické injektdZe po obvodu pristropi a v Celbé, podzemni voda tak
snadnéji pronikala do tunelu. Naproti tomu po celé délce SOD13
bylo raZeni podporovéano funk¢ni injektazi, ktera na SOD13 branila
snizeni HPV vlivem tunelovéani. Mirné ovlivnéni HPV bylo jesté
indikovdno u hydrovrtu HG 359, a to vzhledem k hloubeni jamy
severniho vestibulu. Doslo zde po dohloubeni jamy na definitivni
urovenl k poklesu HPV o cca 30 cm.

Monitoring ha povrchu

Tunely stanice Olbrachtova sleduji zhruba severojizni smér. Ze
severu trasa nejdiive kratce (cca 18 m) podchazi v kolmém sméru
ulici Jeremenkovu a poté pokracuje k jihu (cca 39 m) a v ostrém
thlu podchazi ulici Na Strzi (viz obr. 2). Dale na jih od ukonceni
stani¢nich tuneld (od km 43,189.666 LST) povrchovou zastavbu
ovliviiuje jama jiZniho vestibulu a ETJ. V poklesové kotlin€ se na-
chazi rada objektti nadzemni zastavby. Ve vychodni ¢asti pokleso-
vé zény v ulici Na StrZi je to 19 objektd nadzemni zastavby ozna-
¢enych 13.B3, 13.B6, 13.B7, 13.B16 a7z 13.B20, 13.B27 a7z 13.B33
a 13.B42 a7 13.B45. Jednd se o zdéné budovy se dvéma ¢i tifemi
nadzemnimi podlaZimi a sedlovymi stifechami s dfevénym krovem.
Budovy jsou plné nebo castecné podsklepené a slouzi predevsim
pro tcely bydleni a ¢astecné jako komercni provozovny. V zapadni
¢asti poklesové kotliny je situovano 11 objektti nadzemni zastavby
oznacenych 13.B22 a7z 13.B25 a 13.B35 az 13.B41. Domy 13.B22
az 13.B24 jsou zdéné a slouzi k bydleni a ke komer¢nim aktivitam.
Budova 13.B22 ma tfi nadzemni podlazi a technicky suterén a jeji
stiecha je sedlova s dfevénym krovem. Objekt 13.B23 ma pét nad-
zemnich podlaZi a technicky suterén a stfecha je plocha s pochozi
hydroizolaci. Dim 13.B24 m4 ¢tyfi nadzemni podlaZi a technicky

zdroj Krtek D monitoring source Krtek D monitoring

21m and was not used for measurements since January 2024. INKL
350 recorded the maximum horizontal deformation at the level of
the top heading, namely 4mm in the western direction (towards
the LST). INKL 354 reacted minimally to the passage of the top
heading. The horizontal deformation only increased by approx. 2mm
after the passage of abutment bench excavation. As of 5.11.2024, the
horizontal deformation at the level of the PST excavation was 4mm
in the eastern direction (toward the PST cut).

In order to monitor the groundwater level regime (hereinafter
referred to as HPV), six hydrogeological boreholes marked
HG 125 and HG 355 to HG 359 were installed in the area of the
Olbrachtova station before excavations began. Their location can
be seen in Fig. 2. In the wells HG 125, HG 355, HG 357 and HG
358, only insignificant changes occurred during construction, so the
influence of the construction was not manifested here. The situation
was different for the well HG 356, which is located on the border
of SOD12 and SOD13 (see Fig. 2). Sequential excavation of PST
(top heading and invert bench) passed by this well in July 2023,
which corresponds to the behavior of HPV — see Fig. 6. It can be
seen from the Figure that in the period from July 2023 to December
2023, there was a continuous decrease in HPV here, as a reaction to
excavation (decrease of approx. 3m). The PST belonging to SOD 12,
which in the north follows the PST of the SOD 13, was excavated
in technology class 5a. For this class, ground strengthening and
groundwater sealing chemical grouting were not applied along
the top perimeter of the face and in the face, so that groundwater
penetrated into the tunnel more easily. In contrast, along the entire
length of SOD13, the excavations were protected by grouting, which
prevented tunneling-induced lowering of HPV in SOD13. A slight
impact on HPV was still detected in the borehole HG 359, due to
the excavation of the open pit of the northern vestibule. Here, after
deepening the pit to the final level, the HPV dropped by about 30cm.
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suterén a stfecha je rovnéz plocha s pochozi hydroizolaci. Objekt
13.B25 mé pét nadzemnich podlaZi a neni podsklepen. V jeho pfi-
zemi se nachdzi restaurace a zbytek objektu slouzi jako zdzemi
firmy UAMK. Hlavni nosné konstrukce je tvofena montovanym
Zelezobetonovym sloupovym skeletem. Stfecha je plocha s pocho-
zi hydroizolaci. Budovy 13.B35 aZ 13.B41 v ulici Kovafovicova
jsou obytné panelové domy. Domy 13.B35 a 13.B36 maji Ctyfi
nadzemni podlazi a suterén. Objekty 13.B37 az 13.B41 maji osm
nadzemnich podlaZi a technicky suterén.

