e

2005

TouofiHel

CASOPIS CESKEHO TUNELARSKEHO KOMITETU A SLOVENSKE) TUNELARSKEJ ASOCIACIE ITA/AITES
MAGAZINE OF THE CZECH TUNNELLING COMMITTEE AND SLOVAK TUNNELLING ASSOCIATION ITA/AITES




14. rocnik - €. 4/2005

VAZENI CITATELIA CASOPISU TUNEL, MILI KOLEGOVIA,

je mi ctou a poteSenim, Ze s viac ako trojro¢nou prestavkou sa
mi dostdva opdt prilezitost pribliZit' na strankach ndsho Casopisu
Ceskym a slovenskym tuneldrom, ale i stdle sa zvdcSujicemu
okruhu citatelskej verejnosti novoty a vyznamnejSie udalosti,
ktoré sa za posledné obdobie dotykaju nasej firmy.

NajzdvaznejSou, a ¢o sa tyka zvySenia hodnoty firmy najvy-
znamnejSou, zmenou je zhruba pred rokom uskutoneny vstup
nového vicsinového vlastnika. Je nim so 66% udcastou na majet-
ku Vidhostavu — Tunely a Specidlne zakladania §vajciarska sta-
vebnd spolo¢nost MARTI. Ide o rodinny podnik vlastneny jedi-
nym akciondrom, ktory ako predstavitel' tretej generdcie piSe
v tomto ¢ase uZ osemdesiatytreti rok firemnej histérie.

Je samozrejmé, Ze preukdzat’ takito Zivotaschopnost a vypra-
covat'sa na tretiu poziciu, ¢o sa tyka velkosti medzi §vaj¢iarsky-
mi stavebnymi firmami, by nebolo byvalo moZné bez sustavnej
snahy o zavddzanie tych najmodernejSich technoldgii, ale tieZ
bez tak potrebnej ddvky podnikatelského Stastia. Je technickym
zazitkom sledovat’ vyvoj strojného vybavenia firmy zacinajicej
v roku 1922 podnikanim v cestnom staviteIstve, pokracujic
uz§im zameranim sa na sortiment priac v Specidlnom zakladani
a sledovat, ako firma dnes dominuje pri realizdcii velkych tune-
lovych projektov. Popritom, Ze firma nevynechdva Ziadny z celé-
ho sortimentu stavebnych préc, ovldda aj prefabrikdciu a vyrobu
technologickych komponentov pre logistiku stavieb.

Vstup strategického partnera bol zaviSenim dlhodobejSieho
procesu. Boli sme si vedomi, Ze naSa ambicia zicastnovat sa pra-
videlne na vystavbe velkych projektov v podzemnom stavitelstve
vyZaduje také dispozicie, ktoré by boli vlastnymi silami nedosia-
hnutelné. Na strane MARTI zas vSeobecny trend svetovej globa-
lizacie, ale v prvom rade zaclenenie naSich krajin do eurdpskej
integrdcie, prezieravému podnikatelovi diktoval primeranym
sposobom na tento vyvoj reagovat. Vysledkom je, Ze Vdhostav —
Tunely a $pecidlne zakladania sa stal od augusta 2004 sticastou
Marti-Group.

Je predéasné vyrieknut teraz kone¢né hodnotenie o dosledkoch
vstupu vicSinového akciondra, ale uZz doterajSie skisenosti ma
oprdvnuju prehldsit, Ze ako pre firmu, tak i pre pracovnikov a aj
akciondrov sme vykonali sprdvnu volbu. Som presvedceny, Ze
spojenie tradicie s progresivnymi technolégiami a remeselnou
zrunostou naSich Tudi potvrdi pri dostatku prileZitosti moj
predpoklad.

DEAR READERS, COLLEAGUES,

I’m very happy that again, after an over three-year break, I have
the pleasure to inform Czech and Slovak tunnel constructors as well
as the expanding number of Tunel magazine readers on novelties
and the most significant events concerning our company.

The most significant and, regarding the increase of company
value, the most important event is the entry of the new majority
owner approximately one year ago. The majority owner holding
66 % of Vahostav-Tunely a Specidlne zakladanie company shares
is MARTI, a Swiss construction company. MARTTI is a family-
owned business owned by one person who, as a representative of
the third generation, is already writing the eighty third year of the
company’s history.

It is obvious that this vitality and the third position among
Swiss construction companies in terms of the size could not have
been reached without unremitting effort to implement state-of-
the-art technologies, but also without a bit of necessary business
luck. It is a thrilling technical experience to follow the develop-
ment of company’s equipment starting in 1922 in the region of
road construction, and continuing in a narrower field comprising
the assortment of specialist foundation operations. Today we can
see a company that represents first positions in executing large
tunnel projects without omitting anything from construction
works and having the skills in prefabrication and production of
technological components which are used for logistics of con-
structions.

The entry of the strategic partner into the company concluded
a rather long-term process. It was clear that our ambition to par-
ticipate regularly in large underground construction projects
required resources that would not have been reachable on our
own. MARTI, as a far-sighted businessman, following the world
globalisation trend combined with the integration of our countri-
es into the European structures, was compelled to react to such
development. This is how Vdhostav-Tunely a Specidlne zaklada-
nia has become part of the Marti-Group, since August 2004.

It is too early to express final judgement regarding the impact
of the majority owner’s entry on our company. However, experi-
ence gained so far suggests that it was a correct decision, benefi-
cial both for the employees and shareholders. I am convinced that
connecting the tradition with progressive technologies and pro-
fessional skills of our personel will make my point.

sy

Ing. Gustav Schnierer
Predseda predstavenstva a generainy riaditel
Vahostav - Tunely a Specialne zakladania, a. s.

Chairman of board of directors, CEO
Vahostav - Tunely a $pecialne zakladania, a. s.




Toel

14. rocnik - €. 4/2005

RAZENIE TUNELOVYCH USEKOV METRA V KVARTERNYCH
SEDIMENTOCH V MNICHOVE

DRIVING METRO TUNNEL SECTIONS THROUGH QUATERNARY
SEDIMENTS IN MUNICH

DUSAN SVAJDA

VSEOBECNY OPIS STAVBY

Usek metra na severe Mnichova s ndzvom U-Bahn — Linie Nord 3,
Baulos 1, je dlhy 1955 m. Zacina od stanice Olympia-Einkaufzentrum,
ktord je novovybudovand v rdmci inej stavby, ako mimotrovnova sta-
nica s krizovanim dvoch trds. Razeny usek prechddza po 1180 m do
stanice Olympiapark-Nord. Samotnd stanica je dlhd 230 m, je plytko
zaloZend a vybudovand pod ochranou podzemnych monolitickych
stien, pricom jej 120 m dlhé stredové ndstupiste leZi pod terénom
11,5 m. Mimoriadnym prvkom tejto stanice je séria za sebou iddcich
pyramidovo tvarovanych streSnych svetlikov, ktoré rozlahld stani¢nd
halu osvetluji dennym svetlom. Trasa sa nésledne prudko toci pod
pasmom parkovej zelene obytnych domov a pozdlz ulice Lerchenauer-
strafle pokracuje do existujicej stanice Olympiazentrum.

Geologické pomery v tejto Casti Mnichova su tvorené kvartérom —
Strkmi a pieskami do hlbky priblizne 8 — 14 m pod droviiou terénu.
Hladina podzemnej vody sa nachddza cca 4 m pod povrchom terénu.
Pod kvartérnymi sedimentmi sa nachddzaju terciérne hliny, ily a spra-
Se, velmi Casto so SoSovkami jemného piesku, vyplnené tlakovou
vodou. Pre razenie tunelov a stvisiace odvodnovacie prce je priebeh
hranice kvartéru a terciéru velmi délezité poznat’ a prihliadat’ podla
neho na spdsob postupu tunelovych préc.

Plytko zaloZend trasa v blizkosti novobudovanej stanice Olympia-
park-Nord umoznovala z viacerych moZnych technologickych
postupov razenia v kvartérnych sedimentoch uprednostnit’ rieSenie
vytvorenia tesniacej vane, z ktorej bola nepretrzite pocas vystavby
odcerpdvand spodnd voda. Tak to bolo na zdpadnej strane, pokial tune-
lové useky neboli tak hlboko, Ze boli vo vodonepriepustnych terciér-
nych hlindch a floch s prislusnou nepriepustnou hlinovou vrstvou
v strope hribky 1,0 — 1,5 m.

Na vychodnom tunelovom tseku, tvorenom z dvoch jednokolajo-
vych tunelov prierezu 41 m?2, bolo zhotovenie tesniacej vane po
50 metroch vylicené, pretozZe by bol potrebny velky zdsah na prirod-
nom okoli obytnych domov (100 metrov dlhy navySeny parkovy
dsek). Podla projektu bol napldnovany nakladnejsi postup, a to razenie
v stlaCenom vzduchu, v kombinécii s injektovanim Strko-piescitého
nadloZia. V priepustnych zemindch totiZ stlaceny vzduch unika z tune-
la ¢elom vyrubu a treba ho intenzivne dopliovat.

Obr. 1 Materidlovd komora
Fig. 1 Material chamber

DESIGN IN GENERAL

The underground railway section in the north of Munich named U-Bahn
— Linie Nord 3, Baulos 1 is 1,955m long. It starts from the Olympia-Ein-
kaufzentrum, which was newly built in the framework of another project
as a grade-separated junction station, runs along a 1,180m long section
before entering the Olympiapark-Nord station. This 230m long station,
founded shallow under the surface, is constructed in an open box suppor-
ted by monolithic diaphragm walls. Its 120m long platform is found at
a depth of 11.5m under the ground surface. A special feature of this stati-
on is a series of sequential pyramid-shaped rooflights providing daylight
in the station hall. Subsequently the alignment turns steeply to the existing
Olympiazentrum station.

Geological conditions in this area of Munich consist of the Quaternary,
i.e. gravels and sands up to a depth of about 8 — 14m under the ground sur-
face. The water table is found approximately 4m under the ground surfa-
ce. The Quaternary sediments are underlain by Tertiary loams, clays and
loess, very frequently with pressure water charged lenticular deposits of
fine sand. It is very important for the tunnel excavation and associated
installation of drainage to know the course of the Quaternary — Tertiary
interface, and to accommodate the work procedure accordingly.

The near-surface alignment in the vicinity of the newly built station
Olympiapark-Nord allowed selection of one solution out of several pos-
sible techniques of driving the tunnel through the Quaternary sediments.
The preferred solution was the creation of a bath-tub-like sealing system,
with the ground water removed by continual pumping during the con-
struction phase. This was the case of the western side, where the tunnelled
sections were not so deep, and they passed through waterproof Tertiary
loams and clays with the relevant waterproof loam layer at the roof
1.0 — 1.5m thick.

Regarding the eastern tunnel section consisting of two single-track
tunnels with cross-sections of 41m? each, the creation of a bath-tub-like
sealing system after 50m was impossible because it would have meant
a significant impact on the natural environment of the existing residential
buildings (a 100m long elevated park section). A more costly method was
planned according to the design, namely the tunnel excavation in com-
pressed air conditions, combined with injecting grout into the gravel-sand
overburden. The reason was the fact that compressed air escapes from the
tunnel driven through permeable ground via the excavation face. An inten-
sive air supply is then necessary.

Due to the shallow overburden there was a potential for the compressed
air that it would find a path connecting it with the ground surface, and the
reserves in compressors would not be sufficient for coping with this escape.

Increasing the pressure at the workplace was the means allowing the
excavation of the tunnelled sections of the underground railway even
through water saturated sands and gravels. The compressed air prevented
water from entering to the tunnel through the excavation face, an also for-
ced the water from the closest vicinity of the excavated opening.

The air pressure in the tunnel had to be, and always was, higher than the
hydrostatic pressure ahead of the face. Because the tunnel alignment sank
to greater depths once the tunnel had left the station, where it passed
through impervious Tertiary layers, then immediately rose again continu-
ally up to the Olympiazentrum station with its cover depth of 4.0m, the air
overpressure was not constant. It varied from 0.65 bar at the maximum
depth to 0.36 bar.

TUNNEL EXCAVATION IN COMPRESSED AIR

Regarding tunnel excavation in compressed air we can state that a pres-
sure below 1.0 bar is low overpressure without harmful physiological
effects, causing no health trouble.
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Obr. 2 Tretia ast’persondlnej komory
Fig. 2 Third section of the personnel chamber

Z ddvodu nizkeho nadloZia bolo riziko, Ze stla¢eny vzduch si ndjde
spojenie s povrchom a nebude mozné jeho unikanie zvladnut' rezervou
v kompresoroch.

Zvysenie tlaku vzduchu na pracovisku bolo tym prostriedkom, ktory
umoznoval razit’ tunelové trasy metra aj v zvodnelych pieskoch a §tr-
koch. Stla¢eny vzduch branil vode vnikat cez ¢elbu do tunela a vytla-
¢al ju z najblizsieho okolia vyrubu.

.....

vody pred celbou. PretoZe trasa tunela po vyjdeni zo stanice klesala do
niz§ich hlbok vodonepriepustnych terciérnych vrstiev a vzépéti plynu-
lo stiipala az po stanicu Olympiazentrum, kde dosahovalo nadloZie nad
tunelom 4 m, nebol pretlak vzduchu konS$tantny, ale od maximadlne;j

hibky, ked bola hodnota 0,065 MPa, klesal a7z po hodnotu 0,036 MPa.

RAZENIE TUNELOV V PRETLAKU VZDUCHU

Pre razenie v pretlaku sa dd povedat,, Ze tlak mensi ako 0,1 MPa je
maly pretlak, ktory nemd Skodlivé fyziologické u€inky a nevyvoldva
pracovné tazkosti.

Podla nemeckych predpisov je mozné pri tlaku menSom ako
0,1 MPa pracovat’ 8 hodin denne, pri¢om po piatich diioch musi byt
dvojdnova prestavka.

Pri va¢som pretlaku vzduchu, najmé pri hodnote viac ako 0,15 MPa
dochddza k nepriaznivym fyziologickym d¢inkom, vykonnost' klesa
a musia byt skracované zmeny na max. 4 — 6 hodin.

Razenie v kvartérnych sedimentoch pri vécsich hlbkach pod hladi-
nou podzemnej vody je ndkladné, a to tym viac, ¢im viac sa tlak vzdu-
chu priblizuje k hranici 3,5 atmosfér, ktord sa povazuje za najvyssiu
fyziologicky pripustnd mieru pretlaku vzduchu pri préci v tuneloch.

V poslednych 2 — 5 rokoch bola tato technoldgia v Nemecku velmi
zauzivana a dé sa povedat’,,médna“. V rokoch 2003 — 2004 prebiehali
len v samotnom Bavorsku Styri razenia tunelov za pomoci pretlaku
vzduchu. Bolo to v Ingolstadte, Norimberku, Mnichove — Garchingu
a v Mnichove — Olympiapark. Na troch pracoviskach bol tlak pod hra-
nicou 1,5 baru, na jednom — v Mnichove — Garchingu bol pracovny
pretlak vzduchu 1,9 baru.

Pri razenf tunela pod ochranou stlaceného vzduchu je potrebné pra-
covisko pri vstupe do tunela oddelit' od ostatnych priestorov pretlako-
vymi komorami, cez ktoré sa zabezpeCuje prechod pracovnikov
a doprava materidlu medzi priestorom so zvySenym tlakom vzduchu
a priestorom s normdlnym tlakom vzduchu. Pretlakové komory boli
v Mnichove ocelové v podobe horizontdlnej tlakovej nddoby. V celach
ocelovych valcov boli dvierka s gumovym tesnenim. Pri doprave pre-
tlakovou komorou sa tlak vzduchu v komore pozvolna upravoval tak,
aby sa vyrovnal bud so zvy$enym tlakom na jednej strane, alebo s nor-
malnym tlakom na druhej strane.

Pre faranie a vstup osddky bola k dispozicii trojpriestorové pretla-
kova komora pre maximalny pocet 16 pracovnikov. Paralelne s nou sa
nachddzala 22 m dlh4 materidlovd komora, do ktorej sa zmestila loko-
motiva s tromi velkokapacitnymi vozmi (obr. 1).

Jednotlivé priestory pretlakovych komor boli pospdjané ventilmi,
ktorymi sa reguloval tlak v komore. V persondlnej komore sa pri zvy-
Sovani tlaku doddval Cerstvy stlaceny vzduch z kompresorovne.
Jednotlivé dvierka komdr sa ako vsade aj tu otvarali do priestoru so

Obr. 3 Ocelbvd tlakovd stena s materidlovou a persondlnou komorou
Fig. 3 Steel bulkhead with the material and personnel chambers

According to German regulations, it is possible to work under the pres-
sure lower than 1.0 bar for 8 hours a day, with a 2-day break after 5 days.

Working under higher air overpressure, mainly over 1.5 bar, is associa-
ted with harmful physiological effects, reduced effectiveness, and the
shifts must be shortened to a maximum of 6 hours, even 4 hours.

Tunnelling through Quaternary sediments at greater depths under the
water table is costly, the costlier the more the air pressure approaches
a limit of 3.5 atmospheres, which is considered as the highest physiologi-
cally allowable level of air pressure for excavation work.

This technology has been used in previous 2 — 5 years frequently in Ger-
many, we can say as “modern” technology. In 2003 — 2004, there were
four tunnelling project in Bavaria itself using the positive air pressure
methods, namely in Ingolstadt, Nuremberg, Munich — Garching and
Munich — Olympiapark. The pressure was under the limit of 1.5 bar at
three headings; one heading (Munchen — Garching) was driven under the
working overpressure of 1.9 bar.

The tunnel excavation technology using positive air pressure requires
separation of the working place at the tunnel entrance from the other spa-
ces by hyperbaric chambers allowing movement of workers and materials
between the space under the positive air pressure and the space with nor-
mal air pressure. Steel hyperbaric chambers were used in Munich, in the
form of a horizontal pressure vessel. Doors with rubber gaskets were
installed at the ends of the steel cylinders. During the transport through the
chamber the air pressure was slowly changed to equalise either with the
increased pressure on one side, or with the normal pressure on the other
side.

A triple hyperbaric chamber was available for the entry of crews (maxi-
mum 16 workers). A parallel 22m long material chamber was able to
house a locomotive with three large-capacity cars (see Fig. 1).

Individual spaces of the hyperbaric chambers were interconnected by
valves controlling the pressure in the chamber. Fresh air was supplied to
the personnel chamber during the process of increasing the pressure from
a compressed air generation plant. As usual, individual doors of the cham-
bers opened to the space with increased pressure, therefore they were for-
ced against the door casing and could not open until the pressures on both
sides equalised.

The material chamber could operate very quickly. It could not be used
for personnel transport. It was controlled only from outside — by the ope-
rator of hyperbaric chambers, who was present continuously. This system
made any misuse or unauthorised entry by undisciplined workers impos-
sible.

The personnel chambers were equipped with benches and electrical
heating. Thus the crews were protected from getting cold through during
the process of decompression, when the temperature drops due to the air
expansion (see Fig. 2).

The rate of the pressure change was checked by pressure gauges. The
hyperbaric chambers were equipped with stand-by valves in case of
a defect, and with telephone and camera connection with the outer space,
i.e. with a responsible continuous service person — the worker who opera-
ted all hyperbaric chambers.

Compressed air was supplied to the tunnel from a compressed air gene-
ration plant equipped with 6 compressors. Two compressors ran continu-
ally, the other four compressors were for stand-by purposes, to be used in

case of increased demand.



Obr. 4 Hnané pazenie z ocelbvych plechov
Fig. 4 Forepoling using steel sheets

zvySenym tlakom, takZe boli pretlakom pritlacené a nebolo mozné ich
otvorit, kym sa tlaky na obidvoch stranach dvierok nevyrovnali.

Materidlova komora mohla pracovat velmi rychlo a nemohla sa pou-
zit pre dopravu osdb. Ovladand bola len zvonku — obsluhou pretlako-
vych komor, ktora tu bola nepretrzite, ¢im nemohlo déjst’k zneuZitiu,
poruseniu vstupu nedisciplinovanymi pracovnikmi.

V priestoroch osobnej — persondlnej pretlakovej komory boli lavice
a boli elektricky vykurované, ¢im sa chranila osddka pred prechladnu-
tim pri dekompresii, pri ktorej klesd teplota rozpinajiceho sa vzduchu
(obr. 2).

Na kontrolu rychlosti, ako sa meni tlak, sa pouZzivali manometre.
Pretlakové komory mali rezervné ventily pre pripad poruchy a tele-
fonne a kamerové spojenie s vonkajSim priestorom so zodpovednou
nepretrzitou sluZzbou — pracovnikom, ktory vsetky pretlakové komory
obsluhoval.

Stlaeny vzduch do tunela bol doddvany z kompresorovne, ktord
mala 6 kompresorov. Dva kompresory boli v prevddzke nepretrzite,
dalsie $tyri boli ako rezervné pre pripad zvysenej — mimoriadnej spo-
treby.

Stlaceny vzduch bol vyrdbany Specidlnymi, na tento tcel vyrobeny-
mi kompresormi, pri¢om bol stlateny vzduch chladeny a Cisteny.

Pre pripad poruchy v dodédvke el. pridu bol k dispozicii silny zdloz-
ny elektroagregit.

V kompresorovni bola vy¢lenend uzamykatelnd miestnost’s pocita-
¢om a hlavnou ovlddacou skrinou, kde poc&itad evidoval, zaznamena-
val a riadil ¢innost’ vSetkych kompresorov. Z tejto ,,dozorne” bolo
automatické telefonické spojenie na nddzovy mobil zmenového inZi-
niera hlavného zhotovitela a nezdvislé samostatné spojenie na stalu
obsluhu pretlakovych komor.

RAZENIE DVOCH JEDNOKOLAJOVYCH TUNELOV
A TECHNOLOGICKE - STROJNE ZARIADENIA PRE RAZENIE
V PRETLAKU VZDUCHU

Raziace préce zacali v mesiaci jin 2003 zarazenim obidvoch tune-
lovych riir zo stanice Olympiapark-Nord na dlzku 51 m. Razenie pre-
biehalo v priestore tesniacej vane, vytvorenej podzemnymi stenami
tryskovou injektazou. Usek bol vyrazeny za atmosférickych podmie-
nok, pri ¢erpani vody zo studni v priestore vane, pri pouZit{ hnaného
paZenia ocelovymi plechmi a delen{ Celby na kalotu, stupen a dno.

Nisledne boli nedaleko od $tartovacieho portalu v kazdej tunelovej
rire osadené ocelové tlakové steny, pricom v jednej boli umiestnené
materidlovd a persondlna pretlakovad komora (obr. 3) a v druhej tlako-
vé vrita, cez ktoré bolo mozné v pripade vicSej poruchy vymenit'tune-
lové stroje za podmienky odtlakovania celého tunela. Vrita boli pocas
vystavby pouzité dvakrit. V prvom pripade sa vymienal tunelovy
bager Schaeff za bager LIEBHERR 912 a v druhom pripade sa vybe-
rala z podzemia vrtnd sdprava, s ktorou sa vitali 20 m dlhé vrty pre
injektaZ $trkov v nadstrope tunela, pretoze v dalsom tdseku bolo pro-
jektom stanovené injektovanie nadstropnej Casti a aj ¢elby z povrchu
dzemia.

Zakryvajica injektdZ nadstropnych Strkopieskovych vrstiev
k zmierneniu ich vzduchopriepustnosti pre razeni v pretlaku vzduchu
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Obr. 5 Vylom kaloty tunelovym bagrom so zdberom 1,0 m
Fig. 5 Top heading excavation with a tunnel excavator; round length of 1.0m

Compressed air was generated by special purpose-made compressors,
and the compressed air was cooled and purified.

A heavy diesel generating set was on standby, ready to power up the
system in case of a power failure.

A lockable room was singled out in the compressed air station. It con-
tained a computer and the main control box, where the computer recorded,
filed and controlled the operation of all compressors. The automatic telep-
hone connection from this “control room” was directed to the mobile
phone of the main contractor’s shift agent, and an independent connection
led to the permanent operator of the hyperbaric chambers.

EXCAVATION OF TWO SINGLE-RAIL TUNNELS AND
EQUIPMENT FOR EXCAVATION IN COMPRESSED AIR

The excavation started in June 2003 by driving initial 51m of both tubes
from the Olympiapark-Nord station. The excavation was carried out under
the protection of a bath-tub-like sealing system consisting of jet grouted
diaphragm walls. This section was excavated under normal atmospheric
pressure, with water pumped from wells located in the space of the bath-
tub-like system, using steel sheet forepoles and an excavation sequence
consisting of top heading, bench and invert.

Steal pressure bulkheads were erected subsequently near the starting
portal in each tunnel tube. One tunnel tube housed the material and per-
sonnel hyperbaric chambers (see Fig. 3); a pressure gate was installed in
the other tube. The gate allowed replacement of tunnelling equipment in
case of a serious defect, under a condition of depressurising the entire tun-
nel. The gate was used twice during the construction. The first case was
the replacement of a Schaeff tunnel excavator by a LIBHERR 912 exca-
vator; the other occasion was the removal of a drilling rig from the tunnel,
which had drilled 20m long boreholes for grouting of gravels in the over-
burden, because the design required the grouting of the overburden and
face within the next section to be carried out from the ground surface.

The sealing grouting of the gravel-sand layers in the overburden,
designed to reduce their airproofing properties during the excavation in

Obr. 6 Kolujovd technoligia odtazby s nakladacom
Fig. 6 Track-bound mucking out equipment with a loader
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Obr. 7 Zaistovanie vylomu striekanym beténom mokrou cestou
Fig. 7 Excavation support by shotcrete — wet process

bola vykondvana len v tych tsekoch, kde profil tunelov vystipal do
kvartérnych Strkov a Strkopieskov.

V tseku s nadlozim od 8 — 14 m bola vykondvand injektdz z tunela,
priCom si injektdZnici a razi¢i vzdjomne vymienali Celby kazdych
14 m (striedanie celieb).

V tseku s nadloZim od 4 do 8 m (110 m tsek pred vstupom do
existujucej stanice) bola injektdZ vykondvand z povrchu — z tGrovne
terénu, pricom bola premdvka postupne, podla potreby umiestnenia
vrtnych stprav, presmerovavana.

K podopreniu stropu vylomu, ktory v sypkych Strkoch by sa vysy-
paval, museli byt vrtnym kladivom zardzané plechy ako hnané paze-
nie. K tomuto tcelu bola k dispozicii k bagru nadstavba ramena s hyd-
raulickym vrtnym kladivom (Deilmann-Haniel) (obr. 4).

Pri raziacich pracach v pretlaku vzduchu mozu byt' v zasade pouzi-
té len elektrohydraulické zariadenia, aby sa pracovné ovzdusie nezhor-
Sovalo spalinami motorov. Tu boli pouZité elektricky tunelovy pasovy
bager LIEBHERR 912 (obr. 5), pasovy naklada¢ Deilmann-Haniel
(obr. 6) s bo¢nym ndsypom k nakladaniu troch velkokapacitnych kola-
jovych vozov s bo¢nym vysypom (Miihlhduser) v Startovacej jame.
Kolajova doprava bola zabezpecovana dvomi akumuldtorovymi loko-
motivami Clayton.

K zabezpeceniu otvdraného vylomu a Celby strieckanym beténom bol
pouzivany systém striekania mokrej zmesi (obr. 7). Tdto bola zamie-
Savand v Startovacej Sachte v betondrke, pricom kamenivo s cementom
a chemickou prisadou boli na stavbu dovdzané ako prefabrikovand
suchd zmes a uskladfiovand v dvoch 30 m? silach pri betondrke. Po
automatickom zamieSani zmesi (cez vdhy) s vodou bola zmes do tune-
la dopravovand lokomotivou dvomi kolajovymi domiesava¢mi (Miihl-
héuser) k ¢erpadlu beténovej zmesi (Meyco) (obr. 8).

ZAVER

Praca v stlac¢enom vzduchu sa méZze pouzit' v kombindcii s viacery-
mi tunelovacimi metédami, ale najCastejSie sa pouziva pri razeni S§ti-
tom, alebo takym spdsobom ako pri vystavbe metra v Mnichov: s hna-
nym paZenim a metédou strickaného beténu. Kedze nebezpedenstvo
ochorenia sa vyrazne znizuje pri praci v pretlaku vzduchu pod hrani-
cou 0,1 MPa, pouziva sa stla¢eny vzduch v kombindcii s normalnym
razenim, ako rieSenie prechddzania najhor§ich tsekov, a ako zdloha
pre najhorsie pripady. PiesCité zvodnelé vlozky a tekuté piesky sa
vyrazne lahSie zvladaji pri pouZziti metddy stlaceného vzduchu.

Pouzitie stlaceného vzduchu v zloZitych geologickych podmienkach
sa na dzemi Slovenska v minulosti nezaznamenalo napriek tomu, Ze
v 60. rokoch bola tiato metdda velmi pouzivana v Statoch vychodného
bloku, a to pri vystavbe metra a kanalizacnych $tdlni vo VarSave,
v Budapesti, v Moskve a Leningrade. Je mozné, Ze raz vyuZiju pred-
nosti tejto metddy aj slovenski tuneldri napr. v kvartérnych sedimen-
toch Bratislavy.

ING. DUSAN SVAJDA,
svajda@vahostav-tsz.sk,
Vdhostav — Tunely a Specidlne zakladania, a. s.

Obr. 8 Vyroba mokrej zmesi SB a vykldpanie vozov umiestnené v Startovacej jame
Fig. 8 Production of shotcrete wet mix and tipping of cars in the starting chamber

compressed air, was carried out only in the sections where the profile
rose to the level of the Quaternary gravels and sands.

The grouting in sections with the overburden 8 — 14m thick was perfor-
med from within the tunnel. The grouting crews and miners exchanged the
excavation faces every 14.0m (alternation between excavation faces).

The grouting in sections with the overburden 4.0 to 8.0 m thick
(a 110m long section before the entrance to the existing station) was per-
formed from the ground surface; the traffic was diverted step by step, as
required by the needs of positioning the drilling rigs.

Steel sheets were used as forepoles driven by a hammer drill to support
the excavation roof and prevent loose gravels from pouring out. The exca-
vator was equipped with a hydraulic hammer drill attachment (Deilman-
Haniel) (see Fig. 4).

Basically, only electro-hydraulic equipment can be used when working
in compressed air, so that the working atmosphere is not spoiled by
exhaust gases. This project used electrical crawler tracked tunnel excava-
tor LIEBHERR 912 (see Fig. 5), crawler tracked side-discharging loader
Deilmann-Haniel (see Fig. 6) for loading three large-capacity side-tipping
rail cars (Miihlhauser) in the starting shaft. Rail-bound haulage was provi-
ded by two battery-powered locomotives Clayton.

The excavated opening and excavation face were supported with shotc-
rete applied using the wet process (see Fig. 7). The wet concrete mixture
was prepared in a batching plant installed in the starting chamber, from
aggregates, cement and chemical additive supplied to the site in the ready-
mix form and stored in two 30m? silos at he batching plant. After automa-
tic batching and mixing of the components with water, the mixture was
transported by the locomotive in two rail-bound mixers (Miihlhauser) to
the concrete pump (Meyco) (see Fig. 8).

CONCLUSION

The work in compressed air can be utilised in combination with several
tunnelling methods. Most frequently it is used in shield driving, but also,
as at the construction of the underground railway in Munich, in combina-
tion with forepoling and shotcreting. Because the potential of developing
a disease decreases if the work is carried out in a positive pressure under
the limit of 1 bar, compressed air is utilised in combination with normal
excavation, as a solution for passing through the worst sections, and as
a stand-by method for the worst scenarios. Sandy aquifers, quick sands,
can be handled significantly easier using the compressed air method. The
utilisation of compressed air in the difficult geological conditions in Slo-
vakia has not been recorded in the past, despite the fact that this method
was often used in the 1960s in the states of the Eastern Block, namely at
the construction of the metro and sewerage galleries in Warsaw, Budapest,
Moscow and Leningrad. It is possible that once the advantage of this met-
hod will be taken also by Slovakian tunnellers, e.g. in the Quaternary sedi-
ments of Bratislava.

ING. DUSAN SVAJDA,
svajda@vahostav-tsz.sk,
Vdhostav — Tunely a Specidlne zakladania, a. s.
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SPECIALNE PODZEMNE A TUNELARSKE TECHNOLOGIE
SPECIAL UNDERGROUND CONSTRUCTION TECHNOLOGIES

STANISLAV SIBERT

Hoci sa v beznej reci Casto pouZziva termin Specidlne technoldgie,
presnejsie by bolo hovorit’o technolégidch, ktoré reaguji na Specidlne
poziadavky alebo obmedzenia, na zdklade roznych okolnosti, zdkonov,
nepriaznivych prirodnych, najmi geologickych a hydrogeologickych
pomerov, alebo ochrany pamiatok, majetku, prirody ¢i Zivotného
prostredia. Spominané $pecidlne poziadavky kladud vysoké ndaroky na
realizdtorov podzemnych prdc ¢i uz ide o technické rieSenia, nové
materidly, osobitné pracovné postupy alebo len o mimoriadne naroky
na exaktné dodrZiavanie technologickych postupov. Rovnako vysoké
ndroky sd kladené na investorov, lebo takéto — Specidlne rieSenia
byvaju finan¢ne ndkladnejsie a nie zriedkavo stavbu predrazuju aj nie-
kolkondsobne. V kazdom pripade tito zvySend ndrocnost smeruje
k novym, objavnym, Casto aj neobvyklym rieSeniam, a tak sa stdva
hybnou silou technologického rozvoja podzemného stavitelstva.

V tomto ¢lanku sa chcem zaoberat’ niekolkymi prikladmi vydare-
nych rieSeni — reakcif na r6zne okolnosti, ktoré sme ziskali pri realizd-
cii r6znych projektov. KedZe v sti¢asnosti, vzhladom na finanén situ-
dciu v SR sa podzemné stavby realizuji iba v obmedzenom rozsahu,
vSetky uvedené priklady, aZ na jeden, su zo zahrani¢nych stavieb.

SPECIALNE POZIADAVKY
NA OCHRANU ZIVOTNEHO PROSTREDIA

V tejto suvislosti je zaujimava stavba mestského dialhi¢ného tune-
la Délzschen na trase A17 v Drazdanoch, kde razenie prebiehalo
v blizkosti husto obyvaného sidliska, ¢o si vyZiadalo zdkaz trhacich
préc v ¢ase od 20 do 6 hodiny, aby obyvatelia neboli obtazovani hlu-
kom a otrasmi. Tdto skuto¢nost’ v§znamne ovplyvnila ndro¢nost na
organizciu préce a na presné dodrZiavanie razi¢skych cyklov. Casovy
cyklogram razenia musel byt zostaveny tak, aby v no¢nych hodinich
nevznikali prestoje Cakanim na odstrel, pretoZze to by ovplyviovalo
vykony a tym aj terminy vystavby a cenu diela. Ani najdomyselnejsSie
zostaveny cyklogram vSak nedokdze zamedzit vyskytu zdrzani
v dosledku neocakdvanych udalosti. To znamend, Ze akdkolvek poru-
cha stroja alebo energetického systému, ktora by bola znemoznila
vykonanie odstrelu pred dvadsiatou hodinou, zdrZala by postup raze-
nia este o daliich 10 hodin (tj. do 6 hodiny rdno). Preto bolo treba vela
pruznosti a nepretrzitej pripravenosti na tvorivé rieSenie problémov.
S uspokojenim konStatujeme, Ze toto obmedzenie nasi razici a techni-
ci majstrovsky zvladli a dokazali denne vyrazit'7 — 10 metrov tunela
tj. tri az Styri cykly za 22 hodin (obr. 1, 2).

Obmedzenia vykonu trhacich prac sa vyskytujd takmer vzdy, ked
vystavba prebieha v zastavanej oblasti. Nebolo to inak napriklad aj pri
vystavbe prazského metra z Kobyliského namestia na trase IVC1,

Although the term “special technologies” has become common in
discussions, it would be more precise if we speak about technologies
responding to special requirements or restrictions based on various
circumstances, laws, adverse natural condition — mainly geological
and hydrogeological, or ensuring protection of monuments, property,
nature or environment. The above-mentioned special requirements put
heavy demands on tunnelling contractors, no matter weather the pro-
blem is found in the technical solution, new materials, specific wor-
king procedures, or only unusually strict requirements for exact com-
pliance with technological procedures. Equally heavy demands are put
on project owners because such special solutions tend to be more cost-
ly, increasing the cost of the project even multiply. At all events, such
increased complexity leads up to new, inventive, often also unusual
solutions; thus it becomes the motive power driving the technological
progress of the field of underground construction ahead.

In this article, I will deal with several instances of successful soluti-
ons - responses to various conditions that were developed in the cour-
se of implementation of various projects.

SPECIAL REQUIREMENTS
FOR ENVIRONMENTAL PROTECTION

In this context interesting is the construction of the urban highway
tunnel Délzschen on the A 17 highway in Dresden. This tunnel was dri-
ven in a vicinity of a densely populated residential area, which required
restriction on blasting operations from 8:00 p.m. to 6:00 a.m., to protect
the residents from the annoyance caused by noise pollution and vibrati-
ons. This fact significantly affected the demands placed on the work orga-
nisation and strict adherence to the excavation cycles. The time schedule
of the cycle had to be prepared in a manner preventing downtimes due to
waiting for the blasting because it would have negatively affected the
advance rates, therefore also meeting of the construction deadlines and
keeping of the cost of the works. Even the most ingenious schedule,
however, is incapable of preventing occurrence of delays resulting from
extraordinary events. This means that any equipment or power supply
system failure that would have prevented the blasting before 8:00 p.m.
would have delayed the excavation face advance for additional 10 hours
(i.e. by 6:00 a.m.). A high level of elasticity and permanent readiness to
creatively solve the problems was therefore a must. We can express our
satisfaction stating that our mining crews and technical staff mastered this
task. They managed daily to excavate 7 — 10 metres of the tunnel, which
means three to four excavation cycles finished within 22 hours (see fig. 1, 2).

Blasting operation restrictions occur nearly always when a tunnel is
driven within a built-up area. This was not different for instance during

Kvartér a vyplne |
The Quaternary and the filling

Vrstvy krehké | Brittle layers
Vrstvy pevné | Firm layers
Zlepence | Conglomerates
Syenit 1/ Syenite 1

Syenit 2 | Syenite 1

Tufit | Tuffite

Porfyr a tuf | Porphyre and Tuff

Obr. 1 Geologicky profil tunelov Dolzschen a Coschutz
Fig. 1 Geological profile of the Délzschen and Coschiitz tunnels
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kde obmedzenie platilo od 21 do 7 hodiny a v nedelu dopoludnia
trvalo aj pocas bohosluZieb.

Inaksie sa rie§il problém no¢ného pokoja na razeni tunelov v oblas-
ti podzemnej stanice Ostentor mestskej drahy v Dortmunde, kde sa
vykondvali vylomové prace v hlbke 3 — 5 metrov pod povrchom vozo-
viek v husto obyvanych uliciach velkomesta. Tam sa sice trhacie prace
nesmeli pouzivat, ale prekazkou boli aj vibracie spdsobované impak-
torom. Preto sa v Case po 22. hodine museli vymenit' mechanizmy
v ¢elbe a na vylomové prace sa potom mohli pouzivat'len fréza (BQFG
— Boart Quer Frise Gerit) alebo lopata tunelového bagra Liebherr 934
(obr. 3).

OCHRANA MESTSKEJ ZASTAVBY, NAJMA PAMIATKOVO
CHRANENYCH ALEBO PRIEMYSELNYCH OBJEKTOV NA
POVRCHU

Mestskd zdstavba, pamiatkovo chrdnené alebo priemyselné objekty
na povrchu byvaji velmi Castym obmedzenim pri razeni dopravnych
tunelov. Naroky na takéto obmedzenia si nepriamo umerné vyske
nadloZia nad razenym dielom. Cim je nadloZie mensie, tym sii ndroky na

V tejto stvislosti chcem spomentt razenie tratbvého tunela Stein-
haldenfeld v iseku Hauptfriedhof — Neugereuth na linke U2 mest-
skej podzemnej drahy v Stuttgarte.

Tento 940 m dlhy tunel je vd¢Sou Castou vedeny popod hlavny cinto-
rin mesta Stuttgart. Z toho samozrejme vyplynula poziadavka prisnej
ochrany povrchu pri razeni. Pri nizkom nadlozi — okolo 10 az
15 m nad stropom diela — a pri velkom profile dvojkolajného tunela — plo-
cha vylomu kaloty 67 m? — boli potrebné osobitne naro&né opatrenia pri
razeni. Prevencia poklesov povrchu sa riesila najmi okamzitym zaisto-
vanim vSetkych odkrytych ploch vylomeného priestoru pomocou strie-
kaného beténu. Hoci v méksej hornine bolo mozné vykondvat' vylomové
prace pomocou bagra, v tvrdsich hornindch, a tych bola prevaha, sa neda-
lo vyhnit vrtnotrhavinovej technoldgii. UdrzZanie stability Cela si vyZza-
dovalo ¢lenit’ ¢elbu horizontdlne, v dsekoch so zlou geoldgiou aj verti-
kélne. AZ po vyrazeni kaloty a jej zaisteni primdrnym ostenim sa razila
spodna Cast’— lavica a dno. Pocas razenia sa vykonavali nepretrzité mera-
nia deformdcif a na zdklade ich vyhodnocovania sa optimalizovali pra-
covné postupy. V pripade potreby sa uplatiiovali dodato¢né bezpecnost-
né opatrenia, najmd stanovovanie limitnych mnoZstiev trhavin (obr. 4),
aby sa zamedzilo prejavom seizmickych td¢inkov na povrchovi zastavbu.

V oblasti vytstenia tunela na povrch je husto obyvand sStvrt’ Stein-
haldenfeld. To si vyZiadalo nielen prisne dodrZiavanie no¢ného poko-
ja, ale aj osobitnd pozornost’pri vykone trhacich prac v bezprostredne;j
blizkosti obytnych a inych budov. V spoluprici so §tdtne autorizova-
nymi odbornikmi sa tu stanovili postupy trhacich prac respektujice
prisne ustanovenia normy DIN 4150. Uéinky trhacich prac sa kontro-
lovali (pod osobitnym dozorom znalca — Dipl. Ing. Horst Rebock)
meranim frekvencii seizmickych vIn. Na zdklade merani sa upravova-
li medzné ndloZe a menili parametre trhacich prac. Tu je treba povedat’,
Ze nasa spolo¢nost dostala na tejto stavbe povolenie vykonavat trhacie
prace v mestskom prostred{ a vlastnymi strelmajstrami, to znamend, Ze
v plnom rozsahu zodpovedala za vykon trhacich prdc, za stanovovanie
limitnych ndloZi i za skladovanie vybusnin, ¢o sa doteraz zahrani¢nym
firmam nepodarilo. Nasi pracovnici tito doveru nesklamali.

V sdvislosti s ochranou povrchu a trhacimi pracami sa konali aj dal-
Sie opatrenia v zaujme minimalizdcie zdtaZe na obyvatelov §tvrte Stein-
haldenfeld. Napriklad poslednych 70 m pred vytstenim na povrch sa
tunel rozdeluje na dva jednokolajné tunely. Nizke nadloZie a horninové
pomery v Steinhaldenfelde si vyziadali pri razenf tejto dvojice jedno-
kolajnych tunelov osobitny postup, pri ktorom sa po vyrazeni jednej
tunelovej riry muselo najprv ukoncit budovanie sekundarneho beténo-
vého ostenia a az potom sa mohlo prikro€it'’k razeniu druhej rdry.

Ochrana povrchu bola déleZitd aj na razeni dialhi¢nych tunelov
Délzschen a Coschiitz na dialhici A17 v Drazdanoch, ktoré pre-
chédzali pod pamiatkovo chrdnenou kaplnkou postavenou nad zvislou
skalnou stenou, pod pivovarom vybudovanom na umelo spevnenom
ndsype a pod sidliskami Coschiitz a Pesterwitz (obr. 5).

Technoldgia razenia tu bola velmi naro¢nd. Prie¢ny profil tunela
s plochou 150 m2 sa musel rozdelit'na dve Casti, ktoré sa razili v dvoch
etapach. V prvej etape sa stucasne jednou osddkou v obidvoch rirach
striedavo razila horna ast profilu — kalota. KedZe zaciatok prdc na
oboch portdloch tunela Coschiitz bol v extrémne narusenych horni-
ndch v tesnej blizkosti zdkladov uZ existujiceho mosta, na osddku boli

Obr. 2 Zdpadny portdl tunela Dolzschen
Fig. 2 Portal West of the Dolzschen tunnel

the construction of the Prague Metro line IVC1 from Kobylisy
Square. Restrictions on blasting operations covered the time from
9:00 p.m. to 7:00 a.m., plus worshipping times of Sunday mornings.

Another solution to the problem of the night-time quiet was neces-
sary at excavation of tunnels near the underground station Ostentor
on the urban underground railway line in Dortmund. The excava-
tion work was carried out at depths of 3 — Sm under the street pave-
ment, in densely populated streets of the city. Blasting operations were
restricted there in general, but also vibrations from the impact hammer
operation were obstacle. For that reason the excavation equipment
used at the heading had to be replaced from 10:00 p.m. solely by
a roadheader (BQFG — Boart Quer Frise Gerit) or by the shovel of
a Liebherr 934 tunnel excavator (see fig. 3).

PROTECTION OF EXISTING BUILDINGS, PRIMARILY
OF LISTED OR INDUSTRIAL BUILDINGS

This protection poses frequent problems for construction of transit
tunnels. Requirements for restrictions are negatively correlated with
the thickness of the cover of the underground structure. The thinner the
cover the more demanding requirements for technological discipline
and the technology proper.

In this context I would like to remember the excavation of the Stein-
haldenfeld running tunnel found on the Hauptfriedhof — Neugere-
uth section of the U2 line of the underground railway in Stuttgart.

A greater part of this 940m long tunnel runs under the main ceme-
tery of the city of Stuttgart. Naturally this situation was a reason for
a requirement for strict protection of the ground surface during the
excavation. The shallow cover (about 10 — 15m) and the large profile
of the double-rail tunnel (excavated cross-section area of 67m?) called
for especially demanding measures during the tunnelling. The surface
subsidence prevention was solved above all by immediate application
of shotcrete to all exposed surfaces of the underground opening
Although a weaker ground could be excavated with an excavator,

Obr. 3 Dortmund - tunelbdger Liebherr 934 v $tartovacej jame
Fig. 3 Dortmund — Liebherr 934 tunnel excavator in the starting shaft




Obr. 4 Stuttgart U2 — situovanie portdlu v zdreze
Fig. 4 Stuttgart U2 - situation of the portal in the open box

kladené velmi vysoké ndroky, hlavne na eliminovanie akychkolvek
deformdcii. Déraz bol kladeny na presné a kvalitné vykondvanie trha-
cich prac dodrziavanie minimélnej hribky primarneho ostenia, ale aj
dobri organizaciu a ndvéznost jednotlivych pracovnych operdcii, aby
sa prediSlo pripadnym prestrojom. Naviac sa previtaval a ndsledne
zosival medzitunelovy pilier. Pouzili sa cca 10 m dlhé GEWI tyce
s masivnymi rozndSacimi platnami.

Po vyrazenf kaloty sa zacalo razenie spodnej Casti tunela, a to z kaz-
dej bezpecnostnej spojovacej chodby, aby sa vytvorili rdzne varianty
odtazbovych trds. Vyvrty pre trhacie prace sa vitali vitacimi vozmi
ATLAS COPCO 352 s kontrolou presnosti vitania systémom BEWER
Control. Dlzka zaberu sa pohybovala od 0,8 do 3 m podla geologicke;j
situdcie. VSetky plochy novovylomeného priestoru sa okamZite zaisto-
vali primdrnym ostenim pozostdvajticim z beténu hriibky 20 cm strie-
kaného stipravou Normet — Spraynec, vystuzeného vrstvou ocelovej
zvdranej mreZoviny ,kari“ a 4 m dlhymi ocelovymi svornikmi. Na
préce vo vyskach sa pouzivali dvojramenné ploSiny Normet. Strieka-
nym beténom sa zaistovali aj plochy provizérneho dna kaloty a cela
vyrubu. Primdrne ostenie kaloty sa smerom nadol na obidvoch stra-
ndch klenby rozSirovalo, a tak vytvdralo pétky zamedzujice jeho
pokles pri razeni lavice a dna.

Pri razeni spodnej Casti profilu sa zaistovalo primdrne ostenie bokov
predlZovanim priehradovych oblikov po dno tunela, vystuZovanim
ocelovou mreZovinou a zastriekanim na hribku zodpovedajicu hrib-
ke striekaného bet6nu kaloty.

OCHRANA POVRCHOVYCH, ALEBO BLIiZKO POD
POVRCHOM SA NACHADZAJUCICH LINIOVYCH STAVIEB

Téato poziadavka byva osobitne ndrocnd, hoci naStastie Casovo
obmedzend, v suvislosti s objektami, na ktorych obvykle nemoZzno
prerusit prevadzku pocas stavebnych prac (cesty, Zeleznice, plynovo-
dy, vodovody).

Obr. 5 Vychodny portdl tunela Doélzschen
Fig. 5 Portal East of the Dolzschen tunnel
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application of drill and blast was unavoidable in harder rock, which
prevailed. To keep the face stable, it was necessary to proceed with
a horizontal excavation sequence, and also a vertical sequence had to
be applied in sections with poor geology. The bench and invert were
excavated only after the top heading excavation had been finished and
the support installed. Deformations were measured continually throug-
hout the operations. Results of the measurements were assessed and
working procedures were optimised accordingly. If required, additio-
nal safety measures were implemented, mainly consisting of setting
explosives quantity limits so that manifestations of seismic effects on
surface buildings were prevented (see fig. 4).

There is the densely populated Steinhaldenfeld district in the surfa-
cing area of this tunnel. It required not only rigorous maintenance of
the night-time noise limits, but also special attention to be placed on
the execution of blasting operations in the vicinity of residential and
other buildings. Blasting procedures were developed in collaboration
with a state-authorised expert to comply with stringent stipulations of
the norm DIN 410. The blasting effects were monitored by measuring
the peak particle velocities of seismic waves (in the personal presence
of the expert — Dipl. Ing. Horst Rebock). The results of the measure-
ments provided the basis used for the determination of charge limits
and for adjustment of parameters of the drill and blast operations. It
must be stated here that our company was issued a permit authorising
it to carry out blasting work in the urban environment using our own
shot firers. The fact that our company was fully authorised to execute
the blasting, determine the charge limits, and store explosives was
a success no other foreign company had achieved before. Our emplo-
yees did not break this trust. Also other measures were adopted for the
benefit of the residents of the Steinhaldenfeld district, to minimise the
burden loaded on them by the blasting operations. For instance, the
tunnel bifurcates into two single-track tunnels within the last 70m long
section before the tunnel mouth. The shallow overburden and poor
geological conditions in Steinhaldenfelde required a special excavati-
on procedure for this twin-tube section. The excavation of one tube
had to be completed by the erection of the secondary (internal) liner
before the other tube excavation was allowed to start.

The ground surface protection was important also at the excavation
of the Ddlzschen and Coschiitz highway tunnels on the A17 high-
way in Dresden. These tunnels passed under a listed building, a cha-
pel built at the foot of a vertical rock wall, under a brewery construc-
ted on an artificially consolidated fill, and under residential areas Cos-
chiitz and Pesterwitz (see fig. 5).

The excavation technique was very exacting there. The tunnel cross-
section with an area of 150m?2 had to be divided into two parts, which
were excavated separately, in two phases. The first phase comprised
the excavation of top headings in both tubes, by a single mining crew
rotating between the two headings. Because extremely faulted rock
mass was encountered at the beginning of the excavation work at both
portals of the Goschiitz tunnel, found in addition in close proximity to
foundations of an existing bridge, the mining crew was under high
pressure having to guarantee zero deformations. Stress was placed on
precise and quality execution of blasting, maintenance of minimal
thickness of the primary liner, but also fluent organisation of the ope-
rations so that contingent downtimes would be prevented. In addition,
the central rock pillar was reinforced from both tunnels by the instal-
lation of 10m long GEWI bolts with rugged faceplates.

Once the top heading excavation had been completed, the bench
excavation commenced from each cross passage, to establish several
excavation routes. ATLAS COPCO 352 rigs used for the blasthole dril-
ling were equipped with the Bever Control profiling and scanning sys-
tem. The round length varied from 0.8 to 3m, depending on geological
conditions. All surfaces of the newly excavated opening were immedi-
ately supported by primary lining consisting of a 20cm shotcrete layer
applied by a Normet — Spraynec spraying machine, reinforced with
a layer of welded mesh KARI, and 4m long rock bolts. Elevated work
was carried out using twin-boom Normet lifting platforms. The surfa-
ces of the top heading temporary invert and the excavation face were
also supported by shotcrete. The thickness of the primary liner at the
top heading grew in the direction towards the bottom on both sides of
the vault, thus creating footings preventing subsidence of the liner
during the subsequent bench and invert excavation.

The primary lining of the sidewalls was constructed by extending
the lattice girders down to the tunnel bottom, installing steel mesh and
applying shotcrete. The shotcrete thickness corresponded to the thick-
ness of shotcrete applied at the top heading.
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V tejto sdvislosti treba spomenit’ dialhi¢ny tunel Gaubahntun-

nel Stuttgart — Sonneberg, ktory prechddzal popod Zelezni¢nd trat’

v hlbke len 4 — 6 m pod droviiou kolaji. Kolajova trat’a razeny tunel
sa krizovali naStastie takmer kolmo, takze usek, v ktorom sa muse-
la nasadit’ doplnujtica technoléga a museli sa dodrZiavat prisne opat-
renia, bol iba 45 m v oboch tunelovych rirach. Rozpojovanie
v celom tuneli bolo len pomocou tunelovacieho bagra. V dseku spo-
minaného kriZenia sa trds Zeleznice a tunela sa realizoval Specidlny
mikropilotovy ddzdnik dlzky 8 az 9 metrov vitany z Celby vrtnym
vozom Atlas Copco, ktory bol v elbe na vitanie svornikov a kotiev.
Voc¢i klasickému mikropilétovému ddZdniku bola zmena v pouZitom
materidli. Namiesto rur boli pouzité GEWI tyce priemeru 45 mm
s odvzdusnovacimi hadi¢kami, pre injektdZ bol pouzity Specidlny
mikromlety cement. Zdbery tu boli skratené na 0,6 — 0,8 metra
a ddzdnik sa vrtal kazdy druhy zéber. Vyhodou pri tejto technoldgii
bolo to, Ze vrtny voz obsluhovala ¢elbové osddka, takze az na skra-
teny zdber a zniZeny postup prdc nebola Ziadna vyluka v celbe
a nemusela sa dovazat Ziadna Specidlna vrtnd stiprava ani iné tech-
nologické zariadenia (obr. 6).

