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DEFORMACE JIZNIHO PORTALU TUNELU PRACKOVICE V PRUBEHU
VYSTAVBY
DEFORMATIONS OF SOUTHERN PORTAL OF PRACKOVICE TUNNEL
DURING CONSTRUCTION
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Trasa ddlnice D8 byla v zdjmové oblasti vyprojektovdna a investorsky
piipravena tak, Ze predev§im z divod( ochrany krajiny Ceského stiedo-
hoti prochdzi morfologicky velmi ¢lenitym tzemim byvalého lomu na
Cedi¢, coZ pro vystavbu délnice vytvari mimorddné komplikované pod-
minky. Délnice je povrchové vedena vytéZzenou &dsti lomu s lokdlnimi
figurami vnitini vysypky, v severni ¢dsti lomu vSak bylo nutno projit
pomoci raZeného tunelu zdvérnym svahem, situovanym v bo¢i kopce
Debus (obr. 1), na okraji dobyvaciho prostoru lomu.

Velmi dobré zdkladni geologické podminky na puvodni lomové lokali-
t€ (Cedic téZeny na drcené kamenivo) jsou vSak v oblasti zavérného svahu
podstatné zménény na vyrazn€ hor$i horninovou kvalitu.

GEOLOGICKA CHARAKTERISTIKA HORNINOVEHO
PROSTREDI V OBLASTI JIZNIHO PORTALU

ZastiZeny masiv v misté razeného tunelu je z podstatné Césti tvoren silné
zvétralymi aZ rozlozenymi CediCovymi tufy, coZ jsou pozustatky nékdejsi
sopecné Cinnosti ve formé navrstvenych vyvrZenin sope¢ného popela. Jiz
pripravné price k zahdjeni razby Stoly z jizniho (prazského) portdlu skrze
spodni etdZ zdveérného svahu navic odhalily vyraznou nestabilitu masivu,
ktery byl poruSen a zistal trvale ,,natfesen seismickymi i¢inky nékdejsich
hromadnych (komorovych) odstield ve starém prackovickém lomu.
Pérovitost (v daném pripade spiSe mezerovitost hlinitokamenitého prostfe-
di) byla v dusledku zminéného natieseni zna¢nd, v uritych partiich méla
charakter malych i vétSich dutin. A nebylo mozno jednozna¢né vyloucit, Ze
budou zastizeny relikty Stoly loZiskového prizkumu.

Jak bylo konstatovdno jiz na zédkladé kopanych sond v obdobi volby
umisténi prazkumné Stoly (Bartdk 2004), ,,prvnich cca 50 m §toly od praz-
ského (jizniho) portdlu bude raZeno v prostiedi siln¢ zvétralych az rozloze-
nych bazalt, které lze charakterizovat piiblizné jako soudriné zeminy
pevné konzistence; piitomnost vody muZe konzistenci nepiiznivé ovliviio-
vat. V rozloZené horninové substanci se budou vyskytovat tilomky az bal-
vany navétralého nebo zdravého bazaltu“. Z toho duvodu bylo upusténo od
zaraZeni pruzkumné $toly do nestabilni a silné tla¢ivé portdlové ¢dsti masi-
vu a piistup do podzemi byl vyprojektovéan a realizovdn svislou Sachtou
z horni etdZe zavérného svahu v hornindch lepsi kvality (obr. 2).

Razba pruzkumné Stoly zpfesnila geologickou stavbu masivu, ktery je
tvoren stfidajicimi se mocnymi polohami zvétralych a7 rozloZenych bazalt
a silné zvétralych a7 rozloZenych tufi. Vzhledem k odsazeni pristupové

Obr. 1 Pohled na prostor jizniho portdlu tunelu Prackovice (kvéten 2005)
Fig. 1 View of the Prackovice southern portal area (May 2005)

INTRODUCTION

The D8 motorway route in the area of operations was designed and the
investment preparation was carried out above all with the aim of protecting the
landscape of Ceské Stiedohoff (the Czech Central Mountains). This is why it
passes through a morphologically very dissected area of a former basalt quar-
ry. This route creates complicated conditions for the motorway construction.