Vsechny vySe popsané budovy byly nivela¢né, pfipadné i trigo-
nometricky sledovédny a jejich seddni zatim, s vyjimkou objektl
13.B37 aZz 13.B41, probihala pfizniv€, pod statikem stanovenymi
kritérii VS, se sedanim do 10 mm. Ponékud odliSny vyvoj sedani
pozorovany na objektech 13.B37 az 13.B41 je popsan v kapitole
,,Monitoring komplexu bytovych domli Kovarovicova®. Stanove-
ni limitnich deformaci (VS) vychézi z hodnot uvedenych v CSN
EN 1997-1 s pfihlédnutim autora statického posudku ke stafi a sta-
vu dané budovy zdokumentovaném v pasportu.

Mimo objekti nadzemni zastavby byl nivelacné sledovan i vyvoj
deformaci povrchu v poklesové kotling. Pfed zahajenim stavebnich
praci byly na terénu stabilizovany geodetické body, usporadané
v pricnych a podélnych profilech tak, aby pokryly celou $ifku po-
klesové zony predpokladané projektem. Rozmisténi nivelacnich
profili oznacenych NIT je patrné z obr. 2. Hodnoty naméfenych
poklest se pohybovaly do 19 mm. Na vétsSiné nivelacnich profilt
byla nastavena hodnota prvniho VS na 19 mm, takZe k prekroceni
kritérii VS nedoslo.

Na nivelanich bodech nad podzemnimi inZenyrskymi sit€émi
(stoka, teplovod, raZené prelozky kanalizaci) ¢i v blizkosti vysko-
vych objektt nadzemni zastavby (13.B37 az 13.B41) byla kritéria
VS nastavena statikem piisnéji a hodnota prvniho VS byla prekro-
¢ena u nivela¢nich potfadt NIT 187 a NIT 188.
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Buildings monitoring

The tunnels of the Olbrachtova station follow an approximately
north-south direction. From the north, the route firstin a short distance
(approx. 18m) approaches Jeremenkova Street in a perpendicular
direction and then continues south (approx. 39m) and approaches Na
Strzi Street at a sharp angle (see Fig. 2). Further south from the end of
the station tunnels (from km 43,189,666 LST), the urban development
is affected by the open pit of the southern vestibule and the ETJ.
There are a number of buildings in the ground settlement zone. In
the eastern part of the settlement zone at Na Strzi Street, there are 19
buildings marked 13.B3, 13.B6, 13.B7, 13.B16 to 13.B20, 13.B27 to
13.B33 and 13.B42 to 13. B45. These are brick buildings with two or
three floors and gable roofs with wooden trusses. The buildings have
full or partial basements and serve primarily for residential purposes
and partially as commercial establishments. In the western part of
the ground settlement zone, there are 11 buildings marked 13.B22 to
13.B25 and 13.B35 to 13.B41. Buildings 13.B22 to 13.B24 are brick
walled and are used for living and commercial activities.

Building 13.B22 has three floors and a technical basement, and it
has gable roof with a wooden truss. Building 13.B23 has five floors
above ground and a technical basement, and the roof is flat with
walkable waterproofing. House 13.B24 has four above-ground floors
and a technical basement, and the roof is also flat with walkable
waterproofing. Building 13.B25 has five floors above ground and no
basement. There is a restaurant on the ground floor, and the rest of
the building serves as a facility for the UAMK company. The main
supporting structure consists of a prefabricated steel reinforced
concrete column frame. The roof is flat with walkable waterproofing.
Buildings 13.B35 to 13.B41 in Kovarovicova street are residential
panel houses. Houses 13.B35 and 13.B36 have four above-ground
floors and a basement. Buildings 13.B37 to 13.B41 have eight floors
and a technical basement.

All the buildings described above were surveyed by levelling and
possibly also trigonometrically monitored and their settlement was

sedani_settlement
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Obr. 7 Vyvoj seddni nivelacniho profilu na terénu NIT 187
Fig. 7 Settlement of terrain levelling point in the NIT 187 profile

zdroj Krtek D monitoring source Krtek D monitoring
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Pricny profil NIT 187 reagoval na prichod kaloty i dna LST
i PST plizivymi setrvalymi poklesy, které se nicméné v pribéhu
listopadu 2023 ustalily a nadale nenaristaji. VyS$8i hodnoty sedani
naméfené na profilu NIT 187 jsou pravdépodobné rovnéz zpiso-
beny zaklesnutim HPV vlivem raZzeb tunelu SOD 12 — bliZe viz
kapitola ,,Monitoring horninového prostiedi* hydrovrt HG 356. Ke
konci zafi 2024 zde bylo maximalni sedani 14,2 mm, a byl ptekro-
¢en 1. VS (s nastavenou hodnotou 11,3 mm). Vyvoj sedani profilu
NIT 187 je prezentovan na obr. 7. Pod timto profilem bude od led-
na 2025 raZen stiedni technologicky tunel, takZe 1ze predpokladat
dalsi narast sedani.

Profil NIT 188, situovany podél vychodni stény domi Kovaro-
vicova (13.B37 az 13.B41), byl a je sledovan vzhledem k vystavbé
PST, Sachty pro stavbu stanice, propojky sever, ETS a budouci-
ho tunelu TGT. Probéhly zde, po vycCerpani deformacnich limita
objekti Kovarovicova, tfi rozsahlé série kompenzacnich injektazi
(prvni v listopadu, druha v prosinci 2023 a posledni nejvétsi v brez-
nu 2024). Prvni dvé série kompenzaci byly provedeny z propoj-
ky sever a z PST. Diky tomu se seddni objektu zménilo na jeho
zdvih, mimo VS. Po ukonceni druhé série injektazi (prosinec 2023
az brezen 2024) se opét projevil vliv tunelovani a body profilu NIT
188 znovu pliZive a setrvale sedaly. Na objektech Kovarovicova byl
prekrocen 1. VS (stanoveny pro sedéni). Proto bylo pfistoupeno ke
tfeti, nejmasivnéjsi sérii kompenzacnich injektazi, ktera probéhla
z PST v bfeznu 2024. Doslo k nadzvednuti profilu o nékolik mm
(nejvice u bodu 04, s narGstem o +9,9 mm). Po zdvihu dosaze-
ném ke 14. 3. 2024 byly v obdobi bfezen aZ cervenec 2024 zazna-
mendny pozvolné poklesy dosedédni terénu. V srpnu aZ listopadu
2024 doslo k ustéleni deformaci az k mirnému zdvihu jednotlivych
bodu. Vyvoj sedéani profilu NIT 188 je prezentovan na obr. 8. Do-
znivani deformaci bylo oc¢ekdvané, ponévadz posledni razby v této
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so far, with the exception of objects 13.B37 to 13.B41, minimal
under the VS levels set by the structural engineer, with settlements up
to 10mm. The somewhat different settlement development observed
on objects 13.B37 to 13.B41 is described in the chapter “Monitoring
of the Kovarovicova apartment building complex”. Determination
of limit deformations (VS) is based on the values specified in CSN
EN 1997-1, and takes into account the age and condition of the
given building documented in the survey by the author of the static
assessment.

In addition to the surface buildings, the development of terrain
deformations in the ground settlement zone was also monitored
by levelling. Before the start of construction work, geodetic points
were installed in the terrain, arranged in transverse and longitudinal
profiles so as to cover the entire width of the settlement zone assumed
by the project. The distribution of the levelling profiles marked NIT
can be seen in Fig. 2. The values of the measured settlements ranged
up to 19mm. On most levelling profiles, the value of the first VS was
set to 19mm, so that the VS levels were not exceeded.

At the levelling points above the underground utility networks
(sewer, heat pipe, underground excavated relocations of sewers) or in
the vicinity of high-rise buildings (13.B37 to 13.B41), the VS levels
were set more strictly by the structural engineer and the value of the
first VS level was exceeded in the NIT 187 and NIT 188.

The transverse profile of NIT 187 responded to the passage of the
top heading and invert of both LST and PST with creeping persistent
settlements, which, however, stabilized during November 2023 and
do not continue to increase. The higher settlement values measured
on the NIT 187 profile are probably also caused by the subsidence
of the HPV due to the excavations of the SOD 12 tunnel — for more
details, see chapter 1.2 borehole HG 356. At the end of September
2024, the maximum settlement here was 14.2mm, and the 1 VS

# sedani_settlement

legenda: legend:
[ 1801 [N 18302 [N 188-03
188-04 [ 188-05 [N 188-06
I <1125 mm_spz [ <-15_mm_SMP
B <-18.75_mm_KS
poznamka: note:

27.-29.11.,18.-19.12.2023 a 08.-14.03.2024
kompenzacni injektaze (Strabag)-(u niv. bodd

€. 06-04

30.11.,05.12.,09.12. 2 13.12.2023, a ddle 05.01.,
08.01.,12.01.,20.01., 25.01., 30.01., 01.02,,

05.02, 17.02., 20.02., 24.02. a 08.-14.03.2024
kompenzacni injektaze (Hochtief)-(u niv. bodd

€. 04-01)

27.-29.11,,18.-19.12.2023 and 08.-14.03.2024
compensation grouting (Strabag)-(at levelling points

[mm] [mm]

no. 06-04)

30.11.,05.12,, 09.12. and 13.12.2023, 05.01.,
08.01.,12.01.,, 20.01., 25.01,, 30.01., 01.02,,

05.02, 17.02., 20.02., 24.02. and 08.-14.03.2024
compensation grouting (Hochtief)-(at levelling points
no. ¢. 04-01)
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datum méfeni date of measurement

zdroj Krtek D monitoring source Krtek D monitoring

Obr. 8 Vyvoj seddni nivelacniho profilu na terénu NIT 188, Cerveny iisek oznacuje obdobi raZeb propojky sever od Sachty smérem k PST; modry iisek oznacuje
obdobi razeb PST severné od propojky sever okolo objektit 13.B39 aZ 13.B41; fialovy iisek oznacuje obdobi raZeb PST jizné od propojky sever okolo objektu 13.B37
Fig. 8 Development of the terrain levelling point in the NIT 188, red section indicates the excavation period of the north crosspassage from the shaft towards the
PST; the blue section indicates the PST excavation period north of the north crosspassage around the objects 13.B39 till 13.B41; the purple section indicates the

PST excavation period south of the north crosspassage around the object 13.B37
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oblasti byly ukonceny prorazkou opéfi PST jiz zacitkem dubna
2024. Lze predpokladat, Ze tento dulezity profil vychodné od domu
Kovarovicova bude ovlivnén razbami ETS, zahdjenymi 27. 9. 2024
arazbami TGT (SO 13-20), které budou zahajeny v lednu 2025.

Vyssi hodnoty sedani (bez prekroceni VS) byly déle naméreny
na profilech NIT 168 (podélny nad propojkou sever, pficny vzhle-
dem k LST a PST) a NIT 169 (pficny nad LST a PST jizné od
propojky sever). Pod obéma profily jiz vSechny dil¢i vyruby LST
i PST prosly a je tudiz predpoklad, Ze k dal§imu nardstu sedani jiz
nedojde. Na profilu NIT 168 na bodu 04 (bod na EXT 342 — kiize-
ni LST a propojky sever) bylo seddni 18,1 mm, ¢imZ byl u tohoto
profilu témér dosazen 1. VS stanoveny na 18,8 mm. Na profilu NIT
169 bylo naméfeno maximalni sedani 15,6 mm na bodu 03, ktery
je uprostied mezi LST a PST.

Na zakladé stiZznosti obyvatele domu 13.B39 je od 14.9.2023 pro-
vadén kontinudlni monitoring hlukové zatéZe ze stavebni ¢innosti
produkované ze zafizeni stavenist€¢ OL2 (staveniSté u Sachty pro
vystavbu stanice) pravé na ojektu 13.B39 ve 4. NP. Vystupy z na-
méfenych hodnot ekvivalentni hladiny akustického tlaku A LAeq,T
jsou prezentovany po hodinach a vyhodnocovany vici hygienic-
kym limitim pro prvni ranni hodinu (6.00-7.00), 14 dennich hodin
(7.00-21.00), prvni vecerni hodinu (21.00-22.00) a osm noc¢nich
hodin (22.00-6.00) bez vylou€eni nahodilych udélosti a udalosti,
které nejsou predmétem méfeni a bez zohlednéni meteorologic-
kych vlivi, ale se zapoctenim korekce na odraz a s odectenim ne-
jistoty méfeni. Jedna se tedy o hodnoty celkové akustické situace,
nikoli pouze stavby, byt je tato dominantnim zdrojem hluku v misté
méfeni (méfi se v jeji t€sné blizkosti). Po dohod€ poskytovatele
GTM, zhotovitele stavby a objednatele data v této podobé slouzi
k okamZitému prehledu hlukové zatézZe v této oblasti. K hodnoceni
s ocisténim od zdroji hluku nesouvisejicich se stavbou by doslo
pouze v pripade stiznosti nékoho z obyvatelil v této lokalité na po-
kyn objednatele.

Monitoring stavebnich jam (Vestibul sever, Vestibul jih)

Vramci SOD13byly vybudovany dvé stavebni jamy oznacené jako
Vestibul sever a Vestibul jih. Stény stavebnich jam byly sledovany
soustavou trigonometrickych bodi a dynamometrti. Dynamometry
(magnetoelastické a odporové) byly na danou kotvu instalovany
vzdy v kombinaci s trigonometrickym bodem. Je tak moZno v pii-
padé poklesu ¢i nartstu kotevni sily zjistit, zda jsou tyto zmény
doprovazeny deformaci stény ¢i zda piipadny tbytek kotevni sily
s absenci pohybu hlavy kotvy neindikuje prokluz kofene kotvy.
Dale byly do vybranych pilot osazeny inklinometrické paZnice
pro méfeni horizontalnich deformaci. Na jamé Vestibul sever bylo
po obvodé instalovdno 35 trigonometrickych bodd, 23 dynamo-
metrtl a 4 inklinometry. K vyraznéjSim deformacim ¢i zménam
kotevnich sil béhem hloubeni a nasledné razbé ETS z jizni stény
nedoslo.

Na jamé Vestibul jih bylo po obvodé osazeno 35 trigonomet-
rickych bodt, 23 dynamometrd a 9 inklinometri. Doslo zde pfi
napinani kotev v severni sténé¢ STO5 k prokluzu kofent Ctyr Ctyi-
pramencovych kotev 2. kotevni drovné (+262,5 m n. m.), jedna
se o krajni (zapadni) kotvy této stény. ProtoZe zde byly zastiZzeny
zhorSené inZenyrskogeologické poméry v podobé tektonicky po-
stizenych bridlic tfidy pevnosti RS az R6 s vyrony podzemni vody,
tak nebylo moZno napnout tyto kotvy na poZadovanou kotevni silu
(obr. 9). Soucasné byl na dynamometru D12 zaznamenén ubytek
kotevni sily jiz kratce po napnuti o vice jak 20 % (obr. 10) se sou-
¢asnym pohybem hlavy kotvy o cca 5 mm smérem do jamy. Lze
proto usoudit, Ze u této kotvy doslo k proklouznuti (povoleni) kote-
ne. Proto byla v tomto misté sténa dodate¢né dokotvena 4 ks kotev

Tuel

was exceeded (value of 11.3mm). The development of the settlement
of the NIT 187 profile is presented in Fig. 7. Under this profile,
a middle technological tunnel will be excavated from January 2025,
so a further increase in settlement can be assumed.

Profile NIT 188, situated along the eastern wall of Kovarovicova
houses (13.B37 to 13.B41), was and is being monitored due to the
construction of the PST, the shaft for the construction of the station,
the north cross-passage, the ETS and the future TGT tunnel. After
exceeding the deformation limits of the Kovarovicova objects, three
extensive series of compensation grouting took place here (the
first in November, the second in December 2023 and the last and
the largest in March 2024). The first two series of compensation
grouting were done from the north cross-passage and from the PST.
Thanks to this, the object’s downward settlement reversed to upward
movement, not controlled by VS. After the second series of grouting
(December 2023 to March 2024), the impact of tunneling was again
manifested and the points of the NIT 188 profile again crept and
continuously settled. The Kovarovicova buildings exceeded the 1%
VS (established for settlement). Therefore, the third most massive
series of compensation grouting was undertaken, which took place
from inside the PST in March 2024. The profile moved upward by
several mm (the most at point 04, with an increase of +9.9mm).

After the uplift achieved on 14.03.2024, gradual decrease in ground
settlements was recorded in the period from March to July 2024. In
August to November 2024, the settlement reversed to a slight uplift
of individual points. The development of the settlement of the NIT
188 profile is presented in Fig. 8. The fading of the settlements was
expected, since the last excavations in this area were completed by
the breakthrough of the PST abutment bench already at the beginning
of April 2024. It can be assumed that this important profile east of the
Kovarovicova house will be affected by the ETS excavations, started
on 27.09.2024, and the TGT excavations (SO 13-20), which will be
launched in January 2025.

Higher subsidence values (without exceeding VS) were further
measured on profiles NIT 168 (longitudinal profile over the north
cross-passage, transverse to LST and PST) and NIT 169 (transverse
over LST and PST south of the north cross-passage). Under both
profiles, all LST and PST sequential excavations have already been
completed, and it is therefore assumed that there will be no further
increase in settlement. In the NIT 168 profile at point no. 04 (point
of EXT 342 — crossing of LST and the north cross-passage) the
settlement was 18.1mm, almost reaching the 1 VS set at 18.8mm.
In profile NIT 169, a maximum settlement of 15.6mm was measured
at point no. 03, which is middle between LST and PST.

On the basis of a complaint by a resident of building 13.B39, from
14.09.2023, continuous monitoring of the noise from construction
activities produced from the equipment of the construction site OL2
(construction site near the shaft for the construction of the station) is
carried out precisely on the object 13.B39 in the 4" NP. The measured
values of the equivalent sound pressure level A LAeq,T are presented
hourly and evaluated against the hygiene limits for the first hour in the
morning (6.00-7.00), 14 daytime hours (7.00-21.00), the first evening
hour (21.00-22.00) and eight night hours (10 p.m.—6 a.m.) excluding
random events and events that are not the subject of measurement
and without taking meteorological effects into account, including the
reflection correction and subtracting the measurement uncertainty.
These are therefore the values of the overall acoustic situation, not just
the construction, even though it is the dominant source of noise at the
measurement location (measured near it). According to the agreement
of the GTM provider, the building contractor and the client, the data
in this form is used for an immediate overview of the noise in this
area. An assessment with screening-out the noise sources unrelated
to the construction would only take place in the event of a complaint
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from one of the residents in this locality and based

. L . . on the instructions of the client.
o P61-62/2 trigonometrické body trigonometric points
(O D12(K5/ll)  dynamometry dynamometers Monitoring of construction pits (North
IN52DL.9.2m inklinometry inclinometers Vestibule, South Vestibule)

As part of SODI13, two construction pits were
built, designated Vestibule North and Vestibule
South. The walls of the construction pits were
monitored by a system of trigonometric points and
/ \ = dynamometers. Dynamometers (magnetoelastic

and resistive) were always installed on a given
: anchor in combination with a trigonometric point. It
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Obr. 9 Pohled na severni sténu jamy Vestibul jih pit. Here, during the tensioning of the anchors
Fig. 9 View of the north wall of the South Vestibul pit in the northern wall of STOS, four of the four-

strand anchors of the 2" anchor level (+262.5m
cca o 1 m niZe pod ptivodnimi kotvami (obr. 9), s doplnénim 2 ks above sea level) slipped, these are the outer (western) anchors of
dynamometrt D26 a D27. Pfidané kotvy mély kofen o 1 m del§i | this wall. Since deteriorated engineering geological conditions were
a byly vice uklonéné vuci horizontdle se zamérem upnuti kofene encountered here in the form of tectonically disturbed clayshales

oL i pfiristek od zarucené kotevni sily increment of nominal anchor force

legenda: legend:
D12 (K5/1) I +/-20_%_ SPZ (min)
I +/-_20_%__SPZ (max)
Il +/-_35_%__SMP (min)
I /- _35.%_SMP (max)
I +/-_50_%KS (min)
I +/-_50_% KS (max)
pozndmka: note:

26.-28.01.2024 provadény tlakové injektaze
mikropilotového destniku eskalatorového tunelu jih
26.-28.01.2024 carried out pressure injections of
the micro-pile umbrella of the south escalator tunnel

[mm] [mm]

zdroj Krtek D monitoring source Krtek D monitoring
Obr. 10 Vyvoj kotevni sily na dynamometru D12
Fig. 10 Development of the anchor force in the D12 dynamometer
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do kvalitnéjsi horniny. Na dynamometrech D26, D27 jiZ nebyly
pozorovany vyznamné zmény kotevnich sil.

MONITORING KOMPLEXU BYTOVYCH DOMU
KOVAROVICOVA

V soucasné dobé se na objektech bytového domu (dale BD) Ko-
vafovicova provadi fada méfeni, slouZicich ke komplexnimu hod-
noceni dopadud razeb této etapy metra D. Objekty jsou sledovany
nivelaci zakladd (vné i uvnitf objekti, celkem 80 bodi), trigono-
metricky (6 bodl), a ddle pomoci deformometrt (106 ks) a tiltme-
trd (tj. naklonomérd — 223 ks) bézicich v automatickém rezZimu
pomoci ASD cidel (tj. ¢idel s automatickym sbérem dat). Nivelacni
body jsou situovany do tfech podélnych (vzhledem k stani¢nim
tuneliim i budové) profilt oznacenych vychodni profil (16 bodi),
profil stfed (5 bodit) a zépadni profil (11 bodi) a do Sestnécti pric-
nych tfibodovych profilid. Zapadni a vychodni profily jsou umis-
tény do zakladd budovy v exteriéru. Profil stfed a pfi¢né profily
jsou instalovany do zakladd budovy v interiéru v suterénu objektu
Kovarovicova. V blizkosti BD se sleduji poklesy terénu ve dvou
pricnych (NIT 169 a NIT 159) a jednom podélném profilu (NIT
188), ktery byl popsan jiZ v kapitole ,,Monitoring na povrchu®. Pro
kontrolu sedéni v podzakladi BD byl 7,3 m pod terénem, ze severni
propojky, instalovan i subhorizontdlni inklinovrt (HINK-1) dlouhy
37,5 m s uklonem 5° (instrumentace okoli BD Kovarovicova viz
obr. 11).

Jedné se o objemnou instrumentaci, instalovanou s ohledem na
citlivy charakter objekti (obytné, vysoké panelové domy z roku
1970, s jednim podzemnim a osmi nadzemnimi podlazimi), navic
jiz z velké ¢asti s vyCerpanou deformacni odolnosti od doby vystav-
by. Z vysledkt sledovani zakladd je patrné, Ze deformace byly po
celou dobu v pfiznivych hodnotéch a k ovlivnéni objektti BD Kova-
fovicova i pfes velmi nizké hodnoty povolenych deformacnich limi-
th sedani (hodnota A = 10 mm) nedoslo. Na nékolika bodech na vy-
chodni strané budovy vSak byl pfekrocen 1. VS (7,5 mm). Aby byly
deformace udrZeny pod stanovenou limitni hodnotou A = 10 mm,
bylo tfeba v pribéhu vystavby aplikovat kompenzacni injektdze.
Deformacni chovani vychodniho profilu BD Kovafovicova, v¢.
Castt kompenzacnich injektdZi je znidzornéno na obr. 12. Kromé
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of strength class R5 to R6 with groundwater seepage, it was not
possible to tighten these anchors to the required anchor force (Fig.
9). At the same time, a drop in the anchor force was recorded on
the D12 dynamometer already shortly after tensioning by more than
20% (Fig. 10) with a simultaneous movement of the anchor head by
approx. Smm towards the pit. It can therefore be concluded that the
anchor has slipped. Therefore, at this point, the wall was additionally
anchored with four anchors approx. Im below the original anchors
(Fig. 9), with the addition of two dynamometers D26 and D27. The
added anchors had the bonded length by 1m longer and were more
inclined from the horizontal plane with intention of bonding the
anchor in better quality rock. Significant changes in anchor forces
were no longer observed on dynamometers D26, D27.

MONITORING OF THE KOVAROVICOVA APARTMENT
COMPLEX

Currently, a number of measurements are being carried out on
the Kovarovicova apartment building (hereafter BD), which serve
to assessing comprehensively the impact of the excavations of this
phase of the D metro line. The objects are monitored by levelling
the foundations (outside and inside the building, a total of 80
points), trigonometrically (6 points), and further using strain gauges
(106 pcs) and tiltmeters (i.e. inclinometers — 223 pcs) running in
automatic mode using ASD sensors (i.e. sensors with automatic
data collection). The levelling points are positioned to form three
longitudinal (with respect to the station tunnels and the building)
profiles marked eastern profile (16 points), central profile (5 points)
and western profile (11 points) and sixteen transverse three-
point profiles. The western and eastern profiles are placed in the
foundations of the building in the exterior. The central profile and
transverse profiles are installed in the foundation of the building
in the interior in the basement of the Kovarfovicova building. In
the vicinity of the BD, terrain settlements are observed in two
transverse (NIT 169 and NIT 159) and one longitudinal profile
(NIT 188), which was already described in chapter “Buildings
monitoring”. To check the settlements in the sub-base of the BD,
a subhorizontal inclined borehole (HINK-1) 37.5m long with an
inclination of 5° was also installed 7.3m below the ground, from the
north cross-passage (see Fig. 11 for the instrumentation around the

Kovarovicova BD).
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It is a large amount of instrumentation, installed
with regard to the sensitivity of the objects
(residential, high-rise panel houses from 1970, with
one underground and eight above-ground floors),
moreover, with largely exhausted deformation
resilience since the time of construction. From the
results of the monitoring of the foundations, it can
be seen that the deformations were at safe values all
the time and that the objects of BD Kovarovicova
were not affected, despite the very low values of the
permitted deformation limits of settlement (value
A=10mm). However, the 1% VS (7.5mm) was
exceeded at several points on the east side of the
building. In order to keep the deformations below
the specified limit value of A=10mm, compensation
grouting had to be applied during construction.
Deformation behavior of the eastern profile of
BD Kovarovicova, incl. periods of compensation
grouting is shown in Fig. 12.

In addition to the mentioned three extensive
stages of compensation grouting (see chap.

zépadni profil
west profile

middle profile

zdroj Krtek D monitoring / ISM SIISEL source Krtek D monitoring / ISM SIISEL

Obr. 11 Situace GTM kolem BD Kovarovicova
Fig. 11 GTM plan view around BD Kovarovicova

“Buildings monitoring”), in the period between

12/2023 and 03/2024, ongoing compensation
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sedani settlement

legenda: legend:
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27.-29.11.,18.-19.12.2023 and 08.-14.03.2024
compensation grouting (Strabag)

30.11.,05.12,, 09.12,, 13.12,, 05.01., 08.01., 12.01.,
20.01.,25.01., 30.01., 01.02,, 05.02, 17.02., 20.02.,
24.02. and 08.-14.03.2024 compensation grouting
(Hochtief)

datum méfeni date of measurement

zdroj Krtek D monitoring source Krtek D monitoring

Obr. 12 Vyvoj seddni vychodniho profilu na objektech 13.B37-41, Cerveny tisek oznacuje obdobi razeb propojky sever od Sachty smérem k PST, modry tisek oznacuje
obdobi razeb PST severné od propojky sever na objektech 13.B39 az 13.B41, fialovy iisek oznacuje obdobi raZeb PST jizné od propojky sever okolo objektu 13.B37
Fig. 12 Development of the settlement in the eastern profile of the objects 13.B37-41, red section indicates the excavation period of the north crosspassage from
the shaft towards the PST, the blue section indicates the PST excavation period north of the north crosspassage around the objects 13.B39 till 13.B41, the purple
section indicates the PST excavation period south of the north crosspassage around the object 13.B37

zminénych tif velkych etap kompenzacnich injektdZi (viz kap.
»Monitoring na povrchu®) se v obdobi mezi 12/2023 az 03/2024
realizovaly pod objekty 13.B41 az 13.B39 i pribéZzné kompenzacni
injektaZe v mensSim rozsahu v pfedem danych postupech razby PST.
Vysledky nivelacnich méfeni po ukonceni jednotlivych fazi injek-
tazi témer vzdy indikovaly zlepSeni deformacniho vyvoje, pficemz
dochézelo ke sniZovéani deformaci (tj. ke zdvihu a zmenSovani ne-
rovnomérného sedani objektil), ovSem postupné s Casem a pokra-
Cujici razbou stani¢nich tunell bylo logicky zaznamendvano dalsi
sedani. Tento trend 1ze oc¢ekavat azZ do ukonceni celého podzemniho
dila v blizkosti BD Kovarovicova, tj. se vSemi stavebnimi objekty,
a v minimdlnich dozvucich i jisty ¢as po samotné realizaci.

Pro sledovani nerovnomérného sedani mezi definovanymi body
konstrukce predevsim zdkladovych a nosnych casti objektd BD
Kovarovicova v obdobi mezi jednotlivymi etapami geodetického
méfeni slouZi nastroj/vypocet tzv. poklesové linie pomoci nainsta-
lovanych automatickych ndklonomért. Tato pomiicka slouZi pro
sledovéni, porovnavani a validace s vysledky geodetickych méte-
ni, véetné prezentace formou animovanych grafii a je k dispozici
Ucastnikiim vystavby, ktefi jsou zodpoveédni za bezpecné provade-
ni razeb ovliviiujicich objekty. Pfi zasadnich ¢innostech v podzemi
lze diky tomuto ndstroji v redlném Case sledovat piipadné naklanég-
ni/deformace v objektech BD v jednotlivych pri¢nych ¢i podélnych
profilech.

V disledku nizké statické odolnosti objekti (vystavba z konce
60. let 20. stoleti) a jejich statickému systému (kloubové spojené
nosné konstrukce po jednotlivych patrech), je vyhodné tento objekt
sledovat pomoci ASD ¢idel. Vzhledem k velkému poctu naklono-
meért a velké Cetnosti odectll se vysledky vyhodnocuji statisticky,
tzn. napt. se vyCisluje na kolika ¢idlech bylo dosazeno daného VS.

grouting on a smaller scale were also carried out under objects 13.B41
to 13.B39 during PST excavation procedures. The results of levelling
measurements after the end of the individual grouting stages almost
always indicated an improvement in the deformation development,
while the deformations were reduced (i.e. the lifting and reduction of
the differential settlements of building), but gradually with time and
the continued excavation of the station tunnels, further settlements
were recorded. This trend can be expected until the completion of the
entire underground work near BD Kovarovicova, i.e. with all building
objects, and with minimal residual settlements even for a certain time
after the actual construction.

Calculation of settlement trough using automatic inclinometers is
used to monitor the residual settlement between the defined points
of the structure, especially of the foundation and supporting parts
of BD Kovarovicova objects in the period between the individual
stages of the geodetic measurement. This tool serves for monitoring,
comparison and validation with the results of geodetic measurements,
including presentation in the form of animated graphs, and is
available to construction participants who are responsible for the
safe execution of excavations which have impact on the surrounding
buildings. During main underground works, thanks to the calculation,
possible tilting/deformations in BD objects can be monitored in real
time in individual transverse or longitudinal profiles.

Due to the low static resilience of the objects (construction from the
late 60s of the 20™ century) and their static scheme (pinned structures
of individual floors), it is advantageous to monitor this object using
ASD sensors. Due to the large number of inclinometers and the high
frequency of readings, the results are evaluated statistically, i.e. e.g.
it is calculated on how many sensors the given VS was achieved.
Tiltmeters and deformometers measure the local (i.e. only for the
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Tiltmetry a deformometry méfi lokélni (tj. jen u dané konstrukce,
kde je méfidlo osazeno) pusobeni podzemni stavby. V disledku
odectu/intervalu méfeni a 1 hodina je moZné na objektu zachytit
i reakci konstrukce na ovlivnéni vnéj$im prostiedim (teplota, vitr
apod.).
ZAVER

Prevazna Cast tuneldt SOD13 (stanice Olbrachtova) byla ke konci
fijna 2024 vyraZena. Na zaklad€ vysledkdi monitoringu lze kon-
statovat, zZe se deformacni chovéani primarniho osténi, povrchu
terénu a nadzemni zédstavby v poklesové kotliné podatilo udrzet
v projektem nastavenych mezich. Limity pro sedani objektd povr-
chové zastavby byly statikem stanoveny relativné konzervativné,
nejprisnéjsi VS vertikalni deformace byl nastaven pro komplex by-
tovych domit Kovarovicova, kde ¢inil limit sedani pouhych 10 mm.
S ohledem na povrchovou zéstavbu bylo proto tfeba razit Setrné bez
pfipusténi vyraznéjSich deformaci. Primdrni osténi tunelil bylo sil-
né dimenzované v¢. pouziti injektdZi, jednotlivé zadbéry raZeb byly
kratké, vétSinou s délkou do 1 m a u vétsich profilti byl vyrub cle-
nén horizontdlné i vertikdlné. Objekty bytového domu Kovarovi-
cova musely byt navic v prib&hu vystavby nekolikrat rektifikovany
(nadzvednuty zpét mimo VS sedani) s vyuZitim kompenzacnich in-
jektazi. Tato opatieni vyrazné zpomalovala stavebni postupy, pri-
mérné rychlosti razeb Cinily méné nez 1 m/den. To je tedy vyrazné
pomalejsi postup nez u tunell raZzenych konvencné v extravilanu,
kde se bézn¢ dosahuje rychlosti okolo 100 m vyrazeného tunelu
za meésic.

Tomu, Ze byly deformace povrchu nizké, svéd¢i i pfiznivé vy-
sledky z analyzy objemové ztraty, které prokazuji, Ze velikost obje-
mové ztraty pro nivelacni profily jsou pod hodnotou 1 %, coz je pro
konvencni tunelovani velmi ptiznivy vysledek. Objemova ztrita do
1 % by méla mit zanedbatelny vliv na povrchovou zastavbu a vznik
pripadnych Skod. Vypocet objemové ztraty byl proveden za pomo-
ci software GEOS, modul Vyrub, na nivelac¢nich profilech NIT 169
a NIT 187, na kterych se dosahlo vyznamnéjsich deformaci.
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given structure where the gauge is installed) impact of the underground
excavation. As a result of the reading/measurement interval of 1 hour,
itis also possible to capture the reaction of the structure to the external
environment (temperature, wind, etc.) on the object.

CONCLUSION

The majority of the SOD13 tunnels (Olbrachtova station) were
excavated by the end of October 2024. Based on the results of the
monitoring, it can be stated that the deformation behavior of the
primary lining, the ground surface and the buildings in the ground
settlement zone managed to be kept within the limits set by the
project. The settlement limits of the buildings were set relatively
conservatively by the structural engineer, the most conservative
VS of vertical deformation was set for the Kovarovicova apartment
building complex, where the settlement limit was only 10mm.
With regard to the buildings, it was therefore necessary to drive
tunnels with caution without significant deformations. The primary
lining of the tunnels was conservatively reinforced incl. the use
of grouting, the individual sections of excavations were short,
mostly up to 1m in length, and in the case of larger profiles, the
excavation face was divided horizontally in benches and vertically
in side drifts. In addition, the objects of the Kovatfovicova apartment
building had to be rectified several times during construction (lifted
to accommodate the settlement VS) using compensation grouting.
These measures significantly slowed down the construction
progress, the average excavation speed was less than 1m/day. This is
therefore a significantly slower progress than for tunnels excavated
conventionally in greenfield, where a speed of around 100m per
month of tunnel excavation is normally reached.

The fact that the surface deformations were low is also evidenced
by the favorable results from the volume loss analysis, which shows
that the volume loss from the levelling profiles is below 1%, which
is a very favorable result for conventional tunneling. A volume loss
of up to 1% should have a negligible effect on the buildings in terms
of possible damage. The calculation of volume loss was carried out
using the GEOS software with Excavation Code, on levelling profiles
NIT 169 and NIT 187, in which more significant deformations were
achieved.
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