Podobne uZ aj spominany dialhi¢ny tunel Coschiitz v Drazdanoch
podchddzal popod tlakové potrubie pitnej vody (DN 1000) nachddzaj-
dce sa v 6 m vyske nad tunelom, kde museli byt takisto aplikované
mimoriadne opatrenia.

Podobny charakter malo aj podchddzanie tratového tunela dvojko-
lajnym odbocujicim tunelom v 2. stavebnom tseku mestskej drahy
v Dortmunde, medzi stanicami Reinoldikirche a Ostentor.

Stavebny usek pozostdva z dvoch rovnobeznych jednokolajnych
tunelov s plochou prierezu 40 m? s dizkami 5730 a 576,5 m, ktoré
na vychodnom konci vychddzaji na povrch a na zdpadnom konci do
vybudovanej stanice Reinoldikirche. Priblizne v strede 2. stavebné-
ho dseku sa buduje stanica Ostentor. Medzi stanicami Reinoldikirche
a Ostentor je dvojkolajnd odbocka do budicej trasy smerujicej na
sever. Tato odbocka sa razila z 22 metrov hlbokej odtazbovej Sachty,
ktord md kruhovy profil s priemerom 15 m a je situovana severne od
dvojice rovnobeznych tunelov 2. stavebného tseku. Dvojkolajny
tunel odbocky bol vyprojektovany tak, Ze oblikom preSiel popod
severny tunel 2. stavebného dseku, a potom vystiipil do stredu medzi
jednokolajné profily, kde sa s nimi spojil, ¢im sa pred stanicou Rei-
noldikirche vytvorilo 16 m Siroké vyhybiste, ktorého prierez m4 plo-
chu 196 m? (obr. 7, 8).

Prechod dvojkolajnej odbocky popod severny tunel patril k naj-
ndro¢nej$im prvkom celej stavby, pretoze zvisld vzdialenost tychto
diel v mieste kriZovania bola len 5 metrov. Aby nedoslo k poruseniu
podchddzaného tunela, bola potrebnd premyslend technoldgia raze-
nia a velkd opatrnost. Razilo sa Novou rakiskou tuneldarskou metd-
dou v kratkych zdberoch 0,8 — 1,2 m a novootvdrané priestory sa
ihned zaistovali vrstvou strieckaného beténu, aby sa zamedzilo
akémukolvek uvolfnovaniu horniny. Strop sa zaistoval ocelovymi
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Obr. 7 Dortmund - Situovanie odtaZbovej jamy s prechodom dvojkolajnej
trate pod severnii jednokolajnii trat’

Fig. 7 Dortmund — The situation of the hoisting shaft with the passage of the
double-rail track under the northern single-rail tunnel

Obr. 6 Vitanie $pecidlného mikropilétového ddZdnika
Fig. 6 Drilling for a special canopy pre-support

PROTECTION OF AT-GRADE OR NEAR-SURFACE
BURIED LINE STRUCTURES

Such requirements are usually especially demanding, even though
limited in time where the operation of the structures (roads, railways,
gas or water pipelines) cannot be interrupted for the time necessary for
the execution of the construction work.

In this context, we should remember the Gidubahntunnel Stuttgart
— Sonneberg highway tunnel, which passed under a railway line, at
a depth of mere 4 - 6m under the rails level. Fortunately, the tunnel
crossed the railway track nearly perpendicularly, therefore the section
where supplementary equipment had to be deployed and stringent
measures had to be adhered to was only 45m long in either tube. The
rock was disintegrated solely with a tunnel excavator. A special 8§ to
9m long umbrella canopy was installed in the above-mentioned tunnel
— railway crossing section, using the Atlas Copco drilling rig utilised
at the heading for installation of rock bolts and anchors. The material
used for the canopy support was different than traditional pipes, i.e.
GEWI rods 45mm in diameter with breather tubes, grouted with spe-
cial microfine cement. The round length was reduced to 0.6 — 0.8m,
and the drilling for the canopy was carried out at every other round.
The advantage of this technology was the fact that the drill rig was
operated by the heading crew, therefore no other delay was caused
apart from the reduced round length and advance rate; no additional
drilling rig nor other equipment had to be brought (see fig. 6).

Similarly, extraordinary measures had to be implemented in the
above mentioned highway tunnel Coschiitz in Dresden, which passed
under a pressure potable water pipeline (DN 1000) found at a distance
of 6m above the tunnel.

Also the character of the passing under a running tunnel by a doub-
le-rail branch tunnel in the second construction section of the urban
underground railway in Dortmund between Reinoldikirche and
Ostentor stations. This construction section consists of two single-rail
tunnels with cross-section areas of 40m? and lengths of 573.0 and
576.5m, which emerge on the surface on the eastern ends and have the
other ends in the already completed station Reinoldikirche. The Osten-
tor station is being built approximately at the mid-point of the section
2. There is a double-rail branch between the Reinoldikirche and Osten-
tor station leading to a future north heading line. This branch was dri-
ven from a 22m deep hoisting shaft with the diameter of the circular



Obr. 8 Dortmund — zloZitost’postupu prdc dokazuje aj horizontdlne a vertikdlne
Clenenie Celby

Fig. 8 Dortmund - exactingness of the work procedure is proven also by the
horizontal and vertical excavation sequence

lepenymi ihlami (Spiessmi) diiky 2,5 — 4 m a ihned sa budovalo
primdrne ostenie zo striekaného beténu hribky 18 — 25 cm, ktoré
okamzZite preberalo nosnost, aby ,,podfarany“ tunel neostdval bez
podpory. Meranim napiti a deformdcii sa kontrolovalo nebezpecie
sadania a pripadné porusovanie horniny.

Jeden z prikladov aplikdcie mimoriadnych opatreni pri liniovych
stavbach je aj zo Slovenska, pri razeni tunela Sitina, kde sme zaus-
tujici mikropilotovy dazdnik pre severny portdl oboch tunelovych
rur realizovali v tesnej blizkosti vysokotlakového plynového potru-
bia. AZ po osadeni tenzometrov, zabezpecenia kontinudlneho mera-
nia pripadnych pohybov potrubia a nultom merani sme mohli zacat
vrtné price v bezprostrednej blizkosti plynového potrubia.

INE, SPECIALNE POZIADAVKY

Pocas vystavby tunela Lohberg pri Darmstadte sa zistila v razenej
hornine pritomnost’ azbestu. PretoZe s touto eventualitou projekt
nepocital, zdsadne ovplyvnila dobu vystavby a tym aj cenu diela.
Boli prijaté Specidlne opatrenia, aby pracovnici neboli pri dlhodo-
bom styku s azbestom vystaveni riziku ochorenia na rakovinu. I§lo
o rozsiahle opatrenia organiza¢ného, ale aj technického a technolo-
gického charakteru. Podla dostupnych informaécii sa v takomto roz-
sahu azbest vyskytol poprvykrdt, preto bola tomu venovand velkd
pozornost..

Problematike razenia pod hladinou spodnej vody s ochranou stla-
¢eného vzduchu na stavbe podzemnej drédhy v Mnichove na linke
U3 - sever v stavebnom tiseku 1 sa venuje samostatny ¢lanok
v tomto Cisle Casopisu Tunel.

ZAVER

Spoloénym menovatefom vSetkych uvedenych technolégii je
nutnost’ adekvatne reagovat’ na vyzvy, ktoré sme nazvali §pecidlny-
mi poziadavkami na technoldégiu. Su to vyzvy, ktoré najviac akcele-
ruji vyvoj odvetvia a novymi rieSeniami ho posivaji dopredu.
Riesitelom tym spdsobuji nemdlo starosti a vyzaduji, okrem pre-
myslenych rieSeni, aj nesmiernu doslednost, profesiondlnu zrué-
nost’a Zelezni technologicki disciplinu pracovnych kolektivov,
ktoré ich realizuji. Nasa organizdcia, vyuZivajica odbornost’byva-
Iych banikov, vystupovala na tychto stavbach v tilohe poddodavate-
la pre renomované zahrani¢né firmy, a preto sa na technologickej
priprave zicastriovala len v obmedzenej miere. AvSak v ich reali-
za¢nom $tadiu preberala a preberd na seba plnd zodpovednost'za ich
zvladnutie.

Tieto aktivity, okrem ekonomickych efektov, vytvaraju prilezitos-
ti pre uplatnenie uvolnenych banikov v pribuznom odbore a prispie-
vaji k udrzaniu pripravenosti pre budice potreby tuneldrstva na
Slovensku, a to na vyske najmodernejSej dosiahnutej technologickej
drovne.

ING. STANISLAV SIBERT, sibert@vahostav-tsz.sk,
VAHOSTAYV - Tunely a $pecidlne zakladania, a. s.
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cross section of 15m, situated to the north of the couple of parallel tun-
nels of the construction section 2. The double-rail tunnel of the branch
was designed to pass under the southern tunnel of the construction sec-
tion 2 (curved alignment), emerge at the centre, between the single-rail
tunnels, and join them, forming a 16m wide switching bay with
a cross-section area of 196m? (see fig. 7, 8).

The passage of the double-rail branch under the northern tunnel
belonged among the most demanding elements of the project because
the vertical distance between the structures was of mere 5 metres.
A well thought-out excavation technique and great carefulness was
necessary to protect the tunnel being excavated underneath from
damage. The New Austrian Tunnelling Method was applied, with
a short round length varying from 0.8 to 1.2m; the newly excavated
openings were immediately supported with shotcrete to prevent any
loosening of the ground. The roof was supported by 2.5 — 4m long
resin encapsulated steel needles (Spiess), followed immediately by the
application of an 18 — 25cm thick final lining shotcrete layer, taking
immediately the load so that the undermined tunnel would not remain
unsupported. The threat of subsidence and contingent loosening of the
ground was controlled by means of measurements of stress and defor-
mations.

One of the instances of the application of extraordinary measures in
line constructions can also be found in Slovakia. Canopy tube pre-sup-
port for the northern portal of the twin-tube tunnel Sitina was instal-
led in a close vicinity to a high-pressure gas pipeline. We could start to
work in close proximity to the gas pipeline only when we had instal-
led strain gauges, secured continual measurements of contingent
movements of the pipeline, and carried out the zero measurement.

OTHER SPECIAL REQUIREMENTS

Presence of asbestos in the ground was identified during the exca-
vation of the Lohberg tunnel near Darmstadt. Because the design had
not allowed for this fact, its impact on the construction duration and
the cost was critical. Special far-reaching measures were adopted to
protect the mining crews against exposure to the risk of developing
cancer during the long-term contact with asbestos. The measures were
focused on the organisation, excavation technique and equipment.
Because it was, according to available information, the first instance of
occurrence of asbestos in such a high concentration, the attention this
case received was great. With respect to the extent and significance of
the adopted measures, we are going to prepare more detailed informa-
tion for one of the future issues of this magazine.

One of the worst enemies of constructors, tunnellers most of all, is
often ground water. The problems of excavation work carried out
under the water table level under the protection by compressed air,
encountered at the construction of the Line U3 — North, constructi-
on section 1 of the Munich underground railway, are described in
a separate article contained in this issue of Tunel magazine.

CONCLUSION

A common denominator of all above-mentioned technologies is the
necessity to respond adequately to the challenges that we named the
special requirements for technology. These challenges are the best
accelerators of the development of the industry, and the new solutions
move it forward. The new solutions, however, are associated with lots
of problems, and they require not only new solutions, but also an
extremely high level of perseverance, professional skill, and total
discipline in the working teams implementing them. Our company,
which has taken advantage of the skills of former coal miners, acted on
those projects as a sub-contractor for renowned foreign companies.
This is why our employees participated in the technological planning
only to a limited extent. In the implementation phase, however, it has
always assumed the full responsibility for coping with the demanding
tasks.

Apart from economic effects, the above-mentioned activities are
opportunities to employ the laid off coal miners in a related industrial
branch, and contribute to maintaining of the company’s readiness for
future needs of the Slovakian tunnelling construction at the state-of-
the-art technological level.

ING. STANISLAV SIBERT, sibert@vahostav-tsz.sk,
VAHOSTAV - Tunely a pecidlne zakladania, a. s.
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NEJNOVEJSI INOVACE V PROVADENI OSTENI
ZE STRIKANEHO BETONU - METODA LASERSHELL

THE LATEST INNOVATION IN SPRAYED
CONCRETE LINING - THE LASERSHELL METHOD

MATOUS HILAR, ALUN THOMAS & LEO FALKNER

uvob

Tunely s osténim ze stifkaného betonu (OSB) jsou v soucasné dob¢ jednou
z nejdynamictéjsich oblasti v oboru podzemnich staveb. Razba pomoci OSB
— nékdy nazyvana jako Novd rakouskd tunelovaci metoda (NRTM) — méd
Siroké uplatnéni jak v zemindch, tak v skalnich hornindch a je stéle oblibe-
néjsi pro svou viestrannou pouZitelnost. Ackoliv se pouziti OSB osvédcilo,
jako bezpecnd a ekonomickd metoda razeb v zemindch (ICE 1996), povést
razeb pomoci OSB zna¢né utrpéla nékolika verejné zndmymi havériemi.

Nésledujici ¢lanek nejprve shrnuje vyvoj tunelovani pomoci OSB v zemi-
ndch ve Velké Britdnii. Poté bude popsdn soucasny stav vyvoje OSB uplat-
nény pri vystavbé termindlu 5 na letisti Heathrow v Londyné. Na tomto pro-
jektu byla poprvé pouzita inova¢nich metoda s nazvem LaserShell™.

VYVOJ TUNELOVEHO OSTENI ZE STRIKANEHO BETONU

Poprvé byl stitkany beton pouZit jako doCasné (a trvalé) zajiSténi vyrubu
v tunelech, razenych ve skalnich hornindch, v padesdtych létech minulého sto-
leti. Principy pouziti vSak funguji podobné i u mékkych hornin a zemin.
V sedmdesitych 1étech byly dspésné vyraZeny mélce uloZené tunely s OSB
v zemindch jako soucést vystavby metra ve méstech jako Frankfurt a Mnichov.
Po tispésném vyuziti OSB pii stavbé tunelu pod kandlem La Manche zacali
britsti tuneldii OSB vyuZivat i na dalSich projektech. OSB bylo pouZito pro
néro¢né stavby stani¢nich tuneli v Londyné. Jednalo se o stavby Heathrow
Express (HEX) a prodlouZen{ trasy metra Jubilee (JLE). JelikoZ metoda OSB
byla v Britdnii novou technologii, navic relativné novou pro aplikaci v zemi-
nach, tak bylo rozhodnuto vyrazit zkusebni tunely. Oba tyto tunely (jak pro
HEX, tak pro JLE) byly realizovany v tuhych pfekonsolidovanych londyn-
skych jilech. Po tspéSnych razbach zkuSebnich tunelu zacaly v roce 1994
prace na vlastnich stavbach. Podrobnéjsi hodnoceni razeb s vyuZzitim OSB
v Britdnii je obsaZeno v literatufe — Thomas (2003). Pojmu OSB ddvaji tune-
lari v Britdnii prednost, jelikoZ je zcela popisny. Pojem OSB, na rozdil od
pojmu NRTM, nezahrnuje zddnd filozofickd tvrzeni o projektovéni tunelu.
Observacni piistup NRTM neni vhodny pro razby v zemindch, pri kterych je
nutné kldst diraz na minimalizaci deformaci masivu (Thomas 2003).

Havidrie tif soub&Znych tunelt na Heathrow béhem razeb v f{jnu 1994 zpu-
sobila znacnou Skodu na pozemnich konstrukcich. VSechny razby, jak na
stavbé HEX, tak i na ostatnich tunelech realizovanych pomoci OSB v Lon-
dyné, byly zastaveny (i kdyZ se na ostatnich stavbdch neobjevovaly Zadné
problémy). Dusledkem havdrie byla velkd revize razeb pomoci OSB (ICE
1996). Byly zjistény nedostatky v kontrole kvality a v fizen{ praci. Nekteré
z hlavnich poznatkd jsou struéné popsény niZe:

Je potfebny integrovany pristup k fizeni velkych tunelovych dél. Ten by
mél zahrnovat organizaci stavby a jeji rozhodovaci struktury, zkusené a kva-
lifikované klicové pracovniky a zavedeni mechanismu a procedur, které zaji-
sti t¢inné zvladnuti bezpecnosti a rizik.

Jak v prubéhu projektu, tak v prubéhu realizace by mély byt vyuzity pre-
ventivni nebo ochranné mechanismy zaloZené na principech zvladani rizik.
Cilem t&chto mechanismd v pribéhu zpracovani projektu je bud se rizikiim
vyhnout, nebo je sniZit do stavu, kdy doséhnou nejniz§i rozumné dosazitelné
trovne (As Low as Reasonably Practicable = ALARP). Zbytkova rizika jsou
pak zvldddna béhem stavby pomoci sledovani a pomoci predem priprave-
nych nouzovych opatfeni.

Chovani tunelt razenych pomoci OSB a chovéni horninového masivu
musi byt v prabéhu stavby monitorovéno, aby bylo ovéfeno, Ze vie odpovi-
dé predpokladam projektu. Vysledky méfeni musi byt pravidelné vyhodno-
covany v rdmci komplexniho procesu fizeni stavby, ktery zaru¢i vcasné
zjistén{ abnormdlniho chovéni a v€asné provedeni predem pripravenych nou-
zovych opatfeni.

INTRODUCTION

Sprayed concrete lined (SCL) tunnels are one of the most dynamic and exci-
ting fields in tunnelling today. SCL — sometimes known as the New Austrian
Tunnelling Method (NATM) — is widely used in soft ground as well as in rock
tunnels and is increasingly popular because of its versatility. Although well-estab-
lished as a safe and economic tunnelling method for soft ground (ICE 1996), the
reputation of SCL tunnels has suffered from a few high profile collapses.

Having reviewed the development of SCL tunnelling in soft ground in the UK,
this paper describes recent state-of-the-art SCL tunnelling at the Terminal 5 pro-
ject in Heathrow Airport, London. This project included the first use of the inno-
vative LaserShell™ method.

THE DEVELOPMENT OF SPRAYED CONCRETE LININGS FOR TUNNELS

Sprayed concrete was first used as temporary (and permanent) support in rock
tunnels in the 1950’s. However, the principles above apply similarly to weak
rocks and soils. In the 1970’s shallow SCL tunnels were successfully constructed
in soft ground as part of metro projects in cities such as Frankfurt and Munich.
Following the successful use of sprayed concrete on the Channel Tunnel, the tun-
nellers in Britain enthusiastically embraced the SCL method. SCL was proposed
for the complex station tunnels of the Heathrow Express (HEX) and Jubilee Line
Extension (JLE) projects, both in London. Because the SCL method was a new
technique in the UK and relatively new to soft ground, trial tunnels were con-
structed in the stiff over-consolidated London Clay for both the HEX and JLE
projects. Following the success of the trial tunnels, work commenced on the main
projects in 1994. A more detailed review of SCL tunnelling in the UK can be
found in Thomas (2003). The term SCL is preferred by some people in the UK
because it is a purely descriptive term and, unlike the term NATM, it does not
make any claims about the design philosophy of the tunnels. The more observa-
tional aspects of the NATM approach are not suitable for soft ground tunnelling
where the emphasis is on restricting ground movements (Thomas 2003).

The collapse at Heathrow of three adjacent tunnels during construction in
October 1994 caused significant damage to the surface structures. All tunnelling
was stopped on the HEX project and also on other SCL works in London, even
though no problems had been encountered on them. The collapse resulted in
amajor review of sprayed concrete lining (SCL) tunnelling (ICE 1996). Failings
were identified in quality control and the management of the tunnelling. Some of
the key lessons learnt are outlined below:

Obr. 1 Komora kiiZeni Zelezni¢nich trati tunelu Heathrow Express
Fig. 1 Heathrow Express Crossover tunnel



Obr. 2 TunnelBeamer™ s pripevnénym laptopem
Fig. 2 TunnelBeamer™ with attached laptop
computer

Obr. 3 InZenyr smény pouzivajici TunnelBeamer™
pro navddéni operdtora trysky

Fig. 3 Shift engineer using the TunnelBeamer™
to direct a nozzleman

Razby s OSB byly nej-
prve obnoveny na stavbé
JLE, poté i na HEX. Obé
stavby byly spésné
dokonceny. Podzemnf sta-
vitelstvi v Britdnii bylo
nepochybné  zkuSenosti
z havdrie na HEX posile-
no. Doporucend zlepSeni
(HSE 2000) byla prijata
do bézné praxe, a to jak
pro razby pomoci OSB,
tak i pro vSechny druhy
ostatnich razeb (napf. pro
zvladnutf rizik na razbdch
pomoci TBM - viz
Williams 2005). Nehoda
na Heathrow se ndhodou
Casové shodovala s pre-
chodem od pouzivani
suché smesi k mokré
smési pro OSB, coZ pfine-
slo lepsi kontrolu kvality.
Integrovany piistup k fize-
ni staveb s tésnéjsi spolu-
praci mezi projektantem,
stavebnim dozorem inves-
tora a dodavatelem podpo-
fil tymového ducha, ktery
znatné pomohl zddrné
rekonstrukei stavby HEX
(Audsley a kol. 1999).

Ackoliv doslo k obratu
smeérem ke konzervativni-
mu pristupu, tato oteviend
atmosféra na stavbé HEX
napomohla k zavadéni
novych postupta. Na-
priklad 90 m dlouhd
komora kiiZeni Zelezni¢-
nich trati Heathrow Ex-
press (obr. 1) mé promén-
ny profil s maximdln{ vys-
kou 12 m a $itkou 16 m.
Primdrni OSB bylo vyztu-
Zeno ocelovymi sitémi,
pro definitivni osténi byl
pouzit stitkany dratkobe-
ton misto standardniho
monolitického betonu. Tim
byl uSetfen priblizné jeden
mésic z harmonogramu
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Obr. 4 Klenuty tvar celby raZené metodou LaserShell ™
1 - Strukturni vrstva aplikovand na pocdtecni vrstvu
2 - Pocdtecni vrstva aplikovand na klenutou celbu

Fig. 4 Domed shape of Lasershell ™ excavation

1 - Structural layer applied on initial layer

2 - Initial layer applied on domed face
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An integrated approach to the management of major tunnelling works is
necessary. This should include site organisation and its decision making structu-
res, the experience and competence of the key staff and the implementation of
systems and procedures to ensure that safety and risk are effectively managed.

The use of preventative or defensive systems based on risk management prin-
ciples should be applied during both design and construction. The aim of these
systems during design is to either avoid risks, or reduce them to a condition where
they are As Low as Reasonably Practicable (ALARP). Residual risks are then
managed during construction, using monitoring and contingency measures.

The performance of the SCL tunnels and the ground must be monitored during
construction to verify that both are behaving as envisaged in the design. Data
from this monitoring must be reviewed regularly in a robust process of con-
struction management which ensures that abnormal behaviour is identified and
planned contingencies are implemented in a timely manner.

SCL works restarted, first on the JLE project and then on the HEX project, and
both were successfully completed. The UK tunnelling industry undoubtedly
emerged stronger from the experience of the HEX collapse. The improvements
recommended (HSE 2000) have been embraced as standard practice, not just for
SCL tunnelling, but all types of tunnelling (e.g. risk management for TBM tun-
nels — see Williams 2005). By chance the incident at Heathrow also coincided
with the shift from dry mix to wet mix sprayed concrete, with the greater control
of quality that wet mix brings. An integrated approach to managing construction
with closer dialogue between the designer, site supervision team and constructi-
on team fostered a sense of teamwork, which helped the HEX project recovery
(Audsley et al. 1999).

Although there was a swing towards a conservative approach, this open
atmosphere on the HEX helped to deliver innovations too. For example, the
90 m long Heathrow Express crossover tunnel (Fig. 1) has a varying cross-secti-
on which is 12 m high by 16 m wide at its largest point. The primary lining was
steel mesh reinforced sprayed concrete but, when it came to install the permanent
lining, the contractor opted for a steel-fibre reinforced sprayed concrete lining,
instead of a cast insitu concrete lining. This saved about 1 month on the con-
struction schedule (Annett et al. 1997). Detailed pre-construction testing was
required to ensure that high quality, durable sprayed concrete could be made.
Because the steel fibres protrude from the surface of the lining, a finishing layer
of mortar was sprayed on to create a smooth surface. Permanent sprayed concre-
te inner linings were used on other SCL tunnels, on the JLE project as well as
HEX. They proved very effective at junctions as this saved the cost of complex
formwork for cast concrete. As a whole, the experience in London (after the inci-
dent at Heathrow) reaffirmed that SCL construction in soft ground can be safe and
€conomic.

Traditionally SCL tunnels consist of a temporary primary lining with a perma-
nent cast insitu concrete secondary lining inside. As noted above, the use of spray-
ed concrete for the secondary lining can improve the cost-effectiveness of the
SCL tunnelling. A further improvement is the use of so-called “single shell”
linings. In a single shell sprayed concrete lining, all the concrete sprayed forms
part of the permanent lining. The concrete may be applied in several layers. Cle-
arly this saves time and money compared to the traditional approach of a tempo-
rary primary lining and then a secondary lining inside it. The Heathrow Baggage
Transfer Tunnel in 1996 used single shell linings for the large junctions and shafts
— the first use of a single shell sprayed concrete lining in soft ground in the UK

Since the 1990’s the popularity of SCL tunnelling has continued to grow in the
UK. For certain types of work SCL has supplanted traditional methods (Thomas
2003). When the new Terminal 5 (T5) was proposed at Heathrow, it was clear that
extensive tunnelling would be required to connect the rest of the airport to the
new terminal. SCL structures play an important role, especially in the formation
of junctions and short tunnels with complex shapes.

THE LASERSHELL™ METHOD

The concept of LaserShell™ was developed by two of the tunnelling compa-
nies at T5: Morgan Est (UK) and Beton- und Monierbau (Austria). The key fea-
tures are as follows:

This is a single shell lining. Almost all the concrete sprayed forms part of the
watertight permanent lining.

The tunnel lining is formed by steel fibre reinforced sprayed concrete without
steel mesh or lattice girders. This improves safety significantly, as access to the
unsupported face is not required. Moreover quality of the lining is better, as pro-
blems of shadowing around lattice girder and steel corrosion are eliminated. Since
there are no lattice girders or mesh to install, production rates can be higher.

The excavation and lining geometry is controlled using the TunnelBeamer™
laser distometer, which takes spot readings of the distance to the excavated face or
to the lining. The data from the laser are passed continuously to a computer situa-
ted adjacent to the ongoing work, which contains the 3D tunnel geometry infor-
mation (Fig.2). A comparison of the theoretical and real position of excavation or
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stavby (Annett a kol. 1997). Pro potvrzeni vysoké kvality a trvanlivosti stii-
kaného betonu bylo nutné realizovat podrobné prukazni zkousky. Nastiik
tenké dokonCovaci vrstvy betonu byl nutny pro prekryti vy&nivajich ocelo-
vych drétkt a pro vytvoreni vysledného hladkého povrchu. Definitivni osté-
ni ze stifkaného betonu bylo pouZito i na dalsich razbach tunelu s OSB na
projektech JLE a HEX. Tento postup se ukézal jako velmi efektivni prede-
vsim v mistech nestandardnich profild, jelikoZ Setfil ndklady na naro¢né bed-
néni potiebné pro monoliticky beton. Obecné zkusenosti z Londyna (po
havarii v Heathrow) znovu potvrdily, Ze razby v zemindch s pouZitim OSB
mohou byt bezpecné a ekonomické.

Tunely s OSB se tradi¢né sklddaji z priméarniho osténi, které je prikryto
sekundérnim osténim z monolitického betonu. Jak bylo poznamenéno vyse,
pouZiti stitkaného betonu pro sekunddrni osténi muZe sniZit ndklady realiza-
ce tunelt s OSB. Dal§im vylepSenim je pouZiti tzv. jednopldstového osténi.
U jednoplastového osténi ze stiikaného betonu tvoii vSechen nastrikany
beton soucast trvalého osténi. Beton 1ze nandSet v nekolika vrstvéach. Tento
zpusob jednozna¢né Setii as a penize ve srovnani s tradiénim postupem. Pri
stavbé zavazadlového tunelu na letisti Heathrow v roce 1996 bylo jednopl4s-
tové osténi pouzito pro velké nestandardni profily a pro Sachty, coZ bylo
prvni pouZiti jednoplastového OSB v zemindch ve Velké Britdnii.

Od devadesdtych let popularita razeb pomoci OSB v Britdnii stdle roste.
Pro urcité typy konstrukei tato metoda nahradila tradi¢ni metody (Thomas
2003). Pri pripravé stavby termindlu 5 (T5) na Heathrow bylo

sprayed concrete lining is displayed on a monitor. The computer is controlled by
an engineer, who passes the information to an excavator operator or to a nozzle-
man (Fig.3).

The tunnel face is inclined and domed (Fig.4), which improves its stability in
comparison to a conventional vertical face. The shape of the face may also redu-
ce surface settlement of the ground.

The tunnel is constructed full face (up to Sm diameter in the London Clay) to
minimise number of construction joints and to improve productivity. The rapid
ring closure reduces settlement of the ground.

The single shell lining is built up in three layers:

An Initial layer (75mm thick, with steel fibres) to provide instant structural
support to newly excavated ground and to enhance watertightness of the lining.
The layer is considered to be sacrificial for design purposes, as it might be sub-
jected to sulphate attack.

A Structural layer (typically 200 — 250mm thick, with steel fibres) to provide
permanent load bearing structure. The layer may be constructed in several stages
(depending upon location and tunnel size).

A Finishing layer (50mm thick, without steel fibres) is sprayed after completi-
on of excavation works and hand finished to provide a smooth lining profile
(Fig.5). The layer is applied with lower accelerator dosage (typically 2%).

A detailed description of the underground works associated with the Terminal
5 project at Heathrow Airport has already been presented in the magazine Tunel
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Ce tuhnuti (priblizné 2 %).

Tab. 1 Konstrukce budované metodou LaserShell™ na stavbé termindlu 5
Table 1 SCL structures at Terminal 5 constructed using the LaserShell™ method




Obr. 5 Rucni upravovdni dokoncujici vrstvy
Fig. 5 Hand trowelling off the finishing layer

Podrobny popis podzemnich praci souvisejicich se stavbou termindlu 5 na
letisti Heathrow jiz byl v Casopisu Tunel zvefejnén (Hilar a kol. 2005). Inves-
tor stavby BAA najal firmu Mott MacDonald jako generdlniho projektanta
viech podzemnich konstrukef a sdruZeni Morgan Vinci JV (MVIJV) jako
generdlniho dodavatele vSech podzemnich staveb. Veskeré konstrukce zahr-
nujici OSB byly vyprojektovany firmou Beton- und Monierbau a zkontrolo-
vany firmou Mott MacDonald. Ob¢ firmy, Mott MacDonald a Beton- und
Monierbau, také odpovidaji za koordinaci realizace vSech razeb pomoci
OSB.

Stavba nového termindlu zahrnuje pies 13 km tunelt a Sachet. Na obréz-
ku 6 je umisténi konstrukci s OSB v prostoru letiste (Williams a kol. 2004).
Vsechny konstrukce ze stifkaného betonu na stavbé TS jsou budovény meto-
dou LaserShell™ a v§echny jsou realizovany v londynském jilu pod hladinou
spodni vody (viz tplny prehled v tabulce 1). Razby vSech konstrukei s OSB
na stavbé termindlu 5 byly dokonceny, s vyjimkou praci na napojeni PiccEx
na trasu metra Piccadilly, které budou dokonceny v 1ét€ 2006.

PRUKAZNI ZKOUSKY

Pred zacétkem razeb byly provedeny rozsahlé prukaznf laboratorni a polni
zkousky (Eddie a Neumann 2003). Pro prokédzani vhodnosti mokrého strika-
ného betonu pro trvalé osténi byla stanovena nasledujici kritéria:

® Zivotnost 120 let

® Pevnost 35 MPa po 28, 90 a 365 dnech

@ Soucinitel propustnosti vody nizsi nez 10™* m/s

® Schopnost prendset zatizeni po vzniku trhliny (ohybova tuhost)

@ Dlouhodoba chemickd stabilita

@ Dobrd prilnavost mezi dvéma vrstvami (tj. pevnost v tahu betonu

s pracovnimi spdrami ma byt stejnd jako pevnost betonu beze spér)
® Styky jednotlivych zdbérii by nemély sniZovat spojitost osténi

Dile byla zahrnuta dvé kratkodobd kritéria pro tento material:

® Pocdtecni pevnost md vyhovét poZadavkim oboru J2, dle rakouské

smérnice pro stitkané betony

@ Zpracovatelnost a Cerpatelnost by méla byt zachovana od doby zami-

chéni do doby zpracovani (normélné 120 minut)

Zkousky byly provddény ve tiech fazich:

@ Laboratorni zkousky ke stanoveni kritérif pro vlastnosti slozek smési

@ Polni zkousky smési s nejlepsimi vlastnostmi, vyvinutymi v laboratofi

® Zkousky trvanlivosti vybranych vzorkl

Cekem se v laboratori zkouSelo 38 smési. Vlastnosti smési byly posouze-
ny na zdkladé pevnosti v tlaku, konzistence a zpracovatelnost smési jako
funkce ¢asu od zamichéni. Potom nésledovaly polni zkousky vybranych 24
smési. Pro simulaci skute¢nych podminek na stavbé byla pouZita kombinace
ruéniho a mechanického strikdni. Tvar tunelu byl simulovdn pomoci jednou-
Celového rému, na ktery byl provadén néstiik. Polni zkousky vedly k vybéru
jedné smési pro dalsi zkouseni.

K splnén{ poZadavku na pocatecni pevnost bylo potiebné velké mnoZstvi
cementu (450 kg/m?). Dlouhodobé je tim zajistén velmi pevny beton. Tato
vyhoda je doprovdzena jednou nevyhodou. Vysokd pevnost betonu zname-
nala nutnost pouZiti ocelovych vldken s vysokou pevnosti, kterd jsou pomér-
né drahd. Dritky z oceli s normélni pevnosti pfi ohybovych zkouskéch
praskaly kfehkym lomem misto tvarného poruseni tahem. Drétky z vysoce
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(Hilar et al. 2005). The client, BAA, employed Mott MacDonald as principal
designer of all underground structures and Morgan Vinci Joint Venture (MVJV)
as principal tunnel constructor. All works involving the sprayed concrete lining
(SCL) were designed by Beton- und Monierbau and checked by Mott MacDo-
nald. Both Mott MacDonald and Beton- und Monierbau are also responsible for
the construction management of all SCL works.

The construction of the new terminal includes over 13km of tunnels and shafts.
Figure 6 shows the location of SCL structures at the airport (Williams et al. 2004).
Al TS sprayed concrete structures are constructed using the LaserShell™ method
and are located in the London Clay below the water table (see Table 1 for a full
list). Excavation of all SCL structures at Terminal 5 has been completed, except
Piccadilly Junction works which will be completed in the summer 2006.

PRE-COMMENCEMENT TESTING

Extensive pre-commencement laboratory and field testing was done (Eddie &
Neumann 2003). The following performance criteria were established for the wet
mix sprayed concrete to demonstrate its suitability as a permanent lining:

® 120 years design life

® 35MPa strength at 28 days, 90 days and 365 days

o Coefficient of water permeability less than 10-12 m/s

@ Ability to sustain load after cracking (flexural toughness)

@ Long term chemical stability

® Good bond strength between two layers (i.e. tensile strength of jointed and

un-jointed sprayed concrete to be same).

@ The circumferential joints should not reduce the structural integrity of the

lining.

In addition two short term criteria for the material were included:

@ The early age strength to comply with the requirements of the Upper J2

class detailed in the Austrian Sprayed Concrete Guideline.

® Workability and pumpability should be maintained from batching time to

application time (typically 120 minutes).

The testing was done in three phases:

@ Laboratory trials to establish performance criteria for the mix constituents

@ Field trials on the best performing mixes developed in laboratory

@ Durability testing on selected samples

A total of 38 mixes were tested in laboratory. Compressive strength, density
and mix workability as a function of elapsed time from batching were used to
evaluate the performance of the mixes. Then 24 mixes were tested in the field tri-
als. A combination of hand spraying and robot spraying techniques were used to
replicate real construction conditions. Overhead spraying was undertaken on
a purpose built frame to simulate a tunnel construction. The field tests resulted in
the selection of one concrete mix for further trials.

The high quantity of cement (450 kg/m3) was needed to fulfil the early age
strength requirements. It provides a very strong concrete in the long-term. This is
advantage is accompanied by one drawback. The high strength of the concrete
meant that more expensive, high strength steel fibres were needed. Normal steel
fibres snapped in bending tests, giving a brittle failure, rather than being pulled out,
giving a ductile failure. High carbon steel fibres provide ductility, reduce thermal
shrinkage cracking and improve impact toughness. This is a high performance wet
mix sprayed concrete and naturally such high quality comes at a high price.

The addition of microsilica significantly improves concrete durability and per-
meability. Also it permits high workability of mix without segregation, and it
improves mix adhesion. Polypropylene fibres improve spraying characteristics of
the concrete, reduce plastic shrinkage cracking and improve the fire resistance of
the lining. The Meyco SA 160, ‘alkali-free’ accelerator, was used. The usable life
of the concrete was 180 minutes from the time of batching.

After field tests completion, three types of samples were tested for durability
at the University of Innsbruck to understand the differences between sprayed
concrete and traditional cast in-situ concrete:

@ Sprayed concrete with the designated accelerator dosage levels

@ Samples deliberately overdosed with accelerator

® Samples of in-situ concrete

The trials demonstrated that the sprayed concrete fulfilled all the performance
criteria. Both short term and long term strength criteria were reached. Joints bet-
ween layers and adjacent sections of sprayed concrete showed good structural
integrity and low permeability. Tensile splitting and beam tests showed very litt-
le difference between samples of sprayed concrete with joints and without joints.
Durability tests demonstrated that the sprayed concrete is stable and can be cate-
gorised as highly durable (even when overdosed with accelerator). Thus charac-
teristics of the sprayed concrete are comparable to a cast in-situ concrete.

TRAINING

The skill of the operatives has a large influence on the quality of SCL tunnels,
even when using wet mix concrete. To ensure the highest standards of quality, the
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Obr. 6 Monitoring tunelu Frontshunt
a - Umisténi bodu pro méreni seddni
b - Umisténi inklinometri a extenzometri
Fig. 6 Frontshunt monitoring
a - Location of settlement monitoring points
b - Location of extensometers and inclinometers

uhlikaté oceli zarucuji houzevnatost, omezuji vznik trhlin tepelnym smrsto-
vanim a zlepSuji rdzovou tuhost. Jednd se o mokry stiikany beton s vyborny-
mi vlastnostmi, bohuZel vysokd kvalita prindsi vysokou cenu.

Priddni mikrosiliky vyrazné zvySuje trvanlivost a nepropustnost betonu.
Umoziiuje i dosaZeni velmi dobré zpracovatelnosti smési bez segregace
a zlepSuje prilnavost smési. Polypropylénovéa vldkna zlepSuji ndstrikové
vlastnosti betonu, snizuji vznik trhlin plastickym smrStovanim a zvysuji
pozérni odolnost osténi. Pouzival se nealkalicky urychlova¢ Meyco SA 160.
Doba pouZitelnosti smési byla 180 minut od zamichdni.

Pro hlubsi pochopeni rozdili mezi stifkanym betonem a klasickym mono-
litickym betonem byla po skonceni polnich zkousSek na univerzité v Inns-
brucku zkousena trvanlivost nasledujicich typu vzorku:

@ Laboratorn{ vzorky s pfedepsanymi hodnotami ddvkovéni urychlovace

@ Laboratorni vzorky s dmysIné prekro¢enym ddvkovanim urychlovace

@ Vzorky betonu pripravené pii polnich zkouskéch

Zkousky prokézaly, Ze stitkany beton spliiuje vSechna pfedepsand kritéria.
Bylo spInéno kritérium jak kritkodobé, tak dlouhodobé pevnosti. Styky vrs-
tev a sousednich prstenct stifkaného betonu prokédzaly dobrou spojitost a niz-
kou propustnost. Zkousky pevnosti v tahu pri roz§tépeni (brazilskd zkouska)
a trdmkové zkousky prokézaly zanedbatelny rozdil mezi vzorky stifkaného
betonu s pracovnimi sparami a bez nich. Zkousky trvanlivosti prokdzaly, Ze
stifkany beton je stabiln{ a Ize jej oznait jako velmi trvanlivy (a to i pfi pre-
ddvkovani urychlovade). Z toho vyplyvd, Ze vlastnosti stifkaného betonu jsou
srovnatelné s vlastnostmi monolitického betonu.

VYCVIK

Zru¢nost pracovnikd md velmi vyznamny vliv na kvalitu tuneld s OSB,
ato i v piipadé pouzivani mokré smési. Aby bylo zajisténo dosaZeni maxi-
mdlni kvality, dodavatel pristoupil k neobvyklému kroku a usporddal tyden-
ni vycvikovy kurz pro vSechny operdtory trysek a Cerpadel.

contractor took the unusual step of running a one week training course for all noz-
zlemen and pump operators.

PERFORMANCE DURING TUNNELLING

As noted above, there were precedents for most elements of the LaserShell™
system. The use of steel fibres in permanent sprayed concrete, the impermeabili-
ty and durability of sprayed concrete have been demonstrated on other projects in
the UK and elsewhere. The pre-commencement testing had confirmed the suita-
bility of the mix design and joints. However, the T5 project was the first time that
the LaserShell™ system had been tried in full scale construction.

In order to verify that the tunnelling is performing in the way that the desig-
ners anticipated monitoring of the tunnel lining and surface settlement is normal-
ly performed for SCL tunnels. In this case a particularly extensive monitoring
regime implemented during the construction of the Frontshunt because this was
the first tunnel to be built (Fig.7). This included surface settlement monitoring,
extensometers, inclinometers, pressure cells in the sprayed concrete lining and
3D monitoring of the tunnel lining deformations.

The Frontshunt is 41 m long and has an internal diameter 4.15m. The tunnel
lining is 315mm thick (75mm initial layer, 200mm structural layer and S0mm
finishing layer). The tunnel was constructed in the London Clay with overburden
is 10m (Sm of the clay and 5m of the gravels). Although the tunnel is below the
water table the clay is normally dry when exposed. The best advance rate was
about 4m per day.

This was one of the first projects where the TunnelBeamer™ system has been
used as a production tool. To establish confidence in the TunnelBeamer™ rea-
dings DIBIT system was used as a second measuring tool. The profiles measured
by the TunnelBeamer™ and the DIBIT were reasonably close, so a check with the
DIBIT system was not required for the other SCL tunnels at TS. The lining thick-
ness records provided by the TunnelBeamer™ were also verified by drilling thick-
ness holes.

The monitoring results were compared to a three-dimensional numerical
model of the Frontshunt, provided by Mott MacDonald. The measured ground
movement was less than the predictions. The monitored tunnel crown vertical
movement varied between 4 and 8 mm (compared to a predicted value of 15mm).
Maximum surface settlement reached 8mm which corresponds with a volume
loss 0.7 % (compared to a predicted value of 18mm). Monitored horizontal
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Obr. 7 Umisténi podzemnich staveb budovanych pro terminal 5
(tunely LaserShell™ vyznaceny zelene, TBM tunely modre)

Fig. 7 Location of underground structures constructed at Terminal 5
(LaserShell™ structures are in green, segmental lining structures are
in blue)




Obr. 8 Montdz vyztuZe v misté napojeni tunelu (rozrdZka horni propojky T5C
ze Sachty T5C PiccEx)

Fig. 8 Fixing reinforcement in junction area (T5C High Level Cross Passage
opening from T5C PiccEx shaft)

OVERENI METODY V PRAXI

Jak jiz bylo zminéno, vétSina prvki metody LaserShell™ jiz byla v minulos-
ti nékde pouzita. Vhodnost stitkaného drétkobetonu pro definitivni osténi,
nepropustnost a Zivotnost stifkaného betonu jiz byly prokdzdny na stavbéch jak
v Britdnii, tak i jinde ve svété. Prukazni zkousky pred raZbou potvrdily vhodnost
sloZeni smési a feSeni stykl. Nicméné razby pro T5 znamenaly prvni aplikaci
metody LaserShell™ v plném rozsahu.

Monitoring tunelového osténi a sedani povrchu je pii realizaci tuneli s OSB
béZnym ndstrojem pro ovéfeni ndvrhu. V tomto piipadé byl pouZit obzvlasté
rozsdhly systém monitoringu pro razbu tunelu Frontshunt, ktery byl prvni raz-
bou LaserShell™ na TS5 (obr. 7). Monitoring zahrnoval méreni seddni povrchu,
extenzometry, inklinometry, tlakové buriky zastifkané do osténi a méfeni pro-
storovych deformact tunelového osténi.

Tunel Frontshunt slouZicf jako startovaci komora TBM je 41m dlouhy a ma
vnittni prumér 4,15 m. Tloustka osténi tunelu je 315 mm (75 mm poCatecni
vrstva, 200 mm konstrukéni vrstva a 50 mm dokoncujici vrstva). Tunel se razil
v londynskych jilech s nadlozim 10 m (5 m jilu a 5 m §térku). I kdyZ se tunel
nachdzi asi 4 m pod hladinou spodni vody, jil je obecné béhem razby suchy.
Nejvyssi rychlost postupu byla priblizné 4 m za den.

Jednalo se o jednu z prvnich staveb, na které byl pouzit systém Tunnel-
Beamer™ jako néstroj pro uréeni geometrie. Proto byl soubézn¢ pouzit i DIBIT
systém, ktery slouzil pro ovéfeni presnosti systému TunnelBeamer™. Profil
osténi zjidtény pomoci obou systému byl velice podobny, takZe pro vSechny
dalsf tunely s OSB na stavbé T5 jiz kontrola DIBIT systémem nebyla poZado-
véna. Pfesnost zdznamt o mocnosti osténi, zjisténych systémem Tunnel-
Beamer™, byla také potvrzena pomoci hloubkovych vrta.

Vysledky monitoringu byly porovnény s prostorovym numerickym modelem
tunelu Frontshunt, zpracovanym firmou Mott MacDonald. Naméfené pohyby
horniny byly mensi, nez bylo predpoklédddno. Sedani stropu tunelu se pohybo-
valo mezi 4 az 8 mm (ve srovndni s ofekdvanymi 15 mm). Maximdln{ sednut{
terénu dosahovalo 8 mm, coz odpovid ztrdté objemu 0,7 % (ve srovnéni s pred-
pokladanou hodnotou 18 mm). Zjisténd vodorovnd deformace smérem k Celbé
byla 12 mm (ve srovndni s predpoklddanou hodnotou 30 mm). Monitorované
vodorovné deformace smérem k ose tunelu byly 5 mm (predpoklddéno 12 mm).
Tlakové bunky ukdzaly tlak 0,5 MPa ve vrcholu klenby (ve srovndni s predpo-
kladanym napétim 0,8 MPa). Znamen4 to, Ze kontrola deformaci masivu byla
velmi dobrd. Nesoulad méfeni s numerickym modelem provedenym ve FLAC
3D byl také Céstecné prisouzen pouZiti konzervativnich vstupnich parametra
zeminy, déle pak realizaci nékterych deformaci pred prvnim méfenim.

Krychle, vytvorené z betonové smési, a jadra vrtu, odebrané z osténi v pri-
béhu stavby tunelu, ukdzaly, Ze stifkany beton md soustavné vysokou kvalitu.
Dosahovand pevnost znaéné presahuje pevnost béznych smesi stitkaného beto-
nu. Jadrové vzorky ukdzaly pramérmou 28denni pevnost 68 MPa, s maximalni-
mi hodnotami presahujicimi 80 MPa. Pevnost mladého stitkaného betonu téZ
vyhovéla poZadavkim. Tato vysokd pevnost neméla Z4dné zjevné negativni
G¢inky na dlouhodobé choviéni stifkaného betonu, ani nezpuisobovala zdvazné
problémy pii jeho néstiiku.

Béhem razby tunelu Frontshunt byl beton nand$en pomoci dalkové ovlada-
ného manipuldtoru trysky. S timto zafizenim nebyly Zadné problémy, s vyjim-
kou obCasnych ucpavéni, zpusobenych béznym kolisénim vlastnosti smési
(v rozsahu poZadovanych parametri smési). Pozornost musi byt vénovdna
vytvdfeni pracovnich spdr, aby nedoslo ke vzniku dutin. Malé dutiny nejsou
povazovany za zdvazny konstrukéni problém, nicméné mohou mit vliv na vodo-
tésnost stifkaného betonu.
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deformation towards tunnel face was 12mm (compared to a predicted value of 30
mm). Monitored horizontal deformation towards tunnel centreline was Smm (pre-
dicted 12mm). Pressure cells showed hoop stress 0.5MPa in the tunnel lining
crown (compared to a predicted value of 0.8MPa). This represents a very good
control of ground movements. The discrepancy with the FLAC 3D numerical
model was attributed partly to the use of conservative design parameters for the
soil model and partly due to the fact that some deformations occur before the first
monitoring measurements are taken.

The cubes taken from the base mix and cores taken from the lining during the
construction of the tunnel have shown that the sprayed concrete to be very consi-
stent in both quality and strength, producing strengths far in excess of normal
sprayed concrete mixes. Core samples showed average 28 day strength of 68MPa
with maximum values above 80MPa. Early age strength of sprayed concrete also
satisfied design requirements. The high strength has had no obvious detrimental
effects on the permanent sprayed concrete, or caused any significant problems
during its placing.

During the Frontshunt construction the concrete was placed using a remote
controlled spraying robot. There were no significant problems with the equipment
apart from occasional blockages caused by normal variations in the mix (within
the mix parameters). Care is needed when the joints are formed to avoid creating
voids. Small voids were not considered to be a significant structural problem, but
they may have an effect on the watertightness of the sprayed concrete.

The Frontshunt construction proved that LaserShell™ is an effective method of
SCL construction in practice and that the tunnels behaved in line with the desig-
ners’ predictions. The rest of the SCL tunnelling at TS performed similarly well.

TUNNEL JUNCTIONS

SCL is very effective for forming tunnel junctions. The works at TS include
many shaft junctions with cross-passages which required special attention in
design. To cope with the stress concentrations at the junctions, the lining is local-
ly enlarged and several layers of reinforcement are placed to carry bending
moments in major directions (Fig.8). Steel bars are placed with the help of the
TunnelBeamer™ and they are sprayed over using sprayed concrete without fibres
(to assure proper bond of concrete and steel).

Differential settlement of adjacent SCL structures and its potential impact on the
lining watertightness is solved using crack inducers. Steel circular plates are buried
in sprayed concrete around the tunnel perimeter (Fig.9). Two FUKO injectable
grout tubes are attached to the steel plate on each side, running along the whole tun-
nel perimeter. In case of differential movement of adjacent structures the tunnel
lining is expected to crack directly in the location of crack inducer. The crack will
be sealed by grouting via FUKO tubes in the future. FUKO tubes are also attached
to all interfaces of segmental and sprayed lining in shafts to prevent water ingress.

.
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Fig. 9 Crack inducer ready to be sprayed over
1 - Interface of initial layer and first structural layer
2 - Single steel plate with four FUKO hoses
3 - Tapered finishing layer in area of crack inducer
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Realizace tunelu Frontshunt prokézala, Ze LaserShell™ je ti¢innou metodou
budoviéni tuneld pomoci OSB a Ze chovani tunelu bylo v souladu s predpokla-
dy navrhu. Nésledné razby pomoci LaserShell™ na stavbé TS mély podobné
dobré vysledky.

KRIZENI TUNELU

Metoda OSB je velmi efektivni pro vytvafeni nestandardnich profild. Préce na
stavbé T5 obsahuji mnoho kiiZen{ Sachet s propojovacimi chodbami, které vyza-
dovaly zv1astni pozornost pri ndvrhu. Pro pokryti koncentraci napéti v mistech
kiiZen{ je osténi lokdlné rozsifovano a do vzniklého prostoru je uloZeno nékolik
vrstev vyztuze, kterd prendsi ohybové momenty v hlavnich smérech (obr. 8).
Pruty vyztuZe jsou umistovany pomoci systému TunnelBeamer™ a jsou zastiiké-
vény betonem bez drétku (pro zajisténi dobré prilnavosti betonu a oceli).

Nerovnomérné sedani prilehlych konstrukei a jeho potencidlni vliv na vodo-
tésnost ostén{ jsou feSeny pomoci ,,budicu spar. Jednd se o ocelové mezikruzi
zabudované do stifkaného betonu po obvodu tunelu (obr. 9). K ocelové desce
jsou z kazdé strany pripevnény dvé injektovatelné hadice FUKO probihajici po
celém obvodu tunelu. Dojde-li k nerovnomémému sednuti sousedicich kon-
strukci, ocekdva se, Ze osténi praskne presné v misté ,,budict spar. Trhlinu 1ze
v budoucnosti utésnit pomocf injektdze hadicemi FUKO. V Sachtdch, pro zame-
zeni prusaku vody, jsou hadice FUKO i na vSech stykovych plochdch mezi
segmentovym a stifkanym osténim.

DETAILY STYKU

Dalsim projekénim problémem je styk osténi kaloty a osténi spodni klenby
v pripadech, kde je nutné spojovaci chodby o vét$im pruméru ¢lenit na dvé ¢asti.
Tento problém je feSen vloZenim pédst Kwikastrip (obr. 10), &imzZ je zajisténa
kontinuita tahové vyztuZe napfi¢ stykem. Pasy Kwikastrip jsou do paty osténi
kaloty vkladény béhem razby kaloty. Horni &dst ocelovych prutt ve tvaru U je

zabetonovéna pii ndstiiku osténi kaloty. Dolni &4st téchto prutd je narovndna
a zastiikédna pri realizaci osténi spodni klenby (obr. 10).

KOORDINACE RAZEB TERMINALU 5

Na termindlu 5 jsou pouzivany standardni postupy kontroly razeb s OSB.
Hlavnim koordinaénim prostiedkem jsou denni kontrolni schuizky, kterych se
ucastni zastupci Beton-und Monierbau, Mott MacDonald a MVJV. Na téchto
jednénich jsou vyhodnoceny vysledky naméfenych deformaci masivu a tunelo-
vého osténi. RovnéZ jsou prodiskutovany jakékoliv znamé nebo ocekdvané pro-
blémy. Vysledkem jedndni je podepsany ,,List poZadavkl na razbu a zajisténi
(LPRZ), ktery je podkladem pro provadéni razeb az do dalstho jednani (obr. 11).
Razba nesmi prekroCit staniCeni, vyznacené jako koncové v LPRZ. LPRZ je
velmi dobry komunikacni ndstroj, jelikoZ je dostate¢né srozumitelny i pro dél-
niky v tunelu. Jeho kopii vZdy dostévd preddk smény v tunelu.

Deformace tunelového osténi a seddni povrchu jsou odecitany denné béhem
razeb. Vysledky méfeni jsou porovnavany s varovnymi hodnotami, urCenymi
projektantem a pouZivanymi k posuzovéni chovani tunelu. Pfedem byly pripra-
veny tii rizné varovné hodnoty — zelend, 7lutd a Cervend. Prekrodeni varovnych
hodnot m4 za nésledek predem definovany sled akci ke korekei nepiiznivého
chovéni. Tato protiopatieni zahrnuji zvySeni Cetnosti méfeni dopliiujicich pro-
sttedky pro zajiténi vyrubu ¢ v extrémnim pifpadé evakuaci tunelu. Monito-
ring povrchu terénu je vrcholné duleZity z duvodu citlivosti nékterych povrcho-
vych staveb (Hilar a kol. 2005). Obecné jsou hodnoty sedéni, vyvolaného
razbami pomoci OSB, na stavbé termindlu 5 pod 20 mm. Maximdlni seddn{
vyvoland jak razbami s OSB spole¢né s razbami TBM i §titem (obr. 12) jsou
priblizné 35 mm.

JOINT DETAILS

Another design problem was the joint in the lining between the Top Heading
and Invert section where cross-passages of larger diameters have to be excavated
in two stages. The problem was solved by inserting pre-formed Kwikastrip units
to provide continuity of tensile reinforcement across the joint. When the Top Hea-
ding is constructed, the Kwikastrip units are laid at the footing of the side wall
and the ‘U shaped’ upper parts of bars are buried in sprayed concrete during the
spraying of the side wall. When the invert is excavated, the lower part of the bars
are exposed and they are straightened and sprayed into the lining of the invert sec-
tion (Fig.10).

CONSTRUCTION MANAGEMENT AT TERMINAL 5

The standard procedures for controlling the construction of SCL tunnels are
applied at Terminal 5. The key mechanism is the Daily Review Meetings (DRM),
which is attended by Beton- und Monierbau, Mott MacDonald and MVJV repre-
sentatives. Data from monitoring of the ground and the tunnel lining are review-
ed in the meeting and any known or anticipated problems are discussed. The out-
put from the meetings is a signed Required Excavation and Support Sheet
(RESS), which is the basis for construction until the next meeting (Fig.11). Con-
struction is not permitted to progress beyond the end chainage stated in the
current RESS. The RESS is a good communication tool as it is simple enough for
the miners in the tunnel to understand and a copy is given to the foreman in the
tunnel.

Deformation of the tunnel lining and surface settlement are monitored daily
during an excavation. These data are compared to trigger limits defined by the
designer and used to evaluate the performance of the tunnels. Three different trig-
ger limits were prepared in advance — green, amber and red. Crossing a Trigger
limit results in a pre-defined sequence of actions to correct the adverse behaviour.
These counter-measures range from increasing the frequency of monitoring fre-
quency to additional support measures and tunnel evacuation in the most extreme
case. The surface monitoring was extremely important due to sensitivity of some
surface structures (Hilar & Thomas 2005). Generally settlement induced by SCL
works at Terminal 5 stayed below 20mm and the maximum settlement generated
by both SCL and TBM/shield excavations (Fig.12) was about 35mm.

QUALITY CONTROL

The normal procedures for quality control of sprayed concrete are implemented
at Terminal 5, with some additional tests to check the durability of the concrete.

As on most SCL projects, Hilti penetration tests are undertaken to determine
the early age strength gain of the sprayed concrete. The tests are carried out 1hour,
3 hours and 6 hours after completion of spraying. The early age strength of the
sprayed concrete has to comply with the requirements of the Upper J2 class detai-
led in the Austrian Sprayed Concrete Guideline.

Core samples are regularly drilled out from the completed lining for testing.
Representative samples are taken from crown, axis, invert and also joints. Cores
are tested for compressive strength and density at 7,28, 90, and 365 days. At least
one set of four cores is tested at each age per 100m3 of the sprayed concrete. Per-
meability testing is undertaken on cores at 28 days. The required permeability is
10-12 my/s or less. Cores are visually inspected to assess for lamination, voids,
joints, bunching of fibres and segregation of aggregate. All core holes are repai-
red. Compressive strength of the base mix (without accelerator) is also tested on
cubes at 7 and 28 days. Average compressive strength of core and cube samples
at Terminal 5 is significantly above required value of 35MPa (Fig.13).

Obr. 10 Pds Kwikastrip: a - pred zastiikdnim do osténi kaloty; b - pred zastiikdnim do spodni klenby
Fig. 10 Kwikastrip: a - Kwikastrip prior to crown spraying; b - Kwikastrip prior to invert spraying
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Obr. 11 Ukdzka listu poZadavkii na raZbu a zajisténi (LPRZ)
Fig. 11 Required Excavation and Support Sheet (RESS) example

KONTROLA KVALITY

Na stavbé termindlu 5 jsou pouZivany bézné postupy kontroly kvality. Prid4-
ny byly nékteré zkousky na kontrolu Zivotnosti betonu.

Jako pii vétsing razeb pomoci OSB, i zde jsou provadény penetracni testy
Hilti pro stanoveni ndrtistu pevnosti mladého stitkaného betonu. Zkousky jsou
provadeény 1, 3 a 6 hodin po dokonceni néstriku. Pocatecni pevnost stitkaného
betonu musi vyhovét pribéhu pri homi hranici oboru J2, ktery je uveden
v rakouské smeérnici pro stitkany beton.

Z dokon&eného osténi jsou pravidelné odebirdny jadrové vrty. Reprezentativ-
nf vzorky osténi jsou odebirdny rovnomérné ze stropu, spodni klenby, stén a ze
spoju osténi. Jadra se zkousf na pevnost v tlaku a objemovou hmotnost po 7, 28,
90 a 365 dnech. Zkousena je nejméné jedna sada &tyf jader na 100 m? nastitka-
ného betonu. Zkousky propustnosti se provadéji na jadrech po 28 dnech. Poza-
dovand propustnost je 102 m/s ¢i nizsi. Pro hodnoceni laminace, dutin, spdr,
shlukovdni vldken a segregace kameniva jsou jddra kontrolovéna vizudlng.
Vsechny otvory po odvrtech jsou zabetonovény. Pevnost v tlaku zdkladni smési
(bez urychlovace) je také zkousena na krychlich po 7
a 28 dnech. Priméma pevnost v tlaku u vzorku jader
vrtd a krychli na stavbé termindlu 5 je vyrazné nad
pozadovanou hodnotou 35 MPa (obr. 13).

—— 7.den/7day —— 28.den/28 day
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Obr. 12 PrordZka stitu Dosco do propojovaci chodby T5C HExEx
Fig. 12 Dosco shield breakthrough in T5C HExEx Downline cross-passage

Cracking of the lining was observed on the joints of the finishing layer, but
cracking of the structural layer is very rare. Occasional hairline cracking of
the structural layer is problem with regards to the lining watertightness. The
problem is successfully solved by supplementary grouting behind the lining.
Core samples examination proved that there is very little voiding at the con-
struction joints.

The TunnelBeamer™ is used to record the profile of excavation, initial
layer, structural layer and finishing layer (Fig.14). The key advantage of the
TunnelBeamer™ is that the construction team can check instantly how much
and where to excavate or to spray. Once the TunnelBeamer™ has been set up
there is no interference to the ongoing work. Also it is simple enough for
miners to use as well as engineers. The TunnelBeamer™ allows an accurate
generation of very complicated tunnel shapes with a minimal over-excavati-
on. The records from it can be also used as the “as-built” records. The data
are used to evaluate over-excavation, the minimum thickness of all layers and
final profile of the tunnel. The lining thickness is independently confirmed by
measurement of the core holes depth and by occasionally drilling thickness
holes. Accuracy of excavated and sprayed profiles at Terminal 5 is well wit-
hin acceptable tolerances (usually within several centimetres).

CONCLUSION

Sprayed concrete linings for tunnels have proven to be a cost-effective and
versatile method for creating underground spaces. The SCL method was ori-
ginally developed in rock tunnels but it is now used widely in soft ground.
During the last ten years the use of SCL tunnelling has spread rapidly in the
UK. The consequences of poor construction management and improper use
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Fig. 13 Compressive strength of core samples
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profilu tunelu. Mocnost
osténi je nezdvisle kontro-
lovdna méfenim hloubky
otvort po odvrtech jader &i
prilezitostné provddénim
hloubkovych vrtti. Pfesnost
' profilu vyrubu a profilu
} osténi na stavbé termindlu
5 se nachdzi bezpecné
uvnitf dovolenych toleran-
ci (obvykle se pohybuje
v rozpéti nékolika centi-
metra).

ZAVER

OSB se osvédcilo jako
ekonomicky efektivni
a viestrannd metoda
budovani podzemnich
staveb. Metoda NRTM
byla puvodné vyvinuta
pro tunely ve skalnich
horninéch, nyni se jiz sti-
kany beton hojné pouziva
i v zemindch. Béhem uplynulych deseti let se pouZivani razeb pomoci OSB
v Briténii rychle rozsifilo. Byly ziskdny zkuSenosti s ndsledky $patné organiza-
ce stavby a nevhodného pouziti OSB, které vSak lze prekonat pouZitim pevné
stanovenych procedur koordinace stavby.

Konstrukee ze stitkaného betonu, vytvorené na stavbé termindlu 5 pomoci
metody LaserShell™, patfi mezi nejkvalitnéjsi na svété. Ukdzalo se, Ze velké
usili, vynaloZené na vyvoj tohoto inovacniho systému, se vyplatilo. Tato meto-
da je velmi vhodnd pro budovani podzemnich staveb sloZitych tvara (obr. 15).
Razby zplsobuji pouze velmi nizké seddni povrchu, které vyhovuje prisnym
ndrokum na razby pod provozovanym leti§tém. I zéznamy o nehoddch béhem
realizace vyznivaji velmi pozitivné.

Jedna z hlavnich novinek metody LaserShell™ je pouZiti systému Tunnel-
Beamer™ pro kontrolu profilu. Odstranila se tim potfeba piihradovych nosnika,
coz néasledné odstrafiuje zdvaznd rizika bezpeCnosti a Zivotnosti. PouZivani
systému TunnelBeamer™ vyZaduje jistou zkuSenost, nicméné inZenyfi se s timto
néstrojem pomérné rychle sezndmili.

Obr. 14 InZenyr smény pouZivd TunnelBeamer™
pro zaznamendni tvaru vyrubu

Fig. 14 Shift engineer using TunnelBeamer™
to record the excavation geometry
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Obr. 15 Silniéni tunel na letistni strané (ART) — mistnost zabezpedeni po
dokonceni
Fig. 15 Airside Road Tunnel — Load Centre Room after completion

of SCL have also been experienced but these can be overcome using robust
construction management procedures.

The most recent SCL tunnelling at Terminal 5 using the LaserShell™ is
amongst the highest quality sprayed concrete work in the world. The signifi-
cant effort expended to develop this innovative system has proved worth-
while as the method is a very good for the construction of underground struc-
tures with complicated geometries (Fig. 15). The tunnelling resulted in very
small surface settlements, which fulfilled the strict demands for the tunnel-
ling under the live airport. Also the accident record was very good.

One of the key innovations of the LaserShell™ method is the use of the
TunnelBeamer™ for profile control. This removes the need of lattice girders
which in turn removes significant safety and durability hazards. Operating
the TunnelBeamer™ does require some skill but the engineers quickly beca-
me familiar with the instrument.
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ANALYZA UCINKU NAHODILEHO ZATIiZENi POVRCHU
DOPRAVOU NA OSTENI PODZEMNIHO DILA

ANALYSIS OF THE IMPACT OF SURFACE TRAFFIC INDUCED
LIVE LOAD ACTION ON LINERS OF UNDERGROUND WORKS

JIRI BARTAK,

U mélce uloZzenych podzemnich staveb, zejména u staveb umisté-
nych v centrdlni, pripadné historické Cdsti velkych meést (dopravni
tunely, podchody, kolektory a jejich komory, kanalizaéni sbérace
apod.) muze byt dimenzovéani osténi ovlivnéno nahodilym zatiZenim
povrchu tzemi. Velikost pfitiZeni podzemni stavby povrchovym zati-
Zenim zavisi na velikosti nahodilého zatiZeni, jeho plo$né konfiguraci
a umisténi, vySce nadloZi nad osténim tunelu a fyzikdlné-mechanic-
kych vlastnostech nadloZznich hornin.

V ¢lanku je provedena analyza statického zatiZzeni povrchu pruzné-
ho poloprostoru dopravnimi prostfedky (ndkladnimi automobily
a tramvajemi), stejny postup lze aplikovat i na jind staticka zatiZenf,
napr. zdvihaci mechanismy, sila na cement apod.

1. ZATIZENI NEKOLEJOVOU DOPRAVOU

Vzhledem k tomu, Ze neexistuje specificky normativni predpis pro
typy zatiZeni povrchu v souvislosti s podzemnimi stavbami, je obvykle
pouzivan adekvatni predpis mostni — CSN 73 6203 , ZatiZeni mostii“.
Se zatiZenim podle uvedené normy byly porovndny ucinky redlnych
ndkladnich vozidel — tii- a Ctyfndpravovd Tatra 815 a Tatra Jamal.

1.1 ZATIZENI DLE MOSTNICH PREDPISU — CSN 73 6203

Dle CSN 73 6203 »Zatizeni mostu je zatiZitelnost mostu ddna nej-
vetsi okamzZitou hmotnosti vozidel, jejichZ jizdu I1ze na mosté dovolit za
podminek ur¢enych normou. Podle druhu idedlniho svislého pohyblivé-
ho zatiZeni se u mostil na délnicich, silnicich a mistnich komunikacich
stanovuje zatiZitelnost normdlni, vyhradni a vyjime¢nd. Pro tyto druhy
zatiZitelnosti uddva norma CSN 73 6203 riizna seskupent riiznych druhd
vozidel.

JelikoZ analyza, kterou se ¢ldnek zabyvd, je zaméfena na zatiZeni
v centrdlnich &astech urbanistickych celku, je mozné jako zatizeni
povrchu dle CSN 736203 uvazovat vozidla dvou-, tii- a &tyfndpravo-
vd, pouzivand pro stanoveni normdlni, resp. vyhradni zatiZitelnosti
zatéZovaci tiidy mosti A a B.

DVOUNAPRAVOVE VOZIDLO

Dvoundpravové vozidlo dle CSN 73 6203 m4 pro zatéZovaci tiidu
A vdhu 32 t, resp. 22 t pro zatézovaci tiidu B. Rozméry vozidla a jed-
notlivé tlaky kol jsou patrné ze schématu na obr. 1.

TRINAPRAVOVE VOZIDLO

T¥indpravové vozidlo dle CSN 73 6203 je vozidlo se stejnou vahou
jako vozidlo dvoundpravové, ale s jinym rozloZzenim geometrie kol.

AF =120 kN
B:F =82,5kN
AF =40 kN
B:F =27,5kN ~
|
27 AF=120kN

B:F = 82,5 kN
A:F = 40 kN
B:F = 27,5kN
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Obr. 1 Schéma zatiZeni dvoundpravovym vozidlem
Fig.1 Two-axle vehicle loading action chart

PAVEL RUZICKA

Structural design of near-surface tunnels, primarily structures positio-
ned in central or historic parts of cities (transit tunnels, subways, utility
tunnels and their chambers, interceptor sewers, etc.) can be affected by
live loads acting on the ground surface. The magnitude of the surplus load
acting on an underground structure due to the ground surface loading
depends on the magnitude of the live load, its area configuration and posi-
tion, thickness of the cover above the tunnel lining, and physical-mecha-
nical properties of the overlaying ground.

The paper contains an analysis of static loads imposed by vehicles (lorries,
street cars), acting on the surface of elastic half-space; identical procedures can
be utilised also in the case of other static loads, e.g. cranes, cement silos etc.

1. TRACKLESS HAULAGE LOAD

With respect to the fact that no specific normative regulation exists
regarding the ground surface loading associated with underground struc-
tures, the usually used adequate regulation is the Czech national norm
CSN 73 6203 “Action on Bridges”. Effects of real lorries, a three-axle
Tatra 815 and four-axle Tatra Jamal, were compared with the loads deter-
mined using the procedures contained in the above-mentioned norm.

1.1 LOADING PATTERNS CONTAINED IN BRIDGE DESIGN
REGULATIONS - CSN 73 6203

According the CSN 73 6203 “Action on Bridges™, the bridge loading
capacity is given by the highest laden weight of vehicles allowed to drive
on the bridge under conditions stipulated by the norm. Depending on the
type of the ideal vertical live load, the norm defines normal, exclusive and
exceptional types of loading capacity for on highway, road and local road
bridges. The norm CSN 73 6203 defines various arrays of various types of
vehicles for the above-mentioned loading capacity types.

Because the analysis dealt with in this paper is focused on the loading
patterns occurring in central parts of cities, we can consider as the sources
of surface loading two-, three- and four-axle vehicles according to CSN 73
6203. They are used for the determination of normal or exclusive loading
capacity for bridge loading classes A and B.

TWO-AXLE VEHICLE

The weight of the two-axle vehicle defined by CSN 73 6203 is 32t and
22t for the loading class A and B respectively. Vehicle dimensions and
pressures exerted by individual wheels are shown in the chart in Fig. 1.

THREE-AXLE VEHICLE

The weight of the three-axle vehicle is, according to CSN 73 6203,
identical with the weight of the two-axle vehicle, only the configuration of
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i
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Obr. 2 Schéma zatiZeni trindpravovym vozidlem
Fig. 2 Three-axle vehicle loading action chart
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Obr. 3 Schéma zatiZeni étyrndpravovym vozidlem
Fig.3 Four-axle vehicle loading action chart

Rozméry tohoto vozidla a jednotlivé tlaky kol jsou patrné ze schéma-
tu na obr. 2.

CTYRNAPRAVOVE VOZIDLO

Ctyindpravové vozidlo uvazované dle CSN 73 6203 md pro zatéo-
vaci tfidu A vahu 80 t, pro zatézovaci tfidu B vdhu 40 t. Rozméry
tohoto vozidla a jednotlivé tlaky kol jsou patrné ze schématu na obr. 3.

1.2 ZATiZENI REALNYMI VOZIDLY

V nekterych pripadech je tcelné stanovit G¢inky zatiZeni na pod-
zemni stavbu na zdkladé zatiZeni redlnym typem ndkladniho automo-
bilu. Napr. u kolektoru v historické ¢4sti mésta, kam je vjezd t€zkych
vozidel zakdzan, muZe byt osténi vystaveno d¢inkum zatiZzeni vozidly,
jejichZ provoz souvisi s vystavbou podzemniho dila.

Vénujme pozornost t€zkym nékladnim vozidlim z vyrobniho pro-
gramu spole¢nosti Tatra, které jsou v CR nejroziifendjsi. Mezi témito
vozidly jsou z hlediska jejich hmotnosti nejzajimavéjsi skldpéce T815
a Jamal. Jejich dosedaci plochy jsou 0,2 x 0,6 m na zadni ndpravé pod
zdvojenym kolem a 0,2 x 0,3 m na pfedni ndpravé pod kolem jedno-
duchym.

TATRA T815 V PROVEDENI TRINAPRAVOVEM

Tatra T815 v tiindpravovém provedeni je zcela bézny typ ndkladni-
ho vozidla slouZictho k odvozu nejriiznéjich materiali. V CR je nej-
vice pouZivany a svoji maximdlni hmotnosti 30 t pfi plném naloZeni se
fadi ve své kategorii k nejtéZ§im. Na predni ndpravu mé nejvetsi pii-
pustnou hmotnost 7 t, na zadni 2 x 11,5 t. Rozchod predni ndpravy je
1994 mm, zadni 1774 mm (obr. 4).

TATRA T815 V PROVEDENI CTYRNAPRAVOVEM

Tatra T815 ve &tyfndpravovém provedeni je méné Casto pouZivany
typ vozidla neZ tfindpravova T815 6 x 6, nicméné je u rady stavebnich
podniku sou¢dsti automobilového parku. Navic se v soucasnosti stdle
Casteji vyskytuji zahrani¢ni vozidla znacek Mann, Scania a dalsf, kterd
kategorii. Nejvetsi pripustnou hmotnost v plném naloZeni ma 36 t, a to
v rozloZeni 2 x 7 t na predni ndpravy a 2 x 11 t na ndpravy zadni (obr.
5 a 6). Rozchod je stejny jako u tifndpravové T815 6 x 6.

TATRA JAMAL

tiindpravovy nékladni automobil, ktery se v soucasné dobé muze
v bézném provozu vyskytnout. Jeho maximélni hmotnost v plném
naloZeni je 38 t. Nejvetsi pripustnd hmotnost zde ¢inf 8 t na prednf
a 2 x 15 t na zadni ndpravy. Rozchod vpredu je 2042 mm, vzadu
1870 mm (obr. 7).

2. ZATIZENI KOLEJOVOU DOPRAVOU (TRAMVAJD)

V normé CSN 73 6203 »Zatizeni mosta“ je uvedena zatiZitelnost
mostu kolejovou dopravou trojtho typu. Jednak Zelezni¢ni dopravou
(zatiZenf na tratich CD piipadné privatnich tratich), a jednak méstskou
kolejovou dopravou, kterd se déle déli na tramvajovou dopravu
a metro. Z téchto moznosti jsou v ¢lanku sledovéany déinky povrchové
tramvajové dopravy, kterd je obvykle charakteristickou soucdsti cent-
ralni oblasti velkych mést.
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Obr. 4 Schéma trindpravového vozidla T815
Fig.4 Chart of a T815 three-axle vehicle

the wheels is different. Dimensions of this vehicle, and individual wheel
exerted forces are shown in the chart in Fig. 2.

FOUR-AXLE VEHICLE

The weight of the four-axle vehicle defined by CSN 73 6203 is 80t and
40t for the loading class A and B respectively. Vehicle dimensions and
pressures exerted by individual wheels are shown in the chart in Fig. 3.

1.2 LOADING BY REAL VEHICLES

It is reasonable in some cases if the effects of the load action on an
underground structure are determined on the basis of the loading by a real
type of a lorry. Utility tunnels in historic parts of cities, for instance, can
be exposed to the effects of loading by vehicles operated in the course of
the particular tunnel construction.

Let us focus on heavy lorries from the manufacturing program of Tatra,
which are the most common lorries in the CR. The most interesting types
among those lorries in terms of their weight are T815 and Jamal dumpers.
Their contact surfaces are 0.2 x 0,6m under the dual wheel (twin tyres) on
the rear axle, and 0.2 x 0.3m under the single wheel on the front axle.

THREE-AXLE TYPE OF TATRA 815

The three-axle type of the Tatra 815 lorry is a common type used for
transportation of various materials. It is the most frequently used lorry in
the CR, and its fully laden weight of 30t places it among the heaviest lor-
ries of its category. The maximum allowable load on the rear axle and
front axle amounts to 7t and 2x11.5t respectively. The front track and rear
track is of 1994mm and 1774mm respectively (see Fig. 4).

FOUR-AXLE TYPE OF TATRA 815

The three-axle type of Tatra 815 lorry is a type used less frequently than
the three-axle T815 6x6, nevertheless, it is part of fleets of many con-
struction companies. Apart from this, more and more frequent types in the
current traffic on roads are foreign vehicles Mann, Scania and other, which
also have four axles. This type of T815 is, however, the heaviest in its
category. The maximum loaded vehicle weight is of 36t, distributed to 2
x 7t on the front axles and 2 x 11t on the rear axles (see Fig. 5 and 6). The
tracks are identical with the tracks of the three-axle T815 6 x 6.

TATRA JAMAL

The tipping type of the Jamal Tatra is the heaviest three-axle lorry that
can be currently met in common traffic. The maximum weight on the front
axle and rear axle amounts to 8t and 2 x 15t respectively. Front track and
rear track is of 2042 mm and 1870mm respectively (see Fig. 7).
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Obr. 5 Schéma ¢étyrndpravového vozidla T815
Fig.5 Chart of a T815 four-axle vehicle




Obr. 6 Tatra T815 - tyFndpravové provedeni

Fig. 6 Four-axle Tatra T818
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Obr. 7 Schéma vozidla Tatra Jamal
Fig. 7 Chart of a Tatra Jamal vehicle

V CSN 73 6203 je uvedena zatiZitelnost tramvajovych trati na kole-
jovém lozi na pti¢nych podporéch, tj. prazcich. O tramvajovych tratich
uloZenych na velkoplo$nych panelech mostni norma nepojedndva.
Zatizeni, kterym tramvaj pusobi na kolejnice, je 480 kN na jeden viz.
Mostni norma uvazuje pro vypocet dva tramvajové vozy spojené do
jedné soupravy (obr. 8).

Konstrukce tramvajové traté se sklada ze svrSku a spodku tramvajo-
vé trate. Svrsek tramvajové traté je zpravidla tvoren podkladem kole-
jového svrsku a krytem tramvajové traté. Podklad kolejového svrsku
je ¢ast, kterd prendsi zatizeni z kolejovych pasa na spodek tramvajové
traté. Podklad muZe byt tvoren kolejovym lozem, podkladnimi vrstva-
mi, pfi¢nymi prazci, podélnymi prahy a prazcovymi nebo monolitic-
kymi deskami. Kryt tramvajové traté vyrovnava prostor mezi a vné
kolejnicovych pdsu az do drovné temene kolejnic. Tim je umoZnéno
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Obr. 8 Schéma zatiZeni tramvaji
Fig. 8 Streetcar load chart
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Obr. 9 Roznos zatiZeni z kolejnic do prazcii dle CSN 73 6203 5
Fig. 9 Spreading of load from rails to sleepers according to CSN 73 6203
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2. TRACK HAULAGE LOAD (STREET CARS)

The norm CSN 73 6203 “Action on Bridges” defines three types of the
track haulage load capacity, namely the loading by railway traffic (loads
on Czech Railways’s tracks or private tracks) and by urban railway traffic
divided further into streetcar traffic and metro. Out of those types, this
paper deals with the effects of at-grade streetcar traffic, which is usually
characteristic part of central areas of cities.

CSN 73 6203 stipulates loading capacity of streetcar tracks on track bed
and lateral supports, i.e. sleepers. The bridge norm does not cover streetcar
tracks laid on large-size panels. The load exerted by the street car on the rail
amounts to 480 kN per car. For the purpose of the structural analysis, the
bridge norm considers two street cars coupled into one train (see Fig. 8).

A streetcar track consists of superstructure and substructure. The street-
car superstructure usually comprises trackwork (stretches of rails and sup-
port elements) and a track cover. The support elements transfer the load
from rails to the track substructure. The support elements may comprise
ballast, base courses, lateral sleepers, longitudinal plinths and sleeper-type
or cast-in-situ panels. The track cover is designed to fill the space betwe-
en and outside the rail stretches up to the level of the running surface of
the rails. This solution allows also trackless haulage to use the track. An
open-type superstructure track does not comprise the track cover. The
track substructure consists of an embankment, drains and other structures
under the formation.

Streetcar trackwork is usually constructed using web-flange rails laid on
concrete sleepers, or block-type flange rails designed for installation on
large-size concrete panels.

STREETCAR TRACKWORK WITH LATERAL SUPPORTS - SLEEPERS

Sleepers on streetcar tracks are placed at 60cm spacing. Dimensions of
the currently commonly used sleepers are 2420 x 220 mm in plan view;
their height is 202 mm. Spreading of the load from rails to sleepers is con-
sidered as shown in the chart (see Fig. 9).

STREETCAR TRACKWORK WITH LARGE-SIZE PANELS

The norm does not prescribe the pattern of the load spreading from rails
to panels. The panels are 2200mm wide, 180mm thick, and their produc-
tion lengths vary from 0.6m to 6m.

The analysis took into consideration both extreme cases of bearing of
the stretches of rails, i.e. rails born by the shortest and longest panels, on
the assumption that the load acting on the rail affects only the panel under
this load, not the neighbouring panels. To give a more realistic picture of
the load transfer from rails to the panels, the load spreading from the rails
to the panels in the case of the shortest panels was considered according
to the chart shown in Fig. 10.

3. ANALYSIS OF THE IMPACT OF SURFACE
TRAFFIC INDUCED LIVE LOAD ACTION ON
SURPLUS LOAD WITHIN THE GROUND
ENVIRONMENT UNDER THE FORMATION LEVEL

The analysis of the impact of surface traffic induced live load action on
surplus load within the ground environment under the formation level was
carried out using 3D models of the load spreading in half-space. The models
allowed us to determine the course of the composite action of the individu-
al loads, changing with depth. The depth-stress curve for elastic homogene-
ous half-space (idealised rock mass) was solved according to Boussinesq.

3.1 LOAD SPREADING ALONG THE OVERBURDEN DEPTH

From the engineering point of view, we can assume that the load spre-
ads through rock mass vertically at a 30° to 45° angle. Because the lorry
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Obr. 10 Roznos zatiZeni z kolejnic do spolupusobicich paneli
Fig. 10 Load spreading from rails to interacting panels
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Obr. 11 Roznos zatiZeni od kontaktnich ploch vozidel dle CSN 73 6203
a - tiindpravové vozidlo, b - étyFndpravové vozidlo

Fig. 11 Spreading of loads exerted by vehicles on contact surfaces according
to CSN 73 6203
a - three-axle vehicle, b - four-axle vehicle

pojizdeéni traté i nekolejovou dopravou. Trat's otevienym kolejovym

loZem kryt tramvajové trat€¢ neobsahuje. Spodek tramvajové traté je

tvofen zemnim télesem, odvodnovacimi stavbami a jinymi objekty.
Pro svriek tramvajové trat€ se pouZzivaji stojinové zlabkové kolejni-

ce ukladané na betonové prazce, nebo blokové Zldbkové kolejnice pro

velkoplo$né betonové panely.

TRAMVAJOVE TRATE NA PRICNYCH PODPORACH

- PRAZCICH

Tramvajové traté maji prazce od sebe vzdaleny Sedesét centimetra.
Rozméry dnes béZné pouzivanych prazci maji pudorysny rozmér
2420 x 220 mm a vySku 202 mm. Roznos zatiZeni z kolejnic na praz-
ce se uvazuje podle schématu (obr. 9).

TRAMVAJOVE TRATE NA VELKOPLOSNYCH PANELECH

U tramvajovych trati uloZenych na velkoplo$nych panelech most-
ni norma nepredepisuje roznos zatiZzeni z kolejnic na panely. Panely
maji $itku 2200 mm a vy$ku 180 mm, vyrobni délky jsou razné, od
0,6 do 6 m.

Pii analyze byly uvazovdny oba extrémni pripady uloZeni, tj. ulo-
Zeni tramvajové trati na nejkratSich, resp. nejdelSich panelech, za
predpokladu, Ze zatiZeni na kolejnici ovliviiuje pouze panel pod timto
zatiZzenim a nikoliv panely sousedni. Pro vystiZen{ redln¢j$iho pfeno-
su zatiZen{ z kolejnic do panela byl pro uloZeni na nejkratsich pane-
lech je$té uvazovén roznos zatiZeni z kolejnic do panelt dle schéma-
tu z obr. 10.

3. ROZBOR VLIVU USPORADANI
POVRCHOVEHO ZATIZENi DOPRAVOU
NA PRITIZENI UVNITR ZEMNIHO TELESA

Rozbor vlivu usporadani povrchového zatiZeni na pfitizeni uvnitt
zemniho télesa byl proveden pomoci 3D modeld roznosu zatiZen{
poloprostorem, z nichZ je moZno zjistit prubéh vzdjemného ovliviio-
van{ zatizen{ s narustajici hloubkou. Pribéh napéti v pruzném homo-
gennim poloprostoru (idealizovaném horninovém masivu) v zdvislos-
ti na hloubce byl feSen podle Bussinesqa.

3.1 ROZNOS ZATIZENi PO VYSCE NADLOZ|

Z inzenyrského hlediska lze predpoklddat, Ze zatiZen{ se $if{ horni-
nou ve svislém sméru pod dhlem 30° az 45°. Jelikoz dosedaci plochy
od kol automobild nebo od prazcu ¢i panelt tramvajovych trati jsou
obdélnikového tvaru (pripadné kruhového tvaru, pokud by byla kon-
taktni plocha zatiZeni uvazovéna dle CSN 736114 ,,Vozovky pozem-
nich komunikaci*), je nutno tc¢inky rozndSet zeminou pod zvolenym
dhlem od hran kontaktnich obdélnikovych, resp. kruhovych ploch.
Tim vznikaji od jednotlivych zatiZeni v zeminé prostorové roznosové
z6ny kuZelového tvaru; jejich G¢inky se s narustajici hloubkou postup-
né kumuluji podle toho, jak se tyto z6ny od jednotlivych zatéZzovacich
ploch prekryvaji. V libovolném horizontalnim fezu jsou svisld napéti
na jednotlivych zatéZovacich plochdch v celém rozsahu reprezentova-
na teoretickym Boussinesqovym napétim, vypoctenym na svislici pod
sttedem zatéZovaci kontaktni plochy (dosedaci plocha pneumatik,
praZce, panely). Byly feSeny roznosy vSech vySe uvedenych typu zati-
Zeni, priklady roznosu vybranych nahodilych zatiZeni povrchu do
hloubky péti metrl jsou patrné ze schémat na obr. 11 az 13.

Obr. 12 Roznos zatizeni od kontaktnich ploch redlnych vozidel
a - étyrndpravovd Tatra T815, b - Tatra Jamal

Fig. 12 Spreading of loads exerted by real vehicles on contact surfaces
a - four-axle Tatra T815 b - Tatra Jamal

wheel contact surfaces or sleeper or trackbed panel contact surfaces are
rectangular (or circular if we assume the load contact surface according to
CSN 73 6114 “Road Pavements”), the effects must be considered as spre-
ading through the ground at a selected angle from edges of the rectangu-
lar or circular contact surfaces. This procedure creates spatial conical load-
spreading zones in the ground environment under the individual loads.
Their effects accumulate with depth, depending on the extent of overlap-
ping of the individual load-spreading zones. At any arbitrary horizontal
cross section, the vertical stresses on individual loading surfaces are fully
represented by the theoretical Boussinesq stress calculated along a vertical
line, under the centre of the load contact surface (contacts of tyres, slee-
pers, panels). The load-spreading problem was solved for all above-men-
tioned loading types; examples of spreading of selected live loads acting
on the ground surface up to a depth of five metres are presented in the
charts below (see Fig. 11 to 13).

3.2 LOAD TRANSFER FROM THE GROUND SURFACE LEVEL
TO A DEPTH AND STATE OF STRESS IN THE GROUND

The magnitude of the stress in the ground induced by the loading vehic-
les according to CSN 73 6203, by real vehicles and streetcar tracks born
both by sleepers and large-size panels can be determined using the same
method as in the case of a rectangular foundation slab. Therefore the met-
hod of calculation of the theoretical stress under the centre of a rectangu-
lar loading surface using calculation models for determination of a verti-
cal component of stress in ground defined by CSN 73 1001 “Subsoil under
Shallow Foundations”. Because this norm allows only stress under a cor-
ner of a rectangular foundation slab to be solved, it is necessary to deter-
mine the stress under the corner of a quarter-area slab, and subsequently
to recalculate this stress to the stress under the centre of the complete loa-
ding surface. The course of the state of stress induced by a load acting on
a circular contact surface (according to the above-mentioned norm CSN

Obr. 13 Roznos zatiZeni od tramvajové traté
a - uloZeni na praZcich, b - uloZeni na panelech 2,2 x 0,6 m, c¢ - uloZeni
na panelech 2,2 x 6 m

Fig. 13 Spreading of loads exerted by a streetcar track
a — sleeper-type of bearing, b - bearing panels 2.2 x 0.6m, c - bearing

panel 2.2 x 6m



Toel

CSN 736203 4-NPV-A
Vstupni hodnoty
Entrance value
F= 100,0kN
z= 4,600m
A= 0,2x0,6m
f= F/A = B33.333kN/m?
m= 02
= 20kN/m®
Kontaktni napéti
Contact stress
= H(2.m) {arctg(Lbi(z.(P+b%+2%) 4+ Lb /(1P +b%+2%) 2 (1117 +2°)+1/(b+2)))=0, 56 2kN/m?
O Opu _4 = 2,248kN/m?

Globalni napéti
Global stress
h[m] TAi a, [kN/m?| o, [kN/m?)

0,2 1x0,2x0,6 437,856 0,800
04 1x0,2x0,6 200,859 1,600
0,6 1x0,2x0,6 108,381 2,400
0.8 1x0,2x0,6 66,159 3,200
0,8 2x0,2x0,6 132,317 3,200

1 2x0,2x0,6 88,234 4,000
12 2x0,2x0,6 62,718 4,800
1.4 2x0,2x0,6 46,747 5,600
16 2x0,2x0,6 36,132 6,400
1.8 2x0,2x0,6 28,737 7,200
18 6x0,2x0,6 86,211 7,200
2 6x0,2x0,6 70,163 8,000
24 6x0,2x0,6 49,028 9,600
26 6x0,2x0,6 41,863 10,400
28 6x0,2x0,6 36,157 11,200
28 8x0,2x0,6 48,209 11,200

3 8x0,2x0,6 42,053 12,000
32 8x0,2x0,6 37,001 12,800
34 8x0,2x0,6 32,806 13,600
36 8x0,2x0,6 29,285 14,400
38 8x0,2x0,6 26,301 15,200

4 8x0,2x0,6 23,750 16,000
4.2 8x0,2x0,6 21,552 16,800
44 8x0,2x0,6 19,645 17,600
46 8x0,2x0,6 17,981 18,400
48 Bx0,2x0,6 16,519 19,200

5 8x0,2x0,6 15,228 20,000
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73 6114) can be determined by calculating the depth-stress curve under the
centre of a circular foundation slab.

The load is transferred from the ground surface to the depth of the
rock mass according to Boussinesq’s theory (homogeneous, isotropic,
linearly elastic material). Within such the half-space, a load action on
the surface triggers a theoretical change in the state of stress (therefo-
re it also causes deformation of the environment) to an infinite depth.
Real ground, however, deforms only to the depth that the values of the
vertical stress o, and the structural (intrinsic) strength of ground oy
equalise at. The depth that the structural strength and vertical stress in
the ground environment induced by a load action on the ground surfa-
ce equalise at determines the lower limit of so-called deformation
zone, which the relevant stress-strain changes take place in. We can
gather from the fact that the ground beneath this zone does not deform
any more that a live load action on the ground surface induces
the surplus load action only on the tunnel liner found in the deforma-
tion zone.

Structural strength, which can be determined according to CSN 73
1001 using a surplus load correction index m, depends on the type of
the foundation ground; this strength assumes values 0.1 to 0.5 times
the pressure induced by the weight of the overburden o, at the parti-
cular depth.

Subject of the analysis were the curves of vertical stress induced by
all above-mentioned types of the live load acting on the ground surfa-
ce. Calculations of the curves of vertical stress (surplus load) for the
selected types of live load are shown in Table 1 and 2; the influence of
the structural strength of ground on the depth of the deformation zone

Tab. 1 Vypodet prubéhu napéti o; a 05 od zatiZeni povrchu C{tyFndpravovym
vozidlem zatéZovaci tiidy A podle CSN 73 6203
Table 1 Calculation of the depth-stress curve for 0; and Oy induced by a four-
axle vehicle, loading class A according to CSN 73 6203, loading the
ground surface

3.2 PRENOS ZATiZENi Z POVRCHU DO HLOUBKY
A NAPJATOST V ZEMINE

Velikost napéti v zeminé od zatéZovacich vozidel podle CSN 73
6203, redlnych vozidel a tramvajovych trati uloZenych jak na prazcich,

100 200 300 400

TATRA T815-4
Vstupni hodnoty
Entry values
F= 375N
z= 3200m
A= 0,2x0,3m
f= F/A = B625000kN/m?
m= 02
= 20kN/m®
Kontaktni napéti
Contact stress
Ty = fi(2.m).(arcig(l.bi/(z. (" +b*+2%) * )+ bzl (P #b +2°) 2 (117 +27 1 1B +27)))=0,436kNIm”
0= g 4 = 1,744kNIM?
Vstupni hodnoty
Entry values
F= 57.5kN
z= 3200m
A= 0,2x0,6m
f= FIA = 479,167TkN/m*
m= 02
= 20kNIm’
Kontaktni napéti
Contact stress
Oy = #H{2.7). (arctg(lbiz (P +b™+2%) )+ b2l (P st +2%) 2 (1P +27 P 1(b+27))j=0,665KNIm
0= O 4 = 2 B59kN/mM*
Globaini napéti
Global stress
h[m] EAI &, [kNim?) &, [kN/m®]
0,2 1x0,2¢0,3 267,682 0,800
0.2 1x0,2¢0,6 251,767 0,800
04 1x0,2x0.6 115,494 1,600
06 1x0,2¢0,6 62,319 2,400
08 1x0,2¢0,6 38,041 3,200
08 2x0.2x0.3 53,683 3.200
1 2x0,2x0,3 34,866 4,000
1 2%0,2¢0,6 50,735 4,000
1.2 2x0,2x0,6 36,063 4,800
12 4x%0,2x0,6 72,125 4,800
14 4x0,2x0,6 53,759 5,600
16 4x0,2x0,6 41,552 6,400
18 4x0,2x0,6 33,048 7,200
2 4x0,2¢0,6 26,896 8,000
2.2 4x0,2¢0,6 22,306 8,800
24 4x0,2x0,6 18,794 9,600
26 4x0,2x0,6 16,048 10400
28 4x0,2x0,6 13,860 11,200
3 4x%0,2x0,6 12,000 12,000
3.2 4x0,2x0,6 10,638 12,800
34 4x0,2x0,6 9,432 13,600
34 4x0,2x0,6+2x0,2x0,3 12,522 13,600
4 4x0,2x0,6+2x0,2x0,3 9,062 16,000
42 4x0,2x0,6+2x0,2x0,3 8,223 16,800
4.4 4x0,2%0,6+2x0,2x0,3 7,495 17,600
46 4x0,2x0,6+2x0,2x0,3 6,860 18,400
46 4x0,2x0,6+4x0,2x0,3 6,860 18,400
48 4x0,2x0,6+4x0,2x0,3 6,302 19,200
8 4x0,2x0,6+4x0,2x0,3 5,809 20,000

Obr. 14 CtyFndpravovi vozidla — pribéh svislého napéti a strukturni pevnosti
a - vozidlo dle CSN 73 6203, b - Tatra T815

Fig. 14 Four-axle vehicles: depth—vertical stress curve plus structural strength
a - vehicle according to CSN 73 6203, b - Tatra T815

Tab. 2 Vypocet prubéhu napéti oy a O od zatiZeni povrchu redlnym Ctyrnd-
pravovym vozidlem Tatra T815
Table 2 Calculation of the depth-stress curve for o; and os induced by a real
four-axle vehicle Tatra T815 loading the ground surface
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tak na velkoplo$nych panelech, se dé stanovit stejné jako napéti pod
zdkladem obdélnikového tvaru. Pro vypocet teoretického napéti pod
stfedem zatéZovaci obdélnikové plochy lze proto vyuZit vypoctovych
modell pro uréeni svislé slozky napéti v zeminé podle CSN 731001
Zdkladova puda pod plosnymi zaklady*. JelikoZ tato norma umoziiu-
je tesit pouze napéti pod rohem obdélnikového zdkladu, je nutno sta-
novit napéti pod rohem &tvrtinové plochy a nédsledné prepoditat na
napéti pod stredem celé zatézovaci plochy. Prubéh napjatosti od zati-
eni na kruhové kontaktni plose (dle vySe zminéné CSN 73 6114) lze
stanovit jako prabéh napéti pod stfedem zédkladu kruhového tvaru.

Zatizeni se prendsi z povrchu do hloubky zemniho masivu podle
Boussinesqovy teorie (homogenni, izotropni, linedrné pruzny materi-
al). V takovém poloprostoru zpusobi zatiZeni povrchu teoretickou
zmeénu napjatosti (a tudiZ i deformaci prostredi) do nekone¢né hloub-
ky. Skute¢nd zemina se vSak deformuje jen do hloubky, v niZ je hod-
nota svislého napéti o; rovnd strukturni pevnosti zeminy os. Hloubka,
v niZ dochédzi k vyrovndni strukturni pevnosti se svislym napétim
v zeminé od zatiZen{ povrchu, vymezuje spodni hranici tzv. deformac-
ni zOny, v niZ probihaji relevantni napéto-deformacni zmény. Protoze
se zemina pod touto zénou v okoli podzemniho dila jiz nedeformuje,
Ize z toho dovodit, Ze nahodilé zatiZzeni povrchu vyvoldvd pfitizeni na
osténi podzemni stavby pouze v rozsahu deformacni zény.

Strukturni pevnost, kterou je mozno uréit podle CSN 73 1001 pomo-
ci opravného soulinitele pritizeni m, je zédvisld na druhu zdkladové
pudy a nabyvéd hodnot 0,1 az 0,5 nédsobku tlaku vyvolaného tihou
nadloZi o, v uvazované hloubce.

Byly feSeny prubéhy svislého napéti od viech vyse uvedenych typu
nahodilého zatiZeni povrchu. Uvedeny jsou vypocty prubéhu svislého
napéti (pritizeni) pro vybrané typy nahodilého zatiZeni, z nichZ a z obr.
14 a 15 je jasné patrny vliv strukturni pevnosti na hloubku deformac-
ni z6ny. Strukturni pevnost musela byt pro vypocty stanovena kon-
krétni hodnotou; byla zvolena hodnota 0,2 0y, kterd je nejmensi hod-
notou reprezentujici zeminy bézného typu. Pro vSechny vyssi hodnoty
strukturni pevnosti by byla hloubka deformacni z6ny mensi.

4. ZAVER

Celkovy rozsah analyzy, jejiZ ¢4st je obsaZena v tomto ¢lanku, zahr-
noval vSechny pfipady zatiZeni nekolejovymi vozidly a tramvajemi,
které jsou uvedeny v kapitole 1. a 2.

Z provedenych vypo&ta vyplynulo, Ze od posuzovanych nekolejo-
vych vozidel se vliv zatiZeni povrchu efektivné uplatni do nejvetsi
hloubky u &tyfndpravového vozidla zatéZovaci tiidy A dle CSN
736203. Pri uvazované bezpecné hodnoteé opravného souinitele priti-
Zeni m (ovliviiujictho velikost strukturni pevnosti zeminy) je spodni
hranice deforma&n{ z6ny pro tento typ vozidla v hloubce cca 4,7 m; pri
vetsi vySce nadloZi je pritiZzeni na osténi podzemniho dila zanedbatel-
né velikosti.

Je v8ak zdroven patrné, Ze zatizeni od étyfnapravového vozidla zaté-
7ovaci tfidy A dle CSN 736203 nezpiisobuje obecné nejvétii napjatost
v zemin€ ve vSech hloubkéch. Vzhledem k rozdilné hloubkové kumu-
laci zatiZeni od jednotlivych kol konkrétnich zatéZovacich vozidel jsou
svisld napéti o7 v nékterych hloubkéch vetsi neZ od vozidla s nejvét-
$im hloubkovym dosahem deformacni z6ny. Pri feSeni konkrétniho
typu podzemniho dila je zndmd vySka a vlastnosti nadloZi nad pod-
zemnim dilem. Popsané feSeni umoZznuje vyhledat typ zatiZeni, ktery
dédvd v zadané hloubce nejveétsi pricinek, a umistit jej na povrchu do
nejnepiiznivéjsi polohy vuci podzemnimu dilu. Tuto skutecnost je
Zadouci pri navrhu tunelového osténi respektovat. V uvedené forme je
to mozné pouze pfi stanoveni vnitfnich sil v osténi nékterou z klasic-
kych metod, predev§im pak metodou polygondlni (zatiZeny prutovy
model osténi s uloZenim na pruznych podporach).

U tramvajovych trati se do nejvétsi hloubky v zeminé pfenese zati-
Zeni pri uloZeni na velkoplo$nych panelech rozméra 2,2 x 6,0 m. I zde
plati, Ze toto zatiZeni nezpusobuje nejvétsi napjatost v zeminé ve viech
hloubkach. .

PROF. ING. JIRI BARTAK , DrSc., bartakj@fsv.cvut.cz,
ING. PAVEL RUZICKA, ruzickapa@post.cz,
FAKULTA STAVEBNI CVUT V PRAZE

Prispévek byl zpracovdn v rdmci reSeni vyzkumného zdméru Staveb-
ni fakulty CVUT v Praze ¢.VZ 01 CEZ MSM 6840770001 “Spolehli-
vost, optimalizace a trvanlivost materidlii a stavebnich konstrukci“.

Obr. 15 Tramvajové traté — prubéh svislého napéti a strukturni pevnost
a - uloZent na praZcich, b - uloZeni na velkoploSnych panelech

Fig. 15 Streetcar tracks: depth-vertical stress curve plus structural strength
a - born by sleepers, b - born by large-size panels

is clearly visible in fig. 14 and 15. The structural strength had to be set
using a certain value (a value of 0.2 o, was chosen), which is the lowest
value representing common ground types. The depth of the deformation
zone would be shallower for all higher values of the structural strength.

4. CONCLUSION

The overall extent of the analysis, the part of which is contained in
this paper, covered all cases of loads exerted by track-less vehicles and
streetcars dealt with in chapters 1 and 2.

It followed from the completed calculations that the effect of the
surface loading by the analysed track-less vehicles reaches to the dee-
pest level in the case of the four-axle vehicle, loading class A accor-
ding to CSN 73 6203. If a safe value of the surplus load correction
index m (affecting the value of the structural strength of ground) is
assumed, the lower limit of the deformation zone for this vehicle type
is at a depth of about 4.7m; at a greater depth under the surface the
magnitude of the surplus load acting on the tunnel lining is negligible.

It is, however, obvious that the loading by the four-axle vehicle of
the loading class A according to CSN 73 6203 does not induce the hig-
hest state of stress at all depths of the ground environment. Due to the
differing depth-related accumulation of the load exerted by individual
wheels of particular loading vehicles, the vertical stresses oz are hig-
her at some depths than those exerted by vehicles featuring the deepest
extent of the deformation zone. When a specific type of an underg-
round structure is being solved, the depth and properties of the cover
of the underground structure are known. The solution described in this
paper allows us to identify the type of load having the highest influen-
ce at the depth in question, and to place this type of load on the ground
surface to the worst possible position in respect of the underground
structure. It is desirable for the tunnel lining design to pay due respect
to this fact. In the above-mentioned form it is possible only when inter-
nal forces in the liner are determined using one of traditional methods,
primarily the polygonal method (a bar-type model of the liner with
spring supports is subjected to the loading).

Regarding the streetcar tracks, the deepest level of the transfer of the
load in the ground environment is achieved in the case of the large-size
panels 2.2 x 6.0m. It also applies here that this loading does not indu-
ce the highest stress in the ground at all depths.

PROF. ING. JIRI BARTAK , DrSc., bartakj@fsv.cvut.cz,
ING. PAVEL R ﬁZIéKA, ruzickapa@post.cz,
FAKULTA STAVEBNI CVUT V PRAZE

The paper was elaborated in the framework of the work on a rese-
arch project solved by the Faculty of Civil Engineering of the Czech
Technical University of Prague No. VZ 01 CEZ MSM 6840770001
“Reliability, Optimisation and Longevity of Materials and Structures” .
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DYNAMICKE UCINKY METRA VE VARSAVE NA BUDOVY

DYNAMIC IMPACT OF THE SUBWAY
IN WARSAW ON BUILDINGS

ROMAN CIESIELSKI, KRZYSZTOF STYPULA

uvoD

V prvni poloviné osmdesdtych let 20. stoleti byla zahdjena stavba
prvni trasy podzemni dréhy ve Var§avé, kterd byla navrZena jako
mélkd podzemni drdha (hloubka temene kolejnice je od 9 do
10,5 m pod povrchem). Jelikoz ¢ast trasy prochdzi pod husté zastavé-
nou oblasti stfedu meésta, bylo nutno analyzovat mozné dynamické
uéinky podzemni drdhy na okolni budovy a na lidi Zijici v téchto
domech. Autofi prevzali tkol provadét experimentalni vyzkumy nej-
drive v Praze a potom po zahdjeni prvniho tseku podzemni drdhy ve
Varsavé [6,7, 8, 10].

Provedeni vyzkumu bylo nutné, jelikoz tudaje z literatury v této
oblasti byly omezené. Z mnozstvi praci, které se vénuji vibracim vyvo-
lanym prijezdem vlakd, se jen mdlokterd zabyva vlaky pohybujicimi
se v tunelech podzemni drahy. Zde je moZno vyzdvihnout cyklus expe-
rimentdlnich a teoretickych praci publikovanych Makovickou [18, 19,
20, 21,22, 23, 24] na zéklad€ experimentdlnich vyzkumu na prazském
metru. Kmitdnim osténi tunelt metra, vyvolanym prujezdy vlaku, se
zabyvali Czernobaj a Szatkowski [11], Estorff a Antes [12], Frolow
a kol. [30]. Vznik vibrac{ a hluku v tunelu je pojedndn i v praci Hec-
kela [16]. Vybrany jednotkovy vyzkum §ifen{ vibraci a hluku z tunelu
metra do budov je obsaZen v praci Ungara a kol. [30] a ndvrhy na pred-
povidéni v této oblasti v praci Melka [25]. Priklady stavebnich kon-
strukei vystavenych dynamickym d¢inkam z provozu podzemni drahy
se nachdzeji v ¢lanku Grundmanna a kol. [14] a [15].

Problémy ochrany budov proti vibracim pochdzejicim z tunelu
metra se zabyvali Valenta [31], Weber [32] a Wietlake [33]. V praci
Balendry a kol. [1] bylo spoluptsobeni systému tunel-hornina—budo-
va analyzovano metodou dalSiho déleni na mensi ¢asti konstrukce. Na
zékladé vétSinou teoretické analyzy a omezeného poctu vysledku
experimentélnich praci prednesli Riicker a Said préici na téma Sifen{
otfesi mezi tunelem a okolnimi budovami i pfendSeni otfesu na
budovy.

FAKTORY OVLIVNUJICi UROVEN VIBRACI VYVOLANYCH
JIZDAMI VLAKU V TUNELECH PODZEMNI DRAHY

Vibrace, vyvolané dopravou, jsou oznacovany jako paraseismické
aktivity. Jsou to mechanické vibrace, prendsené horninou do konstruk-
ce budovy (obr. 1). Analyza a modelovani tohoto slozitého jevu by
meély zahrnovat jeho tfi hlavni aspekty:

@ fyzikdlni mechanismy, odpovédné za vznik vibraci (problém

zdroje vibraci),

@® prubéh Sifeni vibraci horninou (podlozim i na povrchu) mezi

jejich zdrojem a prijimacem (problém S§iteni),

@® budova jako prijimac, prijimajici kmitani (problém prijimani vib-

raci a reakce konstrukce budovy).

e

i

A

Obr. 1 Zndzornéni §ireni

vibraci vyvolanych "
dopravou Q Q

Fig. 1 Diagram of

transportation

vibrations propagation

INTRODUCTION

In the first half of the eighties of the XX century construction of the first
subway line in Warsaw was commenced which was designed as a shallow
subway (caving of the rail-head is from 9 to 10,5 m under the terrain sur-
face). Since part of the line runs under densely built-up area of the city
centre a necessity occurred to analyse possible dynamic impacts of the
subway on building in the surrounding and people living in those buil-
dings. The authors undertook the task to carry out the experimental inves-
tigations firstly in Prague and after commencing of the subway’s first sec-
tion — in Warsaw [6,7,8,10].

Performance of the investigations was necessary because of a limited
number of data in the literature on the subject. From among numerous
works devoted to vibrations induced by runs of the trains only few of them
regard subway trains mowing in tunnels. One should distinguish here
a cycle of experimental and theoretical works published by Makovicka
[18,19,20,21,22,23,24] on the basis of experimental investigations in sub-
way of Prague. Vibration of the lining of subway tunnels induced by runs
of trains were dealt with by Czernobaj and Szatkowski [11], Estorff and
Antes [12], Frotow et all [30]. Generation of vibration and noise in a tun-
nel is also discussed in the work by Heckel [16]. A selected, unit investi-
gation of vibrations and noise propagation from the subway’s tunnel to
buildings is comprised in the work by Ungar et all [30]. And the suggesti-
ons of forecasting in this respect in the work by Melke [25]. Examples of
buildings construction exposed to dynamic impact from the subway can be
found in the article by Grundmann et all [14] and [15].

Problems of buildings protection against vibrations coming from sub-
way’s tunnels were dealt with by Valenta [31], Weber [32] and Wietlake
[33]. In the work by Balendra et all [1] the interaction of the tunnel-
ground- building system was analysed using the method of subdivision
into sub-structures. On the basis of mostly theoretical analysis and a limi-
ted number of results from experimental works Riicker and Said [29] pre-
sented subject matter of propagation of quakes between a tunnel and sur-
rounding buildings as well as propagation of quakes onto the buildings.

FACTORS INFLUENCING THE LEVEL OF VIBRATIONS
GENERATED BY RUNS OF TRAINS IN SUBWAY'S TUNNELS

Transportation induced vibrations are classified into para-seismic acti-
vity. Those are mechanical vibrations being transferred via a ground onto
building structures (fig.1) Analysing and modelling of this complex phe-
nomenon should include its three main aspects. i.e.:

@ physical mechanisms responsible for vibrations generation (problem
of vibrations source),

@ the course of vibrations propagation in the ground (both in subsoil
and on surface) between their source and a receiver (problem of pro-
pagation),

@ a building as the receiver accepting vibrations (problem of vibrations
acceptance and reaction of the building’s structure).

A model depiction of the course of those phenomena with utilisation of
a function of transfer via a ground is diagrammatically presented in fig. 2.

The level of transportation vibrations is thus dependent on those factors,
which can exert an impact on induction of vibrations at a source, their pro-
pagation in the ground and receipt by buildings [2,3.4,5.9,17,26,27,29].

One should mention here the follwoing factors [9]:

A - mechanical kind and type and condition of a vehicle generating
vibrations. In particular the following elements can play their role:

@ shape of a vehicle (at high speeds) and its dead-weight,

@ balancing of the vehicle’s components,
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Modelové zobrazeni prubéhu tohoto jevu s pouZitim funkce preno-
su horninou je zobrazeno na obr. 2.

Uroveii vibraci zpiisobenych dopravou je tedy zdvisld na téch fakto-
rech, které mohou mit dopad na vyvoléni vibraci v misté zdroje, jejich
Sifeni v horniné a prijeti budovami [2, 3,4, 5,9, 17, 26, 27, 29].

Zde by bylo mozné uvést ndsledujici faktory [9]:
A — mechanicky druh, typ a stav vozidla zpusobujictho kmiténi.
Roli hraji hlavné nésledujici prvky:

@ tvar vozidla (za vysokych rychlosti) a jeho vlastni tiha,

@ vyvdzenost soucdsti vozidla,

@ stupen zatiZen{ vozidla,

@ druh systému zdvesu pruZnice,

@ stav vozidla, hlavné jeho systém zavésu pruznic a kol (nevyvaze-
nost kol, ovélnost, mistni zplo§téni po obvodu kola),

@ zpusob prenosu vibraci na kolejnici,

@ rozvor napravy dvojkoli (pohybujiciho se po kontaktnf trati).

B — druh a stav konstrukce trati (napf. spodni stavba trati), po které
se vozidla pohybuji, zv1aste:

@ druh kolejnice (kolejové styky, styk s kolem, prendSeni zatiZeni),

@ zpusob podepieni kolejnice, druh a pocet podpor (dfevéné praZee,
betonové, priné, podélné, desky, atd.),

@ prvky prendsejici kmitdni{ z kolejnic do okoli (tratové loZe, izola-
ce proti vibracim, atd.),

@ vertikdIn{ a horizontalni tuhost celého povrchu,

@ feSeni mist zvlastniho Glelu (kifZeni, vyhybky, hrotnice, oblouky,
atd.),

@ stavebni stav trati (nerovnost konstrukce trati, zvinéni kolejnic,
atd.).

C — zpusob jizdy vozidla (tzv. jizdni poméry):

@ jizdni rychlost,

@ trasa jizdy (primad trat, oblouk),

@ zastavovani a rozjizdéni vozidla,

@ piekryvani vibraci vzniklych pohybem véts$iho poctu vozidel
(napf. soubeznd jizda vozidel).

D — druh a stav podloZi jimZ se kmitédn{ $ifi:

@ geotechnickd stavba podloZzi,

® vodni pomeéry v podloZi,

@ vyskyt predéli v horning, trhlin, podzemni infrastruktury, atd.

E — vzddlenost a situace objektu prijimajiciho kmitdni od zdroje
vibraci

F — druh a stav objektu, prijimajiciho kmitani:

@® druh budovy, jeji konstrukce a tvar,

@ zpusob zaloZeni,

@ stav zachovalosti budovy,

@ zatiZen{ a jiné dals{ vlivy,

® dynamické charakteristiky konstrukce (frekvence vlastniho kmi-
tani, dtlum).

G — s ohledem na podzemni drahu by se méla pridat dals{ fakta:
@ vyrub tunelu podzemni drdhy,
@ druh osténi tunelu, jimZ se bude kmitédn{ §ifit ven.

ZDROJE VIBRACI

V pifpadé ddle uvddénych vyzkumu byly zdrojem vibraci jizdy
vlaku v tunelech podzemni drahy pfi béZném provozu. Maximalni pro-
vozni rychlost vlaki v podzemni drdze tam, kde neni Z4dné zv14stn{
omezeni rychlosti, je 80 km/h.

Kazda ze souprav metra se sklddala ze tif vozu ruské vyroby, to zna-
mend dvou hlavnich (motorovych) vozi model 8 1-572 na kazdém
konci soupravy a mezilehlého vozu model 8 1-573 uprostied. Vlastni
ttha téchto dvou typu vozidel byla 34 t u motorového vozu a 33 t u mezi-
lehlého vozu. Tratové tunely v dseku, kde byl vyzkum provddén, byly
razeny prstencovou metodou. Tento tratovy dsek se sklddd ze dvou
soub&Znych tunelt (osovd vzdalenost v horizontdlnim promitdni od 11
do 15 metrt), vedoucich navzdjem nezdvisle, kazdy s vné&j$im prumé-
rem 5,50 m. Podobné jako v Praze byl i u varSavské podzemni drahy
pouzit bezprazcovy zpusob uloZeni (obr. 3), s vibrainé izolaénimi pod-
kladnicemi v mistech upevnéni kolejnic.

Zdroj / Source
Pt (, )

Prijemce / Receiver
ab (o, %)

ab (o, x) = Ht (0, 7) . Hg (0, %) . Hb (@, %) . Pt (o, x)

vlak - kolejovy svrsek Geologicky profil Konstrukce budovy
- kolejovy spodek Ground profile Building’s structure
- konstrukce tunelu
train - track Hg (o0, %) Hpb (o, X)

- substructure of track
- tunnel system

Ht (o, 7)

Dynamické spolupUsobeni:
horninové prostfedi - budova
Dynamic interaction:
ground - building

Dynamické spolupUsobeni:
Tunel — horninové prostiedi
Dynamic interaction:
tunnel - ground

Obr. 2 Schematické zndzornéni procesu §ireni vibraci od zdroje k prijimaci
Fig. 2 Diagrammatical model of the process of vibrations propagation from
the source to the receiver

@ degree of loading of the vehicle,

@ kind of spring rigging system,

@ condition of the vehicle, especially its spring rigging system and
wheels (non-balancing of wheels, ovalization, local oblateness along
the circumference of the wheel),

® manner of vibration transmission onto the rail,

@ axle base of wheel sets (moving along a contact rail-track).

B - kind and condition of the track structure (for instance, substructure
of the track) along which the vehicle runs, Especially:

@ kind of rail (contacts of rail, contact with a wheel, transfer of loads),

@ the manner of rail support, kind and number of supports (timber sle-
epers, concrete ones, crosswise, longitudinal, plates, etc),

@ clements transmitting vibrations from rails onto surroundings (sub-
structure of the track, vibro-insulation, etc),

@ vertical and horizontal rigidity of the whole surface,

@ solution on special purpose sites (crossings, turnouts, switch points,
bendings, etc),

@ condition of the track structure, (unevenness of the track structure
corrugation of rails, etc).

C — manner of the vehicle’s running (the so called running conditions)
in which:
@ speed of running,
@ track of running (straight line, bending),
@ stopping and starting of the vehicle,
@® overlapping of vibrations induced by movement of a greater number
of vehicles (for instance, simultaneous passing by of the vehicles).

D — kind and conditions of substrate via which vibrations propagation:

@ geotechnical structure of the substrate,

@ water conditions in the base,

@ occurrence of partitions in the ground, fissures, underground infrast-
ructure, etc.

|
630 (max. 800)_ |

| 1100 (min. 980) 1100 (min. 980) |

Obr. 3 Bezprazcovd konstrukce trati v tunelu metra: 1 — podklad z betonu
B25, 2 — upevnéni koleje, 3 — odvodniovaci Zlab, 4 — odvodriovaci Zlib-
ky (pri¢né a podélné), pgs — vyska hlavy kolejnice na trati bez prevy-
Seni

Fig. 3 Non-sleeper track structure in subway’s tunnel: 1 — Substructure of
concrete B25, 2 — joint site fastening the rail, 3 — dewatering drain,
4 — dewatering grooves (crosswise and longitudinal), pgs — level of rail
head in the track without superelevation
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SIRENI VIBRACI V HORNINE

Jev Sifeni vibraci v horniné v dusledku jizd vlaku v tunelech metra
mad jiny charakter neZ $ifeni od povrchovych zdroju. Otfesové viny
prochdzeji od tunelu razeného v hornin€ na povrch terénu pod ruzny-
mi thly (obr. 4). Podle tGhlu dopadu jsou zcela nebo ¢aste¢né odraze-
ny od povrchu zemé nebo se na povrchu zalomi. Zalomend vlna se $if{
po povrchu zemé jako povrchové vina a prochdzi interferenci se sloz-
kami prostorovych vin, pfimo zasahujicimi tento povrch, jak je znd-
zornéno na obr. 4. Ve skuteCnosti se tato interference tykd vétsiho
poctu vin, jelikoz jak pri¢né, tak i podélné viny jsou pfedmétem odra-
z0 a lomu. V dusledku uvedené interference vin v razné vzdalenosti od
tunelu vznikaji mistn{ maxima a minima hodnot amplitud vibraci.

Takovy prubéh tohoto jevu je potvrzovan vysledky experimental-
nich vyzkumu. Vysledky vyzkumu provadénych v Praze jsou uvedeny
ddle (obr. 5). Ve ¢tyfech bodech povrchu zemé se meéfila horizontaln{
radidlni slozka (slozka X) a vertikdlni sloZka (sloZka Z) zrychleni vib-
raci povrchu zemé pfi zaznamendvani nékolika jizd vlakd metra ve
dvou tunelech. Na obr. 6 jsou vysledky méfeni ve formé poméru maxi-
malnich amplitud zrychleni ve vzdalenosti » (amplituda Ar) k amplitu-
dé A0 nad osou tunelu B (r = 0). Vysledky plati pro vertikdlni a hori-
zontdlni kmitdni zaznamenané pri jizddch vlakd metra v kazdém
z tuneli A a B.

VYSLEDKY MERENI VIBRACIi BUDOV

V tab. 1 je uveden soubor vzorovych méreni ve formé maximdlnich
hodnot amplitud zrychleni vibraci v drovni zédkladu pfizemi dvou
budov, oznacenych jako N 186 a N 52. Prvni z nich je administrativn{
budova se suterénem a 4 nadzemnimi podlazimi. Jedna se o Zelezobe-
tonovou rdmovou konstrukci s Zelezobetonovymi stfeSnimi deskami.
Druhy objekt je $kolni budova se suterénem a dvéma nadzemnimi
podlazimi. Ma ocelovou konstrukci kombinovanou s Zelezobetonem,
stfecha je z Zelezobetonovych prefabrikovanych desek. Minimdln{
vzdalenost administrativni budovy od osy nejbliz§i tunelové trouby
metra je 6 m, vzdalenost Skoly je 18,5 m.

V kazdém priipadé byly zdrojem vibraci jizdy dvou vlaka metra,
z nichZ jeden nebyl naloZeny (tfi prdzdné vozy) a druhy byl naloZen asi
36 tunami olova (12 tun v kazdém voze), coZ odpovida asi 60 % maxi-
madlniho zatiZen{ cestujicimi (viz je navrzen priblizné na 250 osob).
Experimentalnf jizdy se provadély pfi ruznych rychlostech, jmenovité
pri méfenich na budové N 52 pfi rychlostech 40, 60 a 80 km/h, a rych-
lostech 20, 40 a 60 km/h pri méfenich na budové N 186. Vlaky jezdi-
ly tunelovymi troubami bliz§imi k budovdm. Jizdy se konaly na nové
vybudovaném udseku metra pred jeho uvedenim do bézného provozu,
coz umoznilo vyloucen{ vlivu stavu trati (deformaci koleji) na droven
kmitdn{ provéfovanych budov.

V trovni zdkladi pfizemi se méfily tfi slozky zrychleni kmiténi.
Byly to horizontdln{ slozky X a Y a vertikélni slozka Z. Sméry hori-
zontdlnich slozek X a Y odpovidaly osdm budov s tim, Ze horizontél-
ni radidln{ slozka X méla smér kolmy k ose tunelu a pfi¢nd slozka
Y byla s touto osou rovnobéznd. Vertikdlni slozka, oznacend jako Zs,
se méfila uprostied zakladd prizemi.
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Obr. 4 Schéma S§ireni vin pochdzejicich z mélkého podzemniho zdroje
Fig. 4 Diagram of waves propagation coming from a shallow underground
source

E — distance and situation of the object receiving vibrations as against
the vibrations source

F — kind and condition of the object receiving vibrations:

@ kind of a building, its structure ad geometry,

® way of foundation,

@ condition of the building’s preservation,

@® loading and other additional impacts,

@ dynamic traits of the structure (frequency of own vibrations, attenuation).

G- with regard to subway, additional facts should be added:
@ caving of the subway’s tunnel,
@ kind of the tunnel’s lining via which vibrations will propagate outside.

VIBRATION SOURCES

In case of investigations presented below runs of trains in subway’s tun-
nels were the source of vibrations during routine exploitation of the sub-
way. Maximum exploitation speed of trains in subway, where there are no
special speed limits, is 80km/h.

Each of the subway’s trains consisted of three cars of Russian make, i.e.
two main (power) cars) model 8 I-572 at each end of the train and inter-
mediate car model 8 I-573 in the middle. Dead-weight of the two types of
cars was respectively about 34 t (power car) and 33 t (intermediate car).
The route tunnels along the sections under investigation were driven by
ring method tunnel drivage. The route section consist of two parallel run-
ning (distance between axis in horizontal projection running between 11 to
15 meters) independently from one another with the external diameter of
5,50 m each. Similarly like in Prague also in Warsaw subway the non -sle-
eper method was used on track (fig. 3) with the usage of vibro-insulation
sole-plate at joint sites fastening the rail.

Budova Stav zatiZzeni Rychlost Maximalni hodnoty slozek kmitani a. [cms?] PROPAGATION OF VIBRATIONS IN THE
Building vlaku / Train Speed Maximum values a,,,s — vibrations component GROUND
Lzl (Gt Loy Ay [em.57] The phenomenon of propagation of vibrations in
. the ground induced by runs of trains in subway’s tun-
INEleEmy z) 016 e, 2 220 1els is of a different character that in case of surface
ST a0 U2 Uigxs et 250 vibration sources. Quake waves are reaching from the
c, 8 230 L Lol tunnel driven in the ground onto the surface of the
e y A0 U e L3 Lor/2 ground at various angels (fig. 4). Depending on the
WETelgEn; § a0 Ui Ui b 200 glancing angle they are completely or partially reflec-
Mot . L3 o L0 237 ted from the ground’s surface or refracted at that sur-
. a0 Ui L 112 4 face. The refracted wave propagates along the groun-
INElwz7 ey Ui Uil Ao e d’s surface as a surface wave and undergoes an inter-
Loaiad ol 50 %, L2 2asl ference with components of spatial waves reaching
A2 .y . 07 L L S0 directly to that surface, as it is presented in fig. 4. In
WETelgEn; § ey LD Uit 2 Bl reality the interference regards a greater number of
Mot U B2 0o = 360 waves since both crosswise and longitudinal waves

undergo reflection and refraction. In the result of the
mentioned interference of waves at different distance
from the tunnel local maximum and minimum values
in vibration amplitudes occur.

Tab. 1 Soubor maximdlnich amplitud nejvyssich hodnot zrychleni kmitani a,,.. [cm.s”], zaznamena-
nych v metru pri jizddch dvou vlaki — naloZeného a nenaloZeného

Table 1 Set of maximum amplitudes of peak values of vibrations acceleration a,., [cm.s?] registered
in subway during runs of two trains: loaded and non — loaded onesa
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Obr. 5 Misto méFicich bodui ve vztahu k tunelum
Fig. 5 Location of measuring points as against tunnels

8

TR
N =

05 \24

0

Pomér hodnot amplitud A,/A,
Ration of A/A, amplitude values

0 S 10 15

Vzdalenost r od osy tunelu A v [m]
Distance of r from the A tunnel’s axis in [m]
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Run in tunnel A, vertical vibration Run in tunnel A, horizontal vibrations

e Jizda v tunelu B, vertikalni Kmitini/ e Jizda v tunelu B, horizontalni kmitani /
Run in tunnel B, vertical vibrations Run in tunnel B, horizontal vibrations

Obr. 6 Pomér hodnot amplitud zrychleni kmitdni povrchu zemé A,/A,
Fig. 6 Ratio of amplitude values of the ground’s surface vibrations
acceleration A,/A,

Stoji za povsimnuti, Ze prazdny vlak (nenaloZeny) muZe vyvolat
srovnatelnou nebo i vyS§i droven kmitdni nez vlak naloZeny. Toto zji§-
teni je doloZeno i spektrem vyvolanych kmitdni, zobrazenym na obr. 7.

Zajimavé je i to, Ze maximdlni amplitudy kmiténi byly pravidelné
mensi ve vysSich podlazich nez kmitdni v niz§ich ¢astech budovy.
Naptiklad u budovy N 186 vyvolaly jizdy naloZeného vlaku rychlosti
60 km/h maximdlni amplitudy horizontdlniho kmitdni v hodnoteé

0,56 cm.s? u slozky X a 0,36 cm.s2 u slozky Y.
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Obr. 7 Zrychleni spektra reakce na kmitdni mérené na budové N 52 vyvolané
Jizdami vlaku metra rychlosti 60 km/h (dtlum D = 2 %): 1 — zatiZené
viaky, 2 — nezatiZeny vlak

Fig. 7 Acceleration spectra of response to vibrations measured in building
N52 and induced by runs of the subway’s train with the speed of
60 km/h (attenuation D =2 %): 1 — loaded trains, 2 — non-loaded train

Such course of the phenomenon is confirmed by the results of experi-
mental investigations. Below the results are presented of such investigations
carried out in Prague (fig. 5). At four points on the ground’s surface hori-
zontal, radial component (component X) was measured and vertical compo-
nent (component Z) of acceleration of the ground’s surface vibrations, regis-
tering several runs of subway’s vehicles in each of the two tunnels. Fig. 6
comprises the results of measurements in the form the ratio of maximum
amplitudes of acceleration at r distance (amplitude A,) as against amplitude
Ay above the axis of tunnel B (r = 0). The results regard vertical and hori-
zontal vibrations registered during runs of the subway’s trains in each of the
tunnels A and B.

RESULTS OF MEASUREMENT OF BUILDINGS VIBRATIONS

Below in table 1 a set of exemplary results of measurements is presented
in the form of maximum values of amplitudes of vibrations acceleration at
the foundation level of the ground floor of two buildings denoted as: N 186
and N52. The first of them is an office building with a basement and 4 flo-
ors. It is a frame, reinforced concrete construction with reinforced concrete
roof plates. The second object is a school building without a basement and
with two floors. It possesses a mixed steel reinforced concrete construction
with reinforced concrete roof of pre-fabricated plates. Minimum distance of
the two buildings from the axis of the nearest tunnel of the subway is res-
pectively 6,0 and 18,5 m.

In each case runs of two subway’s trains were the source of vibrations out
of which one was not loaded (three empty cars) and the second was loaded
with about 36 tons of lead (12 tons in each car) what responds to about 60 %
of maximum load with passengers (a car is calculated for about 250 persona).
The experimental runs were conducted at various speeds, i.e. 40, 60 and 80
km/h during measurements done at N52 building and 20, 40 and 60
km/h during measurements at N186 building; the trains were running along
the tunnels closer to the buildings. The runs were along a newly constructed
section of the subway, prior its routine exploitation commencing, what allo-
wed to exclude the influence of the track’s condition (deformation of rail
tracks) upon the level of vibration of the buildings under consideration.

Three components of vibration acceleration of each of the buildings were
measured at the level of foundation of the ground floor. Those were hori-
zontal components: X and Y and a vertical component Z. Horizontal com-
ponents X and Y had directions conformant to the axis of the buildings, whe-
reas the horizontal, radial component X had a direction perpendicular to the
axis and transverse component Y was parallel to that axis, besides vertical
vibrations were measured in the middle of the ground floor’s foundation and
denoted as Zs (Table 1)

It is worth noticing that an empty train (non-loaded) can induce compa-
rable or even higher level of vibrations than a loaded train. This fact is also
illustrated by acceleration spectra of responses presented in fig. 7.

It is also interesting that at higher floors maximum amplitudes of vibrati-
ons were as a rule smaller than in lower part of the building. For instance for
the N186 building the runs of the loaded train at the speed of 60 km/h

a)

02468101214 Cas / Time [sec.]

b)

Zrychleni / Accelerations [cm/sec?]

02468101214 . .
Cas / Time [sec.]

Obr. 8 Casovy pribéh zrychleni ve sméru X: a) pro viaky A; b) pro viak B
Fig. 8 Time traces of the accelerations in direction X: a) for trains A; b) for
train B
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Obr. 9 Rozdéleni smérodatnych hodnot (RMS) zrychleni X pro vlak A
(Cervend ¢dra) a vliak B (modrd édra)

Fig. 9 Distribution of values RMS of acceleration in direction X for train
A (red line) and train B (blue line)

Jednalo se o reakci budovy méfenou v drovni stiechy nad nejvys-
§im podlazim. Tam budova reaguje jinak neZ v pripadé povrchové-
ho zdroje vibraci vyvolanych dopravou.

Meélo by se zduraznit, Ze v praxi maji hlavni vliv na droven vyvo-
laného kmitdni deformace kol vozidel soupravy (vyskytuji se
obzvlasté po dlouhé dobé uzivani jizdniho systému vozl) a defor-
mace povrchu [10]. V budové N 186 se provddélo méreni kmitdn{
vyvolaného jizdami dvou vlaki stejného typu, které se prakticky
ligily pouze stavem (tvarem) kol. U obou vlaku se méfil rozdil mezi
nejmensim a nejvétsim polomérem kazdého z kol. Maximalni hod-
noty byly nasledujici:

® U vlaku A (po odsunuti kol) — 0,09 mm

® U vlaku B — 1,2 mm

Obr. 8 ukazuje Casovy prubéh zrychleni horizontélniho radidlniho
kmitan{ (smér X) u budovy N 186 méfeného v trovni terénu pfi jiz-
ddch dvou vlaka.

Obr. 9 ukazuje spektrum téchto kmitdni ve formé RMS (sméro-
datnych hodnot).

Spektrum odpovidajici jizdé vlaku A je zndzornéno tlustou Carou,
ten¢{ ¢dra odpovidd jizdé vlaku B.

Diagnostika vlivu kmitdni na konstrukce budov se v Polsku pro-
vadi podle normy PN-85/B-02170 [34]. Norma obsahuje mimo jiné
i stupnici dynamickych vlivi (SWD-1 a SWD-2), umoZiiujici pro-
védén{ priblizného hodnocenf téchto vlivu.

VYSLEDKY ANALYZY VLIVU VIBRACI NA CLOVEKA

Vétsina stiznosti obyvatel budov nachdzejicich se v blizkosti
tunell metra se netykd vlivu vibraci na konstrukce budov, ale ruse-
ni pohody udcinky vibraci na lidi. Je to proto, Ze préh citlivosti
lidi na vibrace je mnohem nizsi nez prah Skodlivosti vibraci pro
budovu.

Diagnostika vlivu vibraci na ¢loveka se v Polsku provadi podle
normy PN-88/B-02171 [35], kterd je kompatibilni s normami ISO.
Norma predpoklddd moznost provddét analyzu formou vypoctu
smérodatnych hodnot (RMS) zrychleni v tercidrnich spektrech
a porovndvdni vysledkd s normovymi hodnotami pfipustnymi pro
dané stredni frekvence u téchto spekter. Obr. 10 obsahuje srovndn{
vysledku analyzy vertikdlniho kmitdni stfechy na lidi v budové
N 186 pri jizddch vyse uvedenych vlaku, tj. vlaku A (Eerny sloupec)
a vlaku B (bily sloupec). Krivky vlivu vertikdlniho kmitdni na ¢lo-
véka jsou vyznaCeny preruSovanou ¢arou a horizontdlni kmitdn{
plnou &érou. Kfivky v poradi od nejnizsi do nejvyssi znamenaji:
srov. [35]:

@ prih citlivosti ¢lovéka na vibrace
® prih pohody v no¢ni dobé (od 22.00 do 6.00 hod.)
® prih pohody v denni dobé (od 6.00 do 22.00 hod.)
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Obr. 10 Srovndni vlivu na lidi v pripadé vertikdlniho kmitdni stropu budovy
N 186, vyvolaného jizdou viaku A (Cerny sloupec) a vlaku B (bily
sloupec)

Fig. 10 Comparison of the influence on people of vertical vibrations of the
ceiling in building N186 induced by runs of train A (black column)
and train B (white column)

induced maximum horizontal vibrations amplitudes of the value of
0,56 cm/s? for the component X and 0, 36 cm/s? in case of component Y.

It was the reaction of the building measured at the level of the roof over
the highest floor. The building reacts then differently than it is in the case of
surface source of transportation vibrations.

One should stress than in practice deformation of wheel of the train’s cars
have essential influence on the level of induced vibrations (they occur espe-
cially after longer exploitation of the running system of cars) and deforma-
tions of the surface [10]. In building N 186 a measurement of vibrations was
done induced by runs of two trains of the same type, practically being diffe-
rent only with regard to their condition (shape) of wheels. In both cars the
difference was measured between the smallest and largest radius of each of
the wheel. Maximum values were as follows:

@ In train A (after shunting of wheels) — 0,09 mm

@ In train B — 1,2 mm.

Fig. 8. presents the time course of horizontal, radial vibrations accelerati-
on (direction X) of the building N186 measured at the level the terrain
during runs of the two trains.

Fig. 9 presents the spectrum of those vibrations in the form of RMS (root
mean square).

The spectrum corresponding to run of the train A is drawn with a thick
line and a thinner line corresponds to run of the train B.

The diagnostics of the vibrations influence upon the construction of buil-
dings is carried out in Poland on the basis of standard PN-85/B-02170 [34].
It comprises, among others, the scale of dynamic impacts (SWD-I and SWD-
II) allowing execution of an approximate assessment of those impacts.

THE RESULTS OF ANALYSIS OF VIBRATIONS IMPACT ON PEOPLE

Most of the complaints of the inhabitants of buildings being in the neigh-
bourhood of the subway’s tunnels are not related with influence of vibrati-
ons on the structure of the building but disturbances in comfort with regard
to impact of vibrations upon people. It results from the fact that the thres-
hold of vibration sensitivity by people is much lower than the harmfulness
threshold of vibrations for the building.

The diagnostics of vibration impact on people is performed in Poland in con-
formity with the standard PN-88/B-02171 [35] compatible with ISO standards. It
envisages a possibility to perform an analysis in the form of calculation of RMS
of acceleration in tertiary spectra and comparing the results with standard values
allowable for particular mean frequencies in those spectra. Fig. 10 presents com-
parison of the analysis result of vertical vibrations of the roofs upon people in buil-
ding N186 during runs of above mentioned trains: train A (black column) and train
B (white column). The curves of vertical vibration impact upon people are deno-
ted with broken line and horizontal vibrations with continuous line. The curves in
the sequence from the lowest to the highest denote: comp. [35]:

@ threshold of sensation of vibrations by people,

@ comfort threshold at night hours (from 22 hrs till 6 a.m.),

@ comfort threshold during the daytime (from 6 a.m. till 10 p.m.).
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Ve stfednim rozsahu frekvence 50 Hz vyvoldval vlak B kmitani In the medium frequency band of 50 Hz train B induced vibrations close
blizké prahu pohody v denni dobe¢. to comfort threshold during the daytime.
ZAVERY CONCLUSIONS

The results of experimental investigations (measurements in situ) indica-
te to a quality different course of propagation phenomenon in the ground
and the reception by buildings of vibrations induced by runs of subway’s tra-
ins in tunnels being different as against vibrations induced by the means of

Vysledky experimentdlnich vyzkumu (méfeni v terénu) ukazuji
na kvalitativné odli§ny pribéh jevu $ifeni kmitdni v horniné vyvo-
laného jizdami vlaka metra v tunelech a jeho pfijimani budovami od

kmitdni vyvolaného povrchovymi dopravnimi prostredky. surface transportation.

ZkU§eP05ti z varéa\v/sk?' podzemrfi d,réhy dokazujf, i’e kn}itépi The experience from Warsaw subway proves that vibrations induced by
vyV(?lane provozem melké podzemni drahy.mohou mit zasadm. vliv exploitation of a shallow subway may have an essential impact upon the
na Zivotni pohodu obyvatel budov nachdzejicich se v blizkosti tras comfort of life of inhabitants of buildings located in the vicinity of the sub-
podzemni drahy. way’s lines.

PROF. ZW. DR. HAB. ING. ROMAN CIESIELSKI, PROF.ZW. DR. HAB. ING. ROMAN CIESIELSKI,
DR. HAB. ING. KRZYSZTOF STYPULA, DR. HAB. ING. KRZYSZTOF STYPUZLA,
POLITECHNIKA KRAKOWSKA, KRAKOW POLITECHNIKA KRAKOWSKA, KRAKOW
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VYSTAVBA VODNEJ ELEKTRARNE KARAHNJUKAR NA ISLANDE
THE KARANHJUKAR HYDROPOWER PLANT PROJECT IN ISLAND

JOZEF HRIC

uvob

Vyvolanou investiciou vystavby hlinikdrne americkou nadndrodnou spoloc-
nostou ALCOA INC je aj stavba podzemnej vodne;j elektrarne Karahnjukar na
vychodnej strane ostrova v povodi riek Jokulsd 4 Dal a Jokulsd 1 Fljétsdal,
dvoch riek vytekajicich z najvicSieho eurépskeho Tadovca Vatnajokull. Pro-
jekt samotnej elektrarne ziskalo vitazstvom v medzindrodnej sttazZi zdruZenie
Fosskraft, ktorého lidrom bola nemeckd firma HOCHTIEF, dal§i ¢lenovia
zdruZenia boli Islandské firmy ISTAK a IPC — Islandic Prime Conctractor
a danska spolocnost E. PIHL & Son. Pre toto zdruZenie nasa spolo¢nost’Vaho-
stav — Tunely a $pecidlne zakladania, a. s., zabezpeCovala razenie podzemnych
objektov elektrdrne.

CHARAKTERISTIKA A ZAKLADNE UDAJE STAVBY

Stavba elektrairne je len éast’ou hydroenergetického projektu na zabezpeée—
dvoch rezeryodrov asi 45 km od samotnej elektrérne a Vyrazeme privadzacich
tunelov v dizke 53 km, je sicastou dodavky talianskej firmy IMPREGILIO.
Voda z privodného tunela bude dalej odvédzand dvoma 420 metrovymi
Sachtami priemeru 3.5 m k 6 francisovym turbinam s menovitym vykonom
690 MW (obr. 1).

Projekt samotnej elektrdrne pozostdva zo:

— vstupného tunela do elektrarne

— kdblovej chodby - profilu 14,8 m* a dlzky 960 m

— podzemne;j strojovne 119 m x 14 m x 34 m

— podzemne;j transformatorovne 103 m x 13,5m x 16 m

— dvoch zvislych Sachiet prierezu 12,5 m?, dlzky 2 x 413 m

— privadzacich chodieb k turbinam

— odvédzacich chodieb a odtokového tunela — profilu 68,8 m? a dlzky 1400 m

— tunela na odvédzanie splodin z elektrdrne — profilu 5,5 m? a dlzky 92m

GEOLOGICKE POMERY

Elektrdren Kdrahnjikar je situovand vo vulkanicky pokojnejSej vychodnej
Casti ostrova. Geologické prostredie je, ako na celom ostrove aj v tejto oblasti,
tvorené horninami sopecného pdvodu, ktoré sa pravidelne striedajd s usadeni-
nami typu pleskovcov a ldvovymi sedimentmi (sope¢ny prach). Uklon tychto
vrstiev 10 az 12 % s klesanim v smere od vychodu na zdpad a ich silné poru-
Senie sposobovalo urcité problémy pri razeni, a to hlavne velkopriestorovych
objektov elektrarne.

TECHNOLOGIA, TECHNICKE PROSTRIEDKY, VYKONY

KABLOVA CHODBA (obr. 2)

Razenie kdblovej chodby na odvod elektrickej energie z podzemne;j trans-
formétorovne bolo zacaté dna 28. 11. 2003 a ukon&ené 15. 4. 2004, priemerny
postup bol 8,8 m/den.

|:|nr Hydropower Project
Fbmrlwun Ama

Obr. 1 Pohlad do iidolia hydroelektrdrne so schemanckym rozmiestnenim objektov
Fig. 1 View of the hydropower plant valley with schematic positions of structures

INTRODUCTION

Among investment projects induced by the project of aluminium works
financed by ALCOA INC, an American multinational company, belongs
also the project of a hydropower plant on the eastern side of the island, in
catchment areas of the Jokulsa 4 Dal and Jokulsd { Fljotsdal rivers. The two
rivers spring from the largest European glacier Vatnajokull. The contract
for the power plant was awarded in an international tender to a joint ventu-
re Fosskraft consisting of the lead partner, German HOCHTIEF, and Island
companies ISTAK and IPC - Islandic Prime Contractor and a Danish
company E. PIHL & Son as members. Our company Vdhostav — Tunely
a Specidlne zakladanie, a. s. was a subcontractor for the excavation of
underground structures of the power plant, hired by the joint venture.

CHARACTERISTICS AND BASIC DATA ON THE PROJECT

The construction of the power plant was part of a hydropower scheme
designed to supply power for production of aluminium. Major part of the
scheme, i.e. the construction of two reservoirs at a distance of about 45km
from the power plant, and the construction of a 53km long water supply
tunnel, is part of a contract with an Italian company IMPREGILIO. Water
from the supply tunnel will be further directed through two 420m deep,
3.5m in diameter shafts to 6 Francis turbines with specific output of
690 MW (see Fig. 1).

The power plant project consists of:

—access tunnel to the power plant

— cable gallery — cross-section 14m?, 960m long

—underground turbine hall 119 x 14 x 34m

—underground transformer station hall103m x 13.5m x 16m

—two vertical shafts 2 x 413m long, cross-section 12.5m2

— headrace tunnels

—tailrace tunnels and discharge tunnel — 1,400m long, cross-section

68.8m*

— power plant generated emissions evacuation tunnel — 92m long, cross-

section 5.5m?

GEOLOGICAL CONDITIONS

The Kdrahjikar power plant is situated in the volcanically quieter eas-
tern part of the island. The geological environment in this area is typical
of the whole island. It consists of volcanic origin rock, alternating regu-
larly with sediments, either of a sandstone type or of lava sediments (vol-
canic dust). The layers dip at 10 to 12% towards the west. The heavy frac-
turing of the layers causes significant problems during excavation opera-
tions, primarily during the excavation of the large caverns for the power
plant.

WORK PROCEDURES

CABLE GALLERY (see Fig. 2)

The excavation of the cable gallery housing cables conveying power
from the underground transformer room started on 28 November 2003 and
ended on 15 April 2004; the average advance rate was 8.8m/day.

Mining equipment:

— drill and blast operations using a Tamrock Axera Mini twin-boom drill

rig

—muck loading by a Komatsu WA 320 front end loader

— mucking out with Astra BM44 R 12 (Fiat) dumpers — 3 pcs

—excavation support with steel fibre reinforced shotcrete applied by

a Putzmeister WKM 133 wet-process machine, and 2 — 3 m long SN
25 anchors (the length as required)

It was necessary because of the small diameter of the gallery to enlarge
the excavated profile every 150m to create space for the loading. The rock
disintegrated between the loading locations was removed from the face
with the Komatsu WA 320 wheeled loader. This operation was extremely
difficult for the operator of such the big loader due to the small sizes of the
gallery cross section. On the other hand, this operation accelerated
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Obr. 2 Zdrez portdlu kdblového tunela
Fig. 2 Open trench at the portal of the cable tunnel

Technoldgia razenia:

Vrtno-trhacie préce:

— dvojlafetovy vrtny voz Tamrock Axera mini;

odtazba:

—nakladanie — ¢elny naklada¢ Komatsu WA 320;

odvoz rubaniny:

— muldy Astra BM44 R 12(Fiat) 3 ks;

zaistenie vylomu:

— strickany bet6n s ocelovymi vldknami — mokry proces, striekacie zariade-

nie Putzmeister WKM 133;

— skalné kotvy SN 25 dlzky 2 — 3 m podla potreby.

Vzhladom na maly priemer chodby bolo potrebné kazdych 150 m vyrazit’
roziireny priestor na nakladanie. Usek od jedného nakladacieho rozsirenia po
druhy bol odtazovany kolesovym nakladac¢om Komatsu WA 320, ¢o bolo
z dovodu malého prierezu chodby mimoriadne ndrocné pre obsluhu tak velké-
ho nakladaca, ale na druhe;j strane to urychlilo ¢as odtazby. Za tychto podmie-
nok razi¢i dokdzali uz na zaciatku v obdobi od 28. 11. do 20. 12. 2003 za 20
pracovnych dni vyrazit 171 m, ¢o je 8,55 m/defi. Spickové vykony, niektoré
dni az 14 m, dosiahli uZ po 1. tyZdni zozndmenia sa s prostredim a strojmi.

Pocas celého razenia tejto chodby, aj pri rasticej vzdialenosti na dopravu,
osadky dokézali udrzat' priemerny denny postup 8.8 m.

ODTOKOVY TUNEL (obr. 3)

Zaciatok razenia: 3. 1.2004. Po predchddzajicom zaistent portdlu sme zaca-
li razit tunel prierezu 68,8 m?, dlzky 1400 m so stipanim 144 §. Tento tunel
bol pod tiroviiou hladiny nedalekej rieky a hoci boli urobené tesniace hradze
okolo portalu, aj tak sa musela pocas razenia neustdle odCerpavat presakujtica
voda.

Technoldgia razenia:

Vrtno-trhacie prace:

— trojlafetovy vrtny voz Tamrock Axera T 011;

odtazba:

— nakladanie, ¢elny naklada¢ Volvo L 180 E;

odvoz rubaniny:

—ndkladné autd mercedes Actros DB 3331 6x4 3 ks;

zaistenie vylomu:

— striekany betdn s ocelovymi vldknami — mokry proces striekacie zariade-
nie Putzmeister WKM 133;

— skalné kotvy SN 25 dlzky 4 m.

Vrtny voz Axera T 11 umoZznoval vitat'cely profil tunela z jedného postave-
nia na dlzku zdberu a7 5 m. Vdaka tomu sa v kratkej dobe po zalati prac zata-
li dosahovat priemerné vykony az 10 m denne. Predpokladany ¢asovy harmo-
nogram razenia sa skratil z 10 na 8 mesiacov.

PRIVADZACE VODY K TURBINAM - ROZVADZACE (obr. 4)

Osddka pracovnikov z kabelovej chodby po ukonceni razenia zacala razia-
ce prace v privddzaCoch vody od zvislych Sachiet k turbinam. Razeny profil
tychto chodieb bol premenlivy od 114 do 34,7 m>.

Technoldgia razenia:

Vrtno-trhacie prace:

— dvojlafetovy vrtny voz Tamrock Axera mini;

odtazba:

—nakladanie, Celny naklada¢ Komatsu WA 320, Celny naklada¢ GHH LF —

4.1,

odvoz rubaniny:

— ndkladné autd mercedes Actros DB 3331 6x4 3 ks;

zaistenie vylomu:

the entire process. Under such conditions, we managed to excavate
171m of the gallery within 20 working days, i.e. 8.55m per day, as early
as the beginning, from 28 November to 20 December 2003. Peak advance
rates, some of them up to 14m per day, were achieved already after the
first week when we had got acquainted with the site and equipment.

We managed to keep an average daily advance of 8.8 m for the entire
period of this gallery excavation, despite the growing haulage distance.

DISCHARGE TUNNEL (see Fig. 3)

The 1.44% uphill gradient excavation of this 1,400m long, 68.8m? cross-
section tunnel started on 3 January 2004, after previous installation of the
support of the portal. The tunnel was built under the near river water sur-
face level. We had to continually pump the seeping water in the course of
the excavation, in spite of cut-off walls built around the portal.

Mining equipment:

—drill and blast operations using a Tamrock Axera T 011 three-boom

drill rig

—muck loading by a Komatsu Volvo L 180 front end loader

—mucking out with Mercedes Actros DB 3331 6x4 dumpers — 3 pcs

—excavation support with steel fibre reinforced shotcrete applied by

a Putzmeister WKM 133 dry-process machine, and 4 m long SN 25
anchors

The Axera T 11 drilling set allowed us to reach the whole face from
a single set up and to achieve a round length up to Sm. Owing to this fact,
we began to achieve average advance rate up to 10m per day in a very
short time after the start up of the operations. We managed to reduce the
scheduled excavation time from 10 months to 8 months.

HEADRACE TUNNELS - DISTRIBUTORS

After the completion of their work on the cable gallery, the mining crew
started to drive the headrace tunnels leading water from the vertical shafts
to turbines. The excavated cross section of these tunnels varied from
1.4 to 34.7m?.

Mining equipment:

—drill and blast operations using a Tamrock Axera Mini drill rig

—muck loading by a Komatsu W 320 front end loader and GHH LF —

4.1 front end loader
—mucking out with Mercedes Actros DB 3331 6x4 dumpers — 3 pcs
—excavation support with steel fibre reinforced shotcrete applied by
a Putzmeister WKM 133 wet-process machine, and 2 - 3m long SN
25 anchors

The Komatsu WA 320 was used for the excavation and muck loading in
profiles over 14m?. Smaller profiles were excavated using the GHH LF —
4.1 loader, which moved the muck to larger profile sections, where it was
loaded by the Komatsu on the Mercedes Actros dumpers.

TAILRACE TUNNELS CARRYING WATER FROM TURBINES
TO THE DISCHARGE TUNNEL

While finishing the work on working on the headrace tunnels, the
mining crew was continually transferred to the excavation of six tailrace
tunnels with their cross sections of 14.5m? and lengths ranging from 49 to

Obr. 3 Pohlud do odtokového tunela z podzemnej elektrdrne
Fig. 3 A view inside the discharge tunnel from the underground power plant



Obr. 4 Pristupovd chodba k prividzacom do turbin — rozvddzacom
Fig. 4 Access adit to headrace tunnels — distributors

— striekany bet6n s ocelovymi vlaknami — mokry proces striekacie zariade-
nie Putzmeister WKM 133;

— skalné kotvy SN 25 dlzky 2 — 3 m podIa potreby.

Pri razeni profilu nad 14 m* sa pouzivali na odtazbu a nakladanie naklada¢
Komatsu WA 320. Pri menSich profiloch sa nakladacom GHH LF — 4.1 vyv4-

ndkladnych aut mercedes Actros.

ODVADZACE VODY OD TURBIN DO ODTOKOVEHO TUNELA

Osddka z privadzacich chodieb pri postupnom dokoncievani raziacich prac
prechddzala kontinudlne do razenia Siestich odvddzacich chodieb od turbin
prierezu 14,5 m?, dlzky od 49 do 63 m. Razenie sa rozvinulo tak, aby sme
mohli pracovat'na viacerych pracoviskdch naraz.

Technoldgia razenia:

Vrtno-trhacie préce:

— dvojlafetovy vrtny voz Tamrock Axera mini;

odtazba:

—nakladanie, ¢elny naklada¢ Komatsu WA 320, Celny naklada¢ GHH LF - 4.1;

odvoz rubaniny:

—ndkladné autd Mercedes Actros DB 3331 6x4 3 ks;

zaistenie vylomu:

— striekany betdn s ocelovymi vldknami — mokry proces striekacie zariade-

nie Putzmeister WKM 133;
— skalné kotvy SN 25 dlzky 2 — 4 m podla potreby.

RAZENIE STROJOVNE A TRANSFORMATOROVNE

Diia 6. 5. 2004 sa zaCalo s razenim kaloty transformétorovne prierezu
85,7 m?, v celkovej dlzke 103 m. Razit sa zacalo od stredu trafostanice na
obidve strany a po vytvoreni dostatoného priestoru sa popri transformatorov-
ni zacala razit aj kalota strojovne prierezu 1214 m” a dlzke 119 m. Celd kalo-
ta $irky 14 m a vysky 9 m sa vitala z jednej pozicie vrtného voza, pricom dlzka
zaberov bola 5 m (obr. 5).

Raziace prace na dvoch Celbédch v trafostanici a dvoch v strojovni sa zabez-
pecovali s osddkou 8 pracovnikov na zmenu. Pri plnom vykone v trafostanici
a strojovni bolo za tyzderi vyvezenych az 5000 m® rubaniny, vystriekanych
240 m’ striekaného beténu a osadenych 93 ks 4 m a 87 ks 5 m dlhych SN kotiev.

Po ukonceni tychto prdc sa zacala z trovne 22,5 m razit’ druhd lavica po
14,5 m. U7 na zaciatku prehlbovania strojovne sa ukdzalo, Ze projektant navr-
hol nedostatocné primdrné ostenie strojovne, ale aj ostatnych chodieb v jej tes-
nej blizkosti. Dochddzalo tak k praskaniu ostenia hlavne v pritokovych chod-
bach, ale aj v samotnej strojovni. Poskodené ostenie muselo byt opravené
a spevnené. Opatrenia na zabranenie dalsfm $kodém boli pre investora naklad-
né a sposobili miernu ¢asovi stratu.

Po vyrazeni druhej lavice sa kontinudlne pokracovalo v razeni tretej lavice
po vyskovd droven 7,5 m.

Pocas razenia lavic sa neustdle merali konvergencie stien strojovne, ktoré
v oblasti Zeriavovej drahy dosiahli hodnotu 10 cm.

ZAVER
Razenie objektov podzemnej elektrdrne Kdrahnjikar na Islande bolo pre

ziicastnenych pracovnikov ndrocné hlavne z dévodu drsnych klimatickych
pomerov tohto severského ostrova. Napriek stazenym podmienkam pracovni-
ci dokézali odviest' kvalitni pracu k spokojnosti investora a ukonéit’ vSetky
raziace prace v predstihu a tak si zashiZit uznanie odbornej verejnosti.

ING. JOZEF HRIC, hric@vahostav-tsz.sk,

VAHOSTAV - TUNELY A SPECIALNE ZAKLADANIA, a. s.
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Obr. 5 Podzemnad strojoviia s pritokovymi a odtokovymi chodbami od turbin
a spojkami do podzemnej trafostanice

Fig. 5 Underground turbine hall with headrace and tailrace tunnels and con-
nections to the underground transformer hall

63m. We organised the operations in a manner allowing us to work on
several work places simultaneously.

Mining equipment:

—drill and blast operations using a Tamrock Axera Mini twin-boom
drill rig

—muck loading by a Komatsu W 320 front end loader and GHH LF —
4.1 front end loader

—mucking out with Mercedes Actros DB 3331 6x4 dumpers — 3 pcs

—excavation support with steel fibre reinforced shotcrete applied by
a Putzmeister WKM 133 wet-process machine, and 2 - 4m long SN 25
anchors, as required

EXCAVATION OF THE TURBINE HALL
AND TRANSFOMER STATION HALL

We started to excavate the transformer station hall having the cross sec-
tion of 85.7m? and length of 103m on 6 May 2004. The excavation work
was carried out from the middle of the transformer station to either side.
When a sufficient space had been excavated, we started to excavate, in
addition to the transformer station, also the top heading of the turbine hall,
with the cross section of 121.4m? and length of 119m. The drilling for the
entire top heading profile was performed from a single set up, reaching the
round length of 5m (see Fig. 5).

The excavation operations running at two headings in the transformer
station and two headings at the turbine hall were carried out by a crew of
8 miners per shift. In full swing of the work on the transformer station and
turbine hall, up to 5,000m? of muck were disposed of, 240m? of shotcrete
were applied and 93 pcs of m long anchors and 87 pcs of Sm long SN
anchors were installed per week.

After completion of the above operations we started to excavate the
second bench from the level of 22.5m to the level of 14.5. It was obvious
from the very beginning of the work on deepening of the turbine hall that
the designer designed an inadequate primary support system, not only for
the turbine hall, but also for other tunnels in the vicinity. The support bre-
aking occurred mainly in the headrace tunnels, but also in the turbine all
itself. The damaged support had to be repaired and reinforced. The steps
taken to prevent other damage were costly for the owner, and they resul-
ted into a short delay.

When the second bench excavation was finished, we passed continual-
ly to the excavation of the third bench, up to the level of 7.5m. Conver-
gences of the walls of the turbine hall were measured continually during
the excavation. Their values reached 10cm in the area of the crane track.

CONCLUSION

The excavation of the structures of the Kdrahnjikar underground power
plant in Island was difficult for our workers, first of all for the reason of
harsh climate conditions of this Northern island. In spite of the worsened
conditions, we managed to perform work to the owner’s satisfaction, and
to complete all excavation operations in advance of the schedule, thus to
deserve respect and appreciation of the professional public.

ING. JOZEF HRIC, hric@vahostav-tsz.sk,
VAHOSTAV - TUNELY A SPECIALNE ZAKLADANIA, a.s.
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MERENI RYCHLOSTