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MESTSKY OKRUH, USEK MYSLBEKOVA - PRASNY MOST (MYPRA)
METODIKA NAVRHU PRIMARNIHO
A SEKUNDARNIHO OSTENI TUNELU
MYSLBEKOVA STREET - PRASNY BRIDGE (MYPRA) SECTION
OF THE CITY CIRCLE ROAD
PRIMARY AND SECONDARY TUNNEL LINING DESIGN METHODOLOGY

VACLAV KRCH, RADKO RIEGER
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Severné od aredlu Prazského hradu vybocuje stopa Méstského
okruhu (MO) z prostoru ulic Patockova a Milady Hordkové (kde je
okruh umistén v hloubenych tunelech) do tizemi mezi ulicemi Jeleni
a tfidou Milady Hordkové. Zde je navrZen raZeny tunel. Divodem
pro zvolenou trasu a technologii v tomto Useku je pozadavek na
zajistén{ nepferuseného provozu na tfidé Milady Hordkové, zejména
pro zajisténi dopravni obsluhy Petfin a ochrana citlivé a pamdtkove
chranéné oblasti Hrad¢an. Uzemi, kterym raZeny tunel prochazi, je
relativné fidce zastavéno nadzemni zdstavbou. AvSak primo nad
tunelem se nachdzi ¢4st barokniho opevnéni Hrad¢an, bastiony ¢. X1
— &. XIX, v tésné blizkosti potom budova byvalého méstského sirot-

¢ince, nyni objekt ve spravé ministerstva kultury a historické budo-
vy v ulici Jeleni.

PREDPOKLADY A METODIKA RESENI

Zakladni geometrické charakteristiky razeného tunelu:

Délka severni tunelové trouby (STT) 536,50 m.

Délka jizni tunelové trouby (JTT) 551,80 m.

Plocha vyrubu cca 180 m2.

Maximdlni podélny sklon 3,60 %.

Jako optimdln{ tunelovaci metoda pro razbu tunelu v danych pro-
ménlivych geologickych podminkach byla zvolena razba dle zdsad
Nové rakouské tunelovaci metody (NRTM) vyuZzivajici v maximdln{
mozné mife spolupusobeni horninového prostredi s vyuzitim jeho
samonosnosti.

INTRODUCTION

North of the grounds of Prague Castle, the route of the City Circle
Road (CCR) leaves the space of Patockova and Milady Hordkové
Streets (where the circle road runs through cut-and-cover tunnels) and
enters the space between Jeleni and Milady Hordkové Streets.
A mined tunnel is designed for this section. The reason for the selec-
tion of this route and construction system is the requirement for the
traffic on Milady Hordkové Street to be maintained uninterrupted,
above all for the purposes of the residential traffic in Petfiny and pro-
tection of the sensitive, heritage designated area of HradCany. The
area which the mined tunnel passes through is relatively sparsely
developed. However, a part of the Baroque fortification of Hrad¢any
(bastions No. XI — ¢. XIX) is found directly above the tunnel; the buil-
ding of a former municipal orphanage (currently used by the Ministry

of Culture) is in the close vicinity of the tunnel route, as well as his-
toric buildings in Jeleni Street.

DESIGN ASSUMPTIONS AND METHODOLOGY

Basic geometrical features of the mined tunnel:

The length of the northern tunnel tube (NTT) is 536.50m.

The length of the southern tunnel tube (STT) is 551.80m.

Excavated cross-sectional area is about 180 m?2.

Maximum longitudinal gradient is 3.60 %.

The New Austrian Tunnelling Method (NATM), which uses the
advantage of the composite action of the ground mass and its self-sup-
porting capacity, was selected as the optimum method of the tunnel
excavation through the given variable geological environment.
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Obr.2 Rez1-1

Fig. 2 Cross section 1 — 1 33381 m
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Four NATM excavation sup-
port classes are proposed for the
tunnelling, i.e. classes III, IV,
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Va,Vb, which differ from each
other in the advance round
length, the number and length of
anchors, thickness of the tempo-
rary lining and the reinforcement.
The assessment of the designed
horizontal alignment and vertical
alignment, which was carried out
in relation to the results of
a detailed geological survey, led
to the determination of three
locations of typical cross sections
(the cross-sections 1 - 1,2 -2 and
3 - 3). The structural analysis of
these cross sections was carried
out for the NTT and STT using
a 2D mathematical model. The
portal sections (the cross-sections
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1 -1 and 3 - 3) were selected for

g. g_ E. g. % the calculations, where the height

of the overburden is reduced and
geological conditions are worse-
ned. The third cross-section,

Pro razbu a do¢asné vystrojeni vyrubu jsou navrzeny tyfi techno-
logické tfidy razeb NRTM - III, IV, Va,Vb, které se navzdjem lis{
délkou zdbéru, poétem a délkou kotev, tlouStkou docasného osténi
a vyztuZenim. Po zhodnoceni navrhovaného pudorysného
a vyskového vedeni tunelovych tras s vazbou na podrobny geologic-
ky pruzkum byly stanoveny 3 polohy pfi¢nych feza (fezy 1-1, 2-2
a 3-3), ve kterych byl proveden vypocet matematickym (rovinnym)
2D modelem pro STT i JTT. Zvoleny byly priportdlové tseky, kde
dochézi ke sniZeni nadloZ{ a zhorSeni geologickych podminek (fezy
I-1 a 3-3), a charakteristicky fez pro zbyvajici trasu priblizné
v poloviné razeného useku (fez 2 — 2). Vzhledem k vedeni trasy
v blizkosti obytné zdstavby a velikosti profilu byl matematickym
modelem posouzen i vzduchotechnicky kandl.

Vysledkem matematického modelu je:

1. Stanoveni deformacné-napétového stavu masivu po realizaci

raZeb tuneld.

2. Prognéza moZného plastického pretvareni masivu a zmén jeho

napjatosti.

3. Predpokladany vyvoj deformaci masivu a osténi v jednotlivych

fazich razby.

4. Progndza celkovych deforma&nich vlivi na povrch dzemi.

Statické reSeni doCasného osténi je provedeno pomoci numerické-
ho modelu ¢lenéného vyrubu metodou kone¢nych prvka v programu
GEO4 MKP tunel. Jde o dvourozmérny model a pouZité prvky jsou
izoparametrické. Horninovy masiv je feSen ve stavu rovinné defor-
mace a je definovdn jako pruznéplasticky materidl podle Mohr-
Coulomba. Definitivni osténi je pak posouzeno s vyuZitim vystupu
z feSeni matematického modelu dimenza¢nimi programy pro beton.

MECHANICKE VLASTNOSTI MASIVU A JEJICH ZAVEDENI
DO MODELU

Z geotechnického pruzkumu vyplyvd, Ze geologické poméry na
trase jsou pomérné slozité a znaéné€ proménlivé. Z hornin skalniho
podlozi se v zdjmovém uzemi vyskytuje souvrstvi letenské
v monoténnim vyvoji. Strukturné je lze charakterizovat jako pis¢ité
drobové bridlice. Podle stupné tektonického naruSeni zde prevlada
stfedné az znaéné rozpukand hornina. Monoténni vyvoj letenského
souvrstvi je proti zvétravani méné odolny, mocnost zvétralinového
horizontu dosahuje 3 — 5 m. Vysledky podrobného geologického pru-
zkumu stavby byly smérodatné pro stanoveni geotechnickych para-
metrd masivu a pokryvnych dtvard, které byly pouZity ve vypoctu.
V matematickém modelu je masiv definovan jako pruzné plastické
prostiedi. Ve vypoctu je zaveden model Mohr-Coulomb s podminkou
vzniku nevratnych pretvoreni, tedy vzniku plastickych oblasti, ktery
popisuje stav napéti pfi poruseni nalézajicim se ve stavu rovinné
deformace.

which is characteristic of the
remaining route, was selected approximately in the middle of the
mined section (the cross-section 2 - 2). With respect to the near-
ness of its route to existing buildings and the dimensions of the
cross section, the ventilation duct was also assessed using
a mathematical model.

The following results were provided by the mathematical
modelling:

1. The determination of the deformational stress and strain

state of the rock mass during the tunnel excavation.

2. The prognosis of the possible plastic deformation of the rock

mass and changes in the state of stress in the rock mass.

3. The anticipated development of deformations of the rock

mass and the lining in the individual excavation phases.

4. The prognosis of the overall deformational effects on the

ground surface.

The structural analysis of the temporary lining is carried out
using a numerical model of the sequential excavation, by the
Finite Element Method using the GEO4 MKP tunnel program. It
is a two-dimensional model and the elements used are isoparame-
tric. The rock mass is dealt with in the state of plane deformation
and is defined as Mohr-Coulomb elasto-plastic material. The final
lining is then assessed using the outputs obtained from the mathe-
matical model solved using calculation programs developed for
concrete.

MECHANICAL PROPERTIES OF THE ROCK MASS;
INCORPORATION OF THE PROPERTIES INTO THE
MODEL

It follows from the geotechnical survey that the geological con-
ditions along the route are complex and very variable. The bed-
rock in the area of operations is formed by the so-called “mono-
tonous-evolution” type of the Letnd Member. In terms of the
structure, it can be characterised as sandy greywacke shale. In
terms of the degree of tectonic faulting, medium to significantly
fractured rock prevails. The Letnd Member rock which originated
through the monotonous evolution is less weathering resistant; the
thickness of the mantle of waste reaches 3 — 5m. The results of the
detailed geological survey which was carried out for the project
were decisive for the determination of the geotechnical parame-
ters of the rock mass and the superficial deposits which were used
for the calculation. In the mathematical model, the rock mass is
defined as an elastic-plastic environment. The Mohr-Coulomb
model applied to the calculation, with an assumption that irrever-
sible deformations will develop, which means that plastic areas
will develop. The model describes the state of stress at fracture

which is found in the state of planar deformation.
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Obr.3 Rez2 -2
Fig. 3 Cross section 2 -2 . 25,0 m

MECHANICAL PROPERTIES
OF TEMPORARY LINING;

DEF. Z {mm)

'| INTRODUCTION OF THE
PROPERTIES INTO THE

MODEL

The primary lining is, in gene-
ral, designed to be from SB 25-
grade sprayed concrete reinforced
with mesh and lattice girders. The
thickness of the lining of the side-
wall drifts, top heading and invert
was designed specifically for each
support class. When introducing
mechanical properties of the SB
25 concrete into the model, we
start from the assumption that the
full loading develops approxima-
tely at a distance of 3m behind the
| " i | excavation face. The process of

i 333335 33;3
{m)

g % concrete ageing is introduced into
8 = the model by applying a different
modulus of elasticity. The increa-
ses in the modulus of elasticity Et

Obr.4Rez3 -3
Fig. 4 Cross section 3 - 3

and strength of the sprayed conc-
rete were determined using experi-
mental measurements and recom-
mendations “Shotcrete application
rules” (the ITA/AITES Czech
Tunnelling Committee) by means
of the modulus of elasticity corres-
ponding to that of three-day old
concrete, i.e. “green concrete” and
18-day old concrete, i.e. “old
concrete”.

ANCHORS AND JET GROUTING;
THEIR INTRODUCTION INTO
THE MODEL

The modelling of the action of
radial anchors in the excavation
support system is based on the
assumption that one of the main
functions of the anchors is to
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improve the shear parameters of
the rock mass in the area where
they are installed. In our case, the
additional values of the cohesion

MECHANICKE VLASTNOSTI DOCASNEHO OSTENI
A JEJICH ZAVEDENI DO MODELU

Primdrn{ osténi je generelné navrzeno ze stfikaného betonu SB 25
vyztuZeného sitémi a prihradovymi ramy. Navrhované tloustky osté-
ni opérovych tunelt, kaloty a spodni klenby byly stanoveny pro kaz-
dou technologickou tfidu. Pfi zavadéni mechanickych vlastnosti
navrzeného betonu SB25 vychdzime z predpokladu, Ze plné zatiZeni
se vyvine priblizné 3 dny za Celbou profilu. Ve vypoctech je zrdni
betonu zavedeno do modelu pouZzitim rozdilného modulu pruZnosti.
Nérasty modulu pruznosti E¢ a pevnosti stitkaného betonu byly urce-
ny s vyuZitim experimentdlnich métreni a doporuceni Zésady pro
pouZivani stiikaného betonu (Cesky tuneldisky komitét ITA/AITES)
modulem pruznosti odpovidajicimu tfidennimu betonu — “mlady
beton a betonu stafi 18 dnu — ,,stary beton*.

KOTVY A TRYSKOVA INJEKTAZ A JEJICH ZAVEDENI
DO MODELU

Modelovani pusobeni radidlnich kotev v opérném systému tunelu
vychézi z predpokladu, Ze jednou z hlavnich funkei kotev je zlepse-
ni smykovych parametrd masivu v oblasti jejich ptsobeni. V nasem
pfipadé v fezech 2-2 a 1-1 byly pfidavné hodnoty soudrznosti ¢
a thlu vnitiniho tfeni f nizké, proto nebyly do vypoltu zavedeny,
a tim se vypocet pohybuje na strané¢ bezpecnosti.

c and angle of internal friction ¢
in the cross sections 2 - 2 and 1 - 1 were so low that they were not
introduced into the calculation. Thus the calculation result is on
the safe side.

Regarding the cross section 3 - 3, where the jet grouting is used
to create 600mm-diameter columns around the cross-section peri-
meter, the grouting modelled as an area in which the cohesion
value c is increased to 100 kPa.

EXCAVATION SEQUENCE; INTRODUCTION
OF THE SEQUENCE INTO THE MODEL

The NATM with the vertical excavation sequence (with side-
wall drifts) is designed for the NTT and STT excavation. The
NATM will also be used for the excavation of the ventilation duct,
but a vertical sequence will be applied (top heading and bench).
The structural analysis models the excavation of 1linear metre of
the tunnel in several calculation steps — phases according to the
progress of the works. The principle based on the ground respon-
se to the stress relief resulting from the excavation was used when
the model for the cross sections 1 - 1 and 2 - 2 was being develo-
ped. It allowed us to express the influence of the location of the
excavation face on the development of deformations in the over-
burden in percents. The immediate installation of the lining was
modelled in the case of the cross section 3 - 3.
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TECHNOLOGICKA TRIDA — EXCAVATION SUPPORT CLASS - 5a

Podélny ez — Longitudinal section Pri¢ny rez

Cross section

1 - Levy opérovy tunel
— Left side drift

2 - Pravy opérovy
tunel
Right side drift

3 - Kalota
Top heading

4 - Jadro — Bench

5 - Spodni klenba
Invert

Obr. 5 Schéma razZby v technologickych tfidich 5a — 5b
Fig. 5 Diagram of the excavation categorised as support classes 5a — 5b

V fezu 3-3, kde je pouzita tryskovd injektdZ navrzena po obvo-
dé profilu ze sloupt o priméru 600 mm. ,,Pfekotvend* oblast se
modelovdla se zvySenim hodnoty soudrZnosti ¢ na hodnotu
100 kPa.

POSTUP VYSTAVBY A JEHO ZAVEDENI DO MODELU

Razba STT a JTT je navrZena dle technologie NRTM
s vertikdlnim ¢lenénim pomoci opérovych §tol. Razba vzduchotech-
nického kandlu je také navrZzena dle NRTM, avSak s horizontdlnim
¢lenénim na kalotu a jddro. Staticky vypocet modeluje razbu na
1 bm tunelu v nékolika vypocetnich krocich — fazich dle provadén{
dila. Pfi modelovani v fezech 1-1, 2-2 bylo pouZzito tzv. exkavace,
coZ je moznost procentudlné vyjadrit vliv polohy &elby na prabéh
deformace nadloZi. V fezu 3-3 byla modelovdna okamzit4 instalace
osténi.

JEDNOTLIVE FAZE VYPOCTU

Jednotlivé faze vypoctu byly realizovdny v ndsledujicich krocich:
1. Zavedeni hodnot geotechnickych parametru jednotlivych vrs-
tev a nosnikovych prvka, které respektuji razbu s vertikdlnim ¢lené-
nim. Geotechnické hodnoty prirazené jednotlivym vrstvdm modelu
respektuji zavéry geologického prizkumu.
2. Vygenerovani sité¢ kone&nych prvku se zahusténim sité v okoli
profilu v kruhové oblasti kolem vyrubu.
Zavedeni primdrn{ napjatosti masivu.
4. Vyrub levé opéry STT (fdze la, 1b — obr. 5).
5. Aktivace docasného osténi.
6. Vyrub pravé opéry STT (fdze 2a, 2b — obr. 5).
7. Aktivace docasného osteni.
8
9
1

w

. Vyrub kaloty STT (faze 3 —obr. 5).
. Aktivace docasného osténi v kalote.
0. Vyrub opéfi a spodni klenby s rusenim vyztuz. Zeber (fize 4,
5 — obr. 5).
11. Aktivace docasného osténi ve dné profilu.
V obdobnych krocich pak je zavedena do vypoctu razba JTT.

ROZSAH ZONY OVLIVNENI, PROGNOZA VYVOJE VELIKOSTI
POKLESU A DOPAD NA POVRCHOVOU ZASTAVBU
A INZENYRSKE SITE V NADLOZI

Pomoci vypolta MKP byla provedena prognéza poklesu terénu
a $itky poklesové kotliny. Vypocet byl proveden pro obé tunelové
trouby ve tfech vySe uvedenych pri¢nych fezech. Vypocet na pri-
portalovém dseku v fezu 1 — 1 stanovil maximdlni pokles povrchu
tzemi v ose tunelu pfi razbé severntho tunelu STT hodnotou cca
20 mm pfi §ifce poklesové kotliny cca 43 m. Vyslednd ¢dra poklesu
po razbé obou tuneld stanovuje celkovy pokles v hodnoté cca 40
mm, obr. 2.

Vypoclet v fezu 2 — 2 v letenskych vrstvach uvddi maximalni
pokles povrchu tzemi pfi razbé severniho tunelu v jeho ose hodno-
tou cca 30 mm pri §itce poklesové kotliny cca 70 m. Vysledna ¢dra
poklest po razbé obou tunela uvddi celkovy pokles hodnotou cca 30
mm, obr. 3.

TuoufHel

TECHNOLOGICKA TRIDA — EXCAVATION SUPPORT CLASS - 5b

Podélny Fez — Longitudinal section

Pri¢ny rez
Cross section

0 - Tryskova injektaz
(Mikropiloty) - Jet
grouting (Micropiles)

1 - Levy opérovy tunel
Left side drift

2 - Pravy opérovy tunel
Right side drift

3 - Kalota
Top heading

4 - Jadro — Bench

5 - Spodni klenba
Invert

INDIVIDUAL CALCULATION PHASES

The individual phases of the calculation were carried out in the

following steps:

1. The introduction of the values of geotechnical parameters of
the individual layers and girder elements respecting the ver-
tical excavation sequence. The geotechnical values assigned
to individual layers of the model respect the conclusions of
the geological survey.

2. Generation of a finite element mesh with the densification of
the mesh in the vicinity of the profile, in an annulus around
the excavation.

3. Introduction of the state of primary stress in the rock mass.

4. Excavation of the left sidewall drift - the NTT (phases la
and 1b — see Fig. 5).

5. Activation of the temporary lining.

6. Excavation of the right sidewall drift - the NTT (phases 2a

and 2b — see Fig. 5).

Activation of the temporary lining.

Excavation of the top heading — the NTT (phase 3 — see Fig. 5).
. Activation of the top heading temporary lining.

0 Excavation of the core and invert concurrently with the

removing of lattice girders (phases 4 and 5 — see Fig. 5).

11. Activation of the lining at the bottom of the profile.

The STT excavation is subsequently introduced into the calcu-

lation using similar steps.

H\OOO\]

ZONE OF INFLUENCE, PROGNOSIS OF DEVELOPMENT
OF THE MAGNITUDE OF SETTLEMENT AND THE IMPACT
ON EXISTING SURFACE BUILDINGS AND UTILITY
NETWORKS IN THE OVERBURDEN

The prognosis of the terrain settlement and the width of the sett-
lement trough was carried out by means of an FEM analysis. The
analysis was performed for both tunnel tubes, at the three above-
mentioned cross sections. The calculation for the portal section
determined the maximum settlement of the surface at the cross
section 1 - 1 which is to be encountered during the excavation of
the NTT on the centre line of the tunnel to amount to approxima-
tely 20mm, at the width of the settlement trough of about 43m.
The aggregate settlement curve determines that the settlement
after the excavation of both tunnel tubes will be about 40mm (see
Fig. 2).

The results of the calculation for the cross section 2 - 2, which
is found in the Letnd Member environment, suggest that the maxi-
mum settlement of the surface which is to be encountered during
the excavation on the centre line of the northern tunnel tube will
be about 30mm, at the width of the settlement trough of about
70m. The aggregate settlement curve shows the settlement after
the excavation of both tunnel tubes at about 30mm (see Fig. 3).

The calculation for the portal section, the cross-section 3 - 3,
determined the maximum settlement of the surface on the centre
line of the NTT due to the excavation at about 55mm, at the width
of the settlement trough of approximately 63m. The aggregate
settlement curve shows the settlement after the excavation of both

tunnel tubes at about 60mm (see Fig. 4).
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Vypocet na priportdlovém dseku v fezu 3 — 3 stanovil maximalni The settlement values and the extent of the settlement trough
pokles povrchu tdzemi v ose tunelu pfi razbé severniho tunelu STT depend on many factors, first of al on the excavation advance rate,
hodnotou cca 55 mm pfi §ifce poklesové kotliny cca 63 m. Vyslednd excavation procedure and execution of the temporary tunnel
Cdra poklest po razbé obou tuneli stanovuje celkovy pokles lining. With respect to this dependence, the theoretical calculati-
v hodnoté cca 60 mm, obr. 4. ons must be considered to be only a prognosis.

Hodnoty poklesi a rozsah poklesové kotliny jsou zdvislé na The eastern portal is located in the close vicinity of a rampart,
mnoha faktorech, obzvl4sté viak na rychlosti a zplisobu razeb a na where an aggregate settlement of 60mm is theoretically predicted by

the prognosis. The consequences of the excavation will be probably
alleviated by means of the jet grouted excavation support which will
be installed ahead of the excavation face. This support, however,
cannot be unambiguously introduced into the model. The develop-
ment of the settlement and the width of the settlement trough will be
followed in the framework of the geotechnical monitoring. When the
initial experience of the excavation is obtained and, above all, the
geological situation at the portal sections is refined and verified (wit-
hin the framework of the excavation of the trenches in front of the
portals), the results of theoretical calculations will be confronted
with the reality and, if necessary, verified by means of another mat-

provadéni provizorniho osténi tunelu. Vzhledem k této zavislosti je
nutno brat teoretické vypocty jako prognézu.

Vychodni portdl je umistén v tésné blizkosti hradebni zdi, kde
v fezu 3-3 je teoreticky prognézovdn celkovy pokles 60 mm.
Zajisténim razby v predstihu tryskovou injektdZzi, kterou nelze jed-
noznacné ve vypoctu modelovat, budou dusledky razby na povrch
pravdépodobné sniZeny. Vyvoj poklest i rozsah poklesové kotliny
bude sledovdn v rdmci geotechnického monitoringu. Po prvnich
zkuSenostech s razbou a zejména po upresnéni a potvrzeni geolo-
gické situace na portdlovych dsecich (v rdmci hloubenf{ portdlovych

jam) budou vysledky teoretickych propoctii konfrontovdny se sku- hematical model, so-called back analysis. It is possible to state on
teCnosti a pripadné ovéfeny dalsim matematickym modelem, tzv. the basis of the completed calculations that the maximum settlement
zpétnou analyzou. Na zdklad€ provedenych vypocti 1ze konstatovat, values should not exceed 60mm and the settlement trough will affect
Ze maximdlni poklesy by nemély preséhnout 60 mm a $ifka pokle- the ground surface up to a maximum distance of 40m from the tun-
sové kotliny zasdhne povrch tzem{ v §ifi max. 40 m od osy tunelu. nel centre line.
DOPAD NA POVRCHOVOU ZASTAVBU THE IMPACT ON SURFACE BUILDINGS AND UTILITY
A INZENYRSKE SITE V NADLOZ( NETWORKS IN THE OVERBURDEN

Tunely v dseku mezi ulici Myslbekovou a Pra§nym mostem jsou The tunnels in the section between Myslbekova Street and the
vedeny v prostoru s minimalni zdstavbou a pfimo v nadloZ{ se nevy- PraSny Bridge run under a sparsely developed area and no residenti-
skytuje 74dny obytny & administrativni objet. Tunely vsak vedou al/administration building is found directly above the tunnel.
pod pamitkové chranénou historickou konstrukci opevnéni — However, the tunnels lead under a listed monument, a rampart,

which is a brick lined stone masonry structure. This structure must
be paid maximum attention during the tunnel excavation and the
impact of the excavation on it must be minimised. The excavation
under the historic rampart is designed to be protected by jet grouting
carried out ahead of the excavation face, which will significantly
reduce the impact of the excavation on the surface. The
“Orphanage” building, which is today used by the Ministry of
Culture, and historic buildings lining the northern side of Jeleni
Street are found in the vicinity of the tunnel route, at the edge of the
settlement trough. The design protects those buildings by means of
“curtains”, which will be installed prior to the excavation. The cur-
tains will significantly reduce the impact of the excavation on the

kamenné hradby s cihelnou obezdivkou. Této konstrukci je nutno
béhem razeb vénovat maximdlni pozornost a dopady razeb na ni
minimalizovat. RaZba pod historickym opevnénim je navrZzena pod
ochranou v predstihu provddéné zajiStujici tryskové injektdze, kterd
vyrazné omezi dopady raZby na povrch. V blizkosti trasy tuneld, na
pokraji poklesové kotliny se nachdzi objekt ,,Sirotéince”, nyni
v uzivédni ministerstva kultury a fadové zédstavba historickych budov
podél severni strany ulice Jeleni.

Na ochrénéni této zdstavby jsou navrZeny v predstihu provedené
»clony®“. Clony vyrazné omezi dopad provadénych razeb na objek-
ty, coZ bylo ovéfeno provedenymi vypolty. Konstrukéné se jednd

o podzemni pilotové stény, které jsou vetknuty do skalniho podkla- structures; this fact has been verified by calculations. The curtains
du. Vyvoj poklesové zony vSak zasdhne kfiZujici a soubéZné inZe- will have the form of piled retaining walls, which will be keyed into
nyrské sité. Hlavnim predmétem zdjmu ochrany budou sité, u nichZ the bedrock. However, the developing settlement trough will affect
je bezpodmine¢né nutné béhem provadéni tuneld zachovat funkc- the utility networks crossing or running parallel to the tunnel. The
nost. Jednd se predev§im o kanalizaéni sit'a vysokotlaké plynovod- main focus of the protection will be on the networks which will have
nf vedeni. Z vysledki modelu vyplyvd, Ze tyto sit€ budou s urlitosti to be unconditionally operable throughout the tunnel excavation,
zatizeny poklesy. K jejich omezen{ bude nutno provddét dodate¢nd such as sewerage and high-pressure gas lines. It follows with abso-
stavebni nebo technologickd opatien. lute certainty from the results of the model that the settlement will
exert a load on the networks. Additional structural and technological
ZAVER measures will have to be implemented to reduce the settlement.

Provedenym matematickym modelem a jeho vysledky byla ové- CONCLUSION
fena proveditelnost raZenych tunelu navrZzenou technologii NRTM,
vystupy ddle slouzily pro ndvrh definitivniho Zelezobetonového
osténi. Podstatnym vystupem provedeného vypoctu je zejména vliv
tuhych pilotovych stén umisténych v blizkosti objekti povrchové
zdstavby, které vyrazné pozitivné ovlivni prabéh poklesové kotliny.
Cilem tohoto feSeni je vyhnout se provizornim zajiStujicim kon-
strukcim v dotéenych objektech, kde by doslo bud k neZidoucimu
omezeni provozu, nebo k nezddoucimu zdsahu do konstrukei histo-
rickych objekti. Konstrukce barokniho opevnéni bude nejvice
ovlivnéna u vychodniho portdlu (oblast Prasného mostu), pro sniZe-
ni vlivu deformaci je zde technologie razeb doplnéna o vodorovné

The viability of the mined tunnel construction by the NATM tech-
nique was verified by the mathematical model and its results. The out-
puts were further used for the final reinforced concrete design. The
substantial output of the completed calculation is, above all, the effect
of rigid pile walls located in the vicinity of existing surface buildings,
which will significantly positively affect the development of the sett-
lement trough. The objective of this solution is to avoid temporary
support structures to be installed in the affected buildings, which
would cause either undesired restriction of the operation or unwanted
structural impacts on historic buildings. The structure of the Baroque
rampart will be most of all affected at the eastern portal (the Prasny

tryskové injektdZe, provadéné z elby raZenych tunelii. Bridge area); horizontal jet grouting ahead of the mined tunnel exca-
. vation face is added to the means of excavation in this area.
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Poznamka: Animaci modelovani uvedeného problému metodou Notice: For the animation of the above problem by means of the

kone&nych prvki (MKP) lze najit na webovych strdankéch: Finite Element Method (FEM) kindly visit the web pages:

www.ko-ka.cz a www.pudis.cz www.ko-ka.cz and www.pudis.cz