The at-grade motorway alignment runs across an exhausted part of the quar-
ry with local bodies of an inner dump located in it. On the northern side of the
quarry, it was necessary to build a mined tunnel, passing through the final quar-
ry slope, which is situated on a flank of Debus Hill, at the edge of the quarry
allotment site (Fig. 1). The very good basic geological conditions which exist in
the original quarry location (basalt exhausted for crushed aggregates) changed
in the area of the final slope, with the ground quality significantly deteriorating.

GEOLOGICAL CHARAKTERISTICS OF ROCK ENVIRONMENT
IN THE AREA OF SOUTHERN PORTAL

The major part of the rock mass encountered in the mined tunnel location
consists of heavily weathered to decomposed basalt tuffs, which are remains
of former volcanism in the form of piled up volcanic ash eject.

In addition, preparatory works before the commencement of driving an
exploratory gallery from the southern (Prague) portal through the bottom
layer of the final quarry slope identified significant instability of the rock
mass, which had been disturbed and remained permanently shaken up by
seismic effects of bulk (chamber) blasting in the old Prackovice quarry.
Owing to the above-mentioned shaking up, the porosity (rather a voids con-
tent of the loamy and stony environment in the given case) was high, even
having the character of larger cavities in certain locations. The possibility that
some relics of the quarry exploration gallery could not be excluded.

It was stated already when the position of the exploratory gallery was being
selected (Bartdk 2004), on the basis of test pits, that ‘the initial about 50m of
the gallery from the Prague (southern) portal will be driven through an envi-
ronment consisting of heavily weathered to decomposed basalts, which can be
characterised roughly as stiff, cohesive consistency soils; presence of water
may unfavourably affect the consistency. Weathered or sound basalt fragments
to boulders will be found in the decomposed rock substance.” For that reason
the idea of driving the exploratory gallery through the instable and heavily squ-
eezing portal part of the massif was abandoned and the access to the underg-
round was designed and executed through a vertical shaft sunk from the upper
stage of the final quarry slope, through better quality rock (Fig. 2).

The excavation of the exploratory gallery refined the information on the geolo-
gical structure of the rock mass, which consists of alternating thick layers of weat-
hered to decomposed basalts and heavily weathered to decomposed tuffs. Since
the access shaft was offset S50m from the future mined tunnel portal, no more detai-
led geotechnical information was obtained about the instable portal area.

A supplementary engineering geological drilling survey, which was supp-
lemented by a geophysical survey method — shallow seismic refraction survey,
was carried out with the aim of verifying in detail the type and quality of the
rock forming the overburden. The supplementary survey (K + K pruzkum
2008) for the Prague portal area determined in detail the layers of weathered
tuff agglomerate and weathered basalt (class R5) and weathered to decom-
posed tuffs of clastic soil (class R6). At the same time, it stated that local satu-
ration of the rock mass with water, attended by the occurrence of soft, plas-
tic clays, was possible.

PORTAL CUT EXCAVATION AND STABILIZATION

All survey assumptions were fully confirmed during the excavation of indi-
vidual stages of the side-hill cut for the Prague portal, where decomposed
tuffs, heavily loosened and weathered tuffs (Fig. 3), basalt debris, weathered
basalt with up to Scm wide fissures filled with clay and class F and G soils

were encountered.
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Obr. 2 Situace jizni portdlové oblasti
Fig. 2 Southern portal area layout

Sachty cca 50 m od budouciho razeného portdlu tunelu nebyly ziskdny
o nestabiln{ portdlové oblasti 7ddné podrobnéjsi geotechnické poznatky.

Dopliiujici prazkum pro oblast prazského portalu podrobné vymezil polo-
hy zvétralych aglomerdtovych tufa a zvétralych bazalta tiidy RS
a zvétralych az rozloZenych tufti charakteru dlomkovité zeminy tiidy R6.
Soucasné konstatoval moznost lokdlntho zvodnéni masivu a s tim souvise-
jici vyskyt mékkych plastickych jila.

HLOUBENI A ZAJISTOVANI PORTALU
V plné mife byly vSechny prizkumné predpoklady potvrzeny pii hloube-

ni jednotlivych etdZi v odiezu prazského portdlu, kde byly zastiZeny rozlo-
zené tufy, silné rozvolnéné zvétralé tufy, ediCové suté, zvétralé Cedice
s az 5 cm Sirokymi puklinami s jilovitou vyplni (obr. 3).

Nepiiznivé stabilitni vlastnosti a dlomkovitd rozpadavost poloh zvétra-
Iych tuft a bazalti nutné vyZzadovaly v oblasti portdlu zajiStén{ predpjatymi
kotvami, hiebiky a vyztuzenym stifkanym betonem. Hrebiky musely byt
osazovany do prostredi predem zpevnéného tryskovou injektdZi, jinak jejich
G¢innd instalace nebyla moznd. Pred vlastni razbou tunelovych trub bylo
nutno provést dal§i doplnujici stabiliza¢ni opatrent, a to pomoci dvojitého
mikropilotového ,,destniku” nad kazdou troubou (obr. 4).

Pii realizaci zajisténi portdlu béhem jeho hloubeni doSlo u hiebiku
i horninovych kotev k vysoké spotiebé injektdznich hmot. K enormné vyso-
ké spotrebe injek&nich hmot doslo v posledni fdzi hloubeni portdlu, a to
u mikropilot tvoricich ochranné ,.destniky* tunelovych trub na prazském
portélu.

V mikropilotéch, u nichZ bylo dosazeno tplného natlakovani vrtu, zvySe-
nd spotreba injektdzniho média vedla ke zpevnéni masivu v Sirsi oblasti
okolo jednotlivych mikropilot, coZ podporuje priznivy klenbovy efekt mik-
ropilotového ,.destniku*. U mikropilot se spotiebou 5000 litrt injektaZni
smési (témér dvacetindsobek zdkladni spotfeby) byla vypliové injektdZz
zastavena na hranici povoleného limitu spotieby na jeden vrt, aniz bylo
dosaZeno patfi¢ného natlakovani. Pfi¢inou byl nepochybné zvyseny tnik
injektdzni smesi do puklin, dutin i malych kaveren v masivu.

Vyrazné odlehéeni masivu ve svislém i vodorovném sméru pri kone¢ném
odtézeni témef 20 000 m3 horniny pred portdlovou sténou (obr. 5) vedlo
k prostorovym deformacim horninového masivu a portdlové stény. Tyto
deformacni projevy byly jeSteé zvétSovany vlivem vnitintho pritéZovani
masivu enormné vysokym mnoZstvim injekéni smési produkované pri zajis-
tovacich a stabilizatnich opatfenich, kterd pasobi v masivu svislymi
i horizontdlnimi tlaky.

MONITORING DEFORMACI PORTALU V PRUBEHU VYSTAVBY

V prubéhu odtéZovéni zeminy pred do¢asnou sténou raZeného portélu
byly zaznamendny 3D méfenim svislé a vodorovné deformace, jejichz veli-
kost se po zahdjeni hloubeni v obdobi Cerven az zafi 2008 pohybovala ve
svislém i podélném sméru (tj. ve sméru os tuneld) pod 10 mm. Po odtéZze-

ni a zajisténi portdlu na plnou vysku, véetné provedeni vSech injektdzi, se
viak projevily vyrazné deformace na viech etdzich, které béhem 14 dni na

Obr. 3 Zvétralé Cedice a tufy zastiZené pri hloubeni jamy pro jiZni portdl
Fig. 3 Character of the weathered basalt and tuff encountered when excava-
ting the portal cut

The unfavourable stability properties and the disaggregation of the weat-
hered tuffs and basalts into fragments necessitated the support in the portal
area to be carried out by pre-stressed anchors, dowels and reinforced shotc-
rete. The dowels had to be installed to an environment which was stabilised
in advance by jet grouting, otherwise the effective installation was not pos-
sible. Supplementary stabilisation measures had to be implemented prior to
the excavation of the tunnel tubes themselves, by means of a double canopy
tube pre-support over each tube (Fig. 4).

While installing the portal support, during the excavation, high grouting
material consumption rate was experienced as far as dowels and anchors
were concerned. The enormously high consumption rate occurred in the last
phase of the portal excavation, when the tubes forming the support envelope
over tunnel tubes (micropiles) were being installed. At the micropiles where
full pressurisation of the borehole was achieved, the increased consumption
of the grout led to compaction of the rock mass within a wider area around
individual micropiles. This phenomenon supported the favourable effect of
the micropile “umbrella” on the natural arch. At the micropiles where the
grout consumption reached 5000 litres (nearly twenty times exceeding the
basic consumption), the consolidation grouting was suspended when a limit
of consumption per borehole was reached, even though the required degree
of pressurisation had not been achieved. The reason was the undoubtedly inc-
reased volume of the grout escaping into fissures, cavities and small caverns
existing in the rock massif (Bartdk 2008).

The significant vertical and horizontal unloading of the massif resulting
from the final removal of nearly 20,000m3 of rock found in front of the por-
tal wall (Fig. 5) resulted in spatial deformations of the rock massif and the
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1 - pristupova a priizkumna Sachta, 2 — priizkumna $tola, 3 - hiebky 2 @ 25 mm, dI. 10 az
12 m po 2 m, 4 - stikany beton SB 20 tl. 20 cm, 5 - tfipramencové kotv dI. 24 m, F = 300 kN,
6 — postranni mikropilotovy véjif dl. 15 m, @ 114/12,5, 7 — zdvojeny mikropilotovy ,destnik” dI.
15m, @ 114/12,5

1 - survey shaft, 2 — survey gallery, 3 — nails 2 @ 25mm 10-12m by 2m, 4 - shotcrete SB 20
thickness 20cm, 5 — pre-stressed anchors 24m, F = 300kN 6 — side micropiles 15m,
@ 114/12,5, 7 - double micropile “umbrella” 15m, @ 114/12,5

Obr. 4 Schéma zajisténi jizniho raZeného portilu
Fig. 4 Chart of the mined southern portal support system
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Obr. 5 Pohled na zajisténi stény raZeného jizniho portdlu (zdri 2008)
Fig.5 View of the temporary mined portal wall stabilisation (September 2008)

zaldtku z4t{ vzrostly nejvice ve 2. etdzi, a to na 27 mm v podélném sméru
(obr. 6). Limitn{ horizontdlni deformace portdlu byla zdkladnim statickym
vypoctem stanovena hodnotou 50 mm. Stdvajici deformace vycerpdvala
sice 52 % této hodnoty, ale obavy vzbuzoval neustalujici se prubéh sledo-
vanych deformaci.

Z toho davodu bylo, v souladu s observanim charakterem ndvrhu zajis-
téni, rozhodnuto o provedeni dopliujicich stavebnich tprav, jejichZ cilem
bylo zajistit ustalovani deformaci. Byla pouZita dvé stabilizacn{ opatreni —
neprodlené provedeny prisyp 500 m3 zemniho materidlu k portdlové sténé
do vySe pocvy kaloty, jehoZ cilem bylo zajistit rychlé prvotni zklidnéni
deformaci, a v dal§i fzi provedeni 3. rady predpjatych pramencovych
kotev na trovni pocvy kaloty tunel. Kotvy 3. fady byly z&dsti osazeny
dynamometry na sledovani zmén predpéti v prabéhu postupné razby tune-
lovych trub.

Provedend opatreni byla tispé$nd a na za¢étku fijna bylo po tplném zklid-
néni deformaci pristoupeno k zardZce ZTT. Opatrnd razba délené kaloty
a v prvnich 40 m zpétné provadéné razby opéfi a dna s uzavirdnim spodn{
klenby vedly sice k ocekdvanému obnoveni deformaci, jejich rychlost se
vak jevila jako pfijatelnd. Po zardZce VTT méla pred koncem listopadu nej-
vétsi vodorovnd deformace ve sméru os tunell na 2. etdzi hodnotu 43 mm,
coz bylo 86 % stanovené limitni deformace.

Zatdtkem prosince doslo pri razbé VTT k preruseni ¢tyf predpjatych
kotev, které byly navrtany do vyrubniho profilu, patou kotvu likvidace tepr-
ve Cekala. Nejmarkantnéji na ndhlou ztritu stabilizanich sil reagoval
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Obr. 7 Reakce extenzometru nad VIT na pretrieni kotev ve 2. kotevni tirovni
(prosinec 2008)

Fig. 7 Response of the extensometer above the ETT on breaking of anchors
at the 2nd level (December 2008)
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Obr. 6 Horizontdlni deformace na 2. etdZi portdlové stény v obdobi Cervenec
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Fig. 6 Horizontal deformations on the 2"d bench of the portal wall during
July through October 2008

portal wall. The strain manifestations were further enhanced due to internal
surcharging of the massif by enormously high amount of grout used for its
stabilisation, which induced vertical and horizontal pressures in the massif.

MONITORING OF PORTAL DEFORMATIONS DURING CONSTRUCTION

When the ground in front of the temporary mined portal wall was being
excavated, 3D measurements registered vertical and horizontal deformations
the magnitude of which stayed under 10mm both vertically and horizontally
(in the direction of the tunnels) at the beginning of the work (June to
September 2008). However, significant deformations appeared on all benches
when the excavation had been completed, including all grouting, and the full
height of the portal had been stabilised. The deformations grew during
a fortnight at the beginning of September, most of all on the 2nd bench, hori-
zontally up to 27mm (Fig. 6). The limiting horizontal deformation of the por-
tal of 50mm was determined by a basic structural analysis (Pragoprojekt
2008). Even though the existing deformation values reached 52% of the limi-
ting value, the non-stabilising development of all deformations being monito-
red raised fears.

For that reason, the decision was made in compliance with the observati-
onal character of the stabilisation design that additional structural measures
would be implemented with the aim of stabilising the deformations. Two sta-
bilisation measures were applied: 500m3 of ground was immediately dumped
at the portal wall with the aim of ensuring quick initial steadying of defor-
mations. A third tier of pre-stressed stranded anchors was carried out at the
level of the tunnel top heading bottom in the next phase. The measures were
successful, therefore, after the stabilisation of deformations was achieved, the
excavation of the WTT started. Even though the careful excavation of the
divided top heading with the bench and bottom excavation and closing the
invert in the initial 40m long section led to anticipated renewing of deforma-
tions, their rate seemed to be acceptable. After the start of the ETT excavati-
on (20 October 2009), the greatest horizontal deformation in the direction of
the tunnels on the 2nd bench reached 43mm (before the end of November),
which was 86 per cent of the limiting deformation.

At the beginning of December, four pre-stressed anchors extending to the
tunnel cross-section were cut during the ETT excavation; the fifth anchor
waited for liquidation. The extensometer located above the ETT roughly in
the location of anchor roots responded to the sudden loss of stabilisation for-
ces most markedly. It registered an abrupt change in the vertical deformation
by 27mm (Fig. 7). The reverse course of deformations was probably associ-
ated with a progressive change in the content of voids in the rock massif
down the height of the overburden.

Vertical and horizontal deformations on the portal wall responded similar-
ly, even though with lower values: vertical deformation on the 1st bench
above the ETT rose by 26mm to 56mm, horizontal deformation on the 2nd
bench above the ETT grew by 10mm to 47mm (Fig. 8). The excavation ope-
rations were suspended and stabilisation measures had to be implemented
because of the fact that the limiting deformation values were virtually reached.

Again two stabilisation measures were applied — immediate dumping of
ground at the portal wall securing rapid settling down of deformations, follo-
wed by casting of a sizeable concrete block in the central part of the portal
wall. This block was founded on inclined micropiles. It horizontally suppor-
ted the rock pillar between the tunnel tubes and effectively imposed
a surcharge on the bottom of the pit in front of the portal wall. The reason for
casting of the block was the fact that the character of deformations measured
on the wall, on the bottom of the pit and inside the ETT indicated the possibi-
lity of a cylindrical failure surface, which threatened the outer stability of the

portal wall (Fig. 9).
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Obr. 8 Vodorovnd deformace na 2. etdzi po pretrieni kotev (prosinec 2008)
Fig. 8 Horizontal deformation on the 2" bench after breaking of anchors
(December 2008)

extenzometr situovany nad VTT zhruba v misté kofent kotev, ktery zazna-
menal skokovou zménu svislé deformace o0 27 mm (obr. 7). Obriceny sled
deformaci souvisel pravdépodobné s progresivni zménou mezerovitosti
masivu po vySce nadloZi.

Obdobné, i kdyZ niz§imi hodnotami, reagovaly svislé a vodorovné defor-
mace na portdlové sténé — svisld deformace na 1. etdzi nad VTT vzrostla
0 26 mm na hodnotu 56 mm, vodorovna deformace na 2. etazi nad VIT
vzrostla o 10 mm na hodnotu 47 mm (obr. 8). Razba byla zastavena a musela
se provést dal§i stabilizatni opatfeni, nebot’ limitni deformace byly praktic-
ky vycerpany.

Opét byla pouzita dvé stabiliza¢ni opatfeni — neprodleny prisyp zemniho
materidlu k portdlové sténé k zajisténi rychlého zklidnéni deformaci, po
némz nésledovalo vybetonovani mohutného monolitického bloku ve stred-
ni ¢asti portdlové stény. Tento blok, ktery byl zaloZen na Sikmych mikropi-
lotdch, podporoval horizontdlné horninovy pilit mezi tunelovymi troubami
a 4¢inné pritézoval i povu zdfezu pred portdlovou sténou. Charakter defor-
maci méfenych na stén¢, na pocve zdfezu a uvnitt VTT indikoval totiZ prav-
dépodobny vznik vdlcové smykové plochy, kterd ohrozovala vnéjsi stabili-
tu portdlové stény (obr. 9).

Numerické feSeni MKP (Hilar 2008) sice nepotvrdilo moZnost vzniku
zminéné smykové plochy, nicméné prokédzalo vyznamné zvyseni stupné sta-
bility na posuzované smykové ploSe v dusledku provedenych sanacnich
opatfeni. Pfi uvazovan{ nepiiznivych parametri horninového prostiedi byl
po preruseni kotev vypocteny stupen stability 1,25 a po provedeni sana¢nich
opatfen{ vzrostl na hodnotu 1,67. I kdyby skutecny stupen stability byl bliz-
ky jedné, bylo mozno z poméru vypoltenych hodnot usuzovat na jeho zvy-
Sen{ k hodnoté 1,3 po provedeni sana¢nich opatreni.

Na prelomu ledna a tinora byla obnovena razba ve VTT, pri¢emZ muse-
la byt zlikvidovéna i posledni predpjatd kotva, zasahujici do vyrubniho pro-
filu. Deformac¢ni odezva na tento pofin méla odekdvany prubéh — dalsi
nghlé zvétSeni deformaci. Extenzometr situovany nad VTT v misté korent
kotev zaznamenal nejvétsi prirustek — skokovou zménu svislé deformace
020 a7z 30 mm ve Ctyfech extenzometrem sledovanych drovnich nad VIT
(obr. 10), nivelaéni profil na povrchu vedeny zhruba nad kofeny kotev
vykdzal obdobnou deformaci 26 mm (obr. 11). Svisld deformace na I. etdzi
vzrostla o 10 mm, vodorovnd se na téZe etdZi o 10 mm zmensila (dusledek
orientace vektoru posunu do hory). Na ostatnich etdzich portdlové stény jiz
nedoslo k 7ddné zméné svislych ani vodorovnych deformaci, takZe po
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1 - breaking of four anchors, 2 — presumed shear plane, 3 — ground fill,

4 —inclined micropiles, 5 — supporting concrete block

Obr. 9 Stabilizacni opatreni provedend na portdle po pretrieni kotev
Fig. 9 Stabilisation measures implemented after breaking of anchors

Even though the numerical solution by the FEM (Hilar 2008) did not con-
firm the possibility of the origination of the above-mentioned failure surface,
it proved significantly increased degree of stability on the shear surface being
assessed resulting from the implemented rehabilitation measures. With the
unfavourable rock mass parameters taken into account, the stability factor
calculated after breaking the anchors was 1.25 and it rosed to 1.67 after
implementing the rehabilitation measures. Even if the real stability factor had
been close to one, it was possible to gather from the calculated values that it
would have grown to 1.3 after implementing the rehabilitation measures.

The ETT excavation resumed at the beginning of February. Even the last
anchor extending into the excavation profile had to be removed. The course
of the deformation response to this action was predictable — deformations
abruptly increased. The extensometer located above the ETT near the roots
of anchors registered the greatest increment — an abrupt change in vertical
deformation by 20 to 30mm at four levels being monitored by the extenso-
meter above the ETT (Fig. 10); the levelling station on the surface, found
roughly above the roots, registered similar deformation of 26mm (Fig. 11).
Vertical deformation on the 1st bench grew by 10mm, while the horizontal
deformation on the same bench decreased by 10mm (a result of the displace-
ment vector orientation toward the rock massif). No change in vertical or
horizontal deformations was registered on the other benches of the portal
wall, therefore, after analysing the measured values, the decision was made
that the excavation was to proceed without additional measures. Really, the
portal wall was no more affected by the subsequent excavation of the ETT.

Figure 12 presents an overall chart of basic initiations of growing defor-
mations and the effect of implementing the subsequent stabilisation measu-
res. The chart illustrates the course of vertical deformations on the 1st bench
during the June 2008 to March 2009 period, when deformations of the portal
wall completely settled down.

The settling down of deformations in the portal area is demonstrated by
records of horizontal displacements measured on the 2nd bench from July
2008 through May 2009 (Fig. 13).

Driving of the ETT was finished by break-through of the north portal wall
in last decade of May 2009 (Fig. 14).

. "“"—‘ TEREN NAD VTT  SURFACE ABOVE ETT
S| PHéEny nivela&ni profil Levelling cross section

—

Obr. 10 Reakce extenzometru nad VIT na pretrieni posledni kotvy (iinor 2009)
Fig. 10 Response of the extensometer above the ETT on breaking of the last
anchor (February 2009)

Obr. 11 Vertikdlni deformace terénu nad VTT po pretrieni posledni kotvy
(iinor 2009)

Fig. 11 Vertical deformations of the surface above ETT after breaking of the
last anchor (February 2009)
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1 - hloubeni zafezu, 2 - odtéZeni + injektaZe, 3 — prvni sanace, 4 — postupna razba ZTT a VTT,
5 — prretrzeni ¢tyf kotev ve VTT, 6 — druhd sanace, 7 — pfetrZeni paté kotvy ve VTT, 8 — pokraco-
vani razby VTT, 7 — uklidnéni deformaci na portalové sténé

1 - excavation, 2 — grouting, 3 — ground fill, 4 — tunnel driving, 5 - cutting of four
pre-stressed anchors, 6 — dumping of ground, inclined micropiles, concrete block, 7 — cutting of
fifth anchor, 8 — tunnel driving, 9 - settling down of deformations

Obr. 12 Celkovy prubéh svislych deformaci 1. etdZe portdlové stény v obdobi
Cerven 2008 aZ brezen 2009

Fig. 12 Comprehensive chart of curves of vertical deformations on the 1st
bench during the June 2008 through March 2009

analyze zmefenych hodnot bylo rozhodnuto pokracovat v razbe bez dalsich
opatreni. Pfi dal§im postupu razby VIT smérem do hory jiZ skute¢né nedo-
chézelo k dalsimu ovliviiovan{ portélové stény.

Piehledné zndzornéni zdsadnich iniciaci narastu deformaci a nasledny
vliv provedenych stabilizaénich opatfeni je na obrdzku 12. Zachycuje pra-
béh svislych deformaci bodu na 1. etdZi za obdobi erven 2008 az biezen
2009, kdy jiz dochdzelo k deformacnimu uklidnéni portdlové stény.

Deformacni uklidnéni po celé vysce nadloZi v oblasti portdlu dokumen-
tuje ndzorné zdznam horizontdlnich posuna méfenych od cervence 2008 do
kvétna 2009 na 2. etdzi portdlové stény (obr. 13).

V posledni dekddé kvétna 2008 byla vychodni tunelova trouba prorazena
skrz stifkany beton zajistujici severni portdlovou sténu (obr. 14).

ZAVER

Monitoring pii vystavbé prazského portélu tunelu Prackovice probihal
v intencich observacni metody navrhovéni ve velmi nekvalitnim hornino-
vém masivu, ktery vykazoval v pocitecnich fazich vystavby deformace
VEtST, neZ se ocekdvalo. Jeho velkym kladem vSak bylo, Ze na silové, resp.
napétové podnéty ,,spravné reagoval. Deforma¢ni odezva na zmeny stavu
napéti byla o€ividnd a bezprostredni, coZ umoznovalo provést potrebn sta-
bilizalni opatfeni. Jak ukdzaly v poslednich letech opakované stabilitni pro-
blémy v silné diskontinuitnich masivech, nemusi se deformacni odezva bliz-
kych partif masivu projevit ani v pripadé masivnich nadvylomu ¢i dokonce
propadt nadloZi.

U tunelu Prackovice byl analyjzou monitorovanych veli¢in, predevsim
deformaci na portdlové sténé, plné potvrzen znamy fakt, Ze pfi nepfiznivém
vyvoji deformaci geotechnické konstrukce, jakymi jsou jejich ndhld akcele-
race ¢i skokovy vyvoj, je zdsadnim pozadavkem ,,zbrzdit“ jejich vyvoj bez-
prostrednimi  stabiliza¢nimi zdsahy. Limitni hodnoty deformaci, urcené
zdkladnim statickym vypoctem, nelze pri observaéni metodé chdpat jako
absolutni dogma. Vyznamnéjs$im ukazatelem muze byt trend deformaci,
jeho spravné vyhodnoceni a ovlivnéni po strénce jak technické, tak Casové.
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Obr. 13 Pritbéh horizontdlnich posunit na 2. etdzi portdlové stény v obdobi od
Cervence 2008 do kvetna 2009

Fig. 13 Horizontal deformation on the 24 bench during the July 2008
through May 2009 period

Obr. 14 Prordzka VIT do severni portdlové stény na konci kvétna 2009
Fig. 14 Break-through to the north portal in May 2009

CONCLUSION

The monitoring over the construction of the Prague portal of the Prackovice
tunnel was carried out in compliance with the observational method of desig-
ning in very low quality rock mass conditions, where greater than anticipated
deformations occurred in the initial phases of construction works. A significant
positive of the monitoring was the fact that it properly responded to the force-
or stress-related impulses. This means that the deformational response to chan-
ges in the state of stress was evident and immediate, which made the imple-
mentation of required stabilisation measures possible. As the stability problems
which have been repeatedly encountered in the recent years in rock massifs fea-
turing heavy discontinuities showed, a deformation response of adjacent parts
of rock mass does not have to manifest itself even in the case of massive overb-
reaks or even “daylight” collapses of the overburden.

As far as the Prackovice tunnel is concerned, the well-known fact was
fully confirmed by an analysis of the quantities being monitored, first of all
deformations on the portal wall, that the basic requirement in the case of
unfavourably developing deformations of a geotechnical structure, such as
abrupt acceleration or a jump, is that the development must be slowed down
by immediate stabilisation interventions. The limiting deformation values
which are determined by the basic structural analysis cannot be considered to
be an absolutely binding dogma when an observational method is used. The
deformation trend, correct assessment of the trend and the influence on the
trend in terms of technology and time can be more important indicators.
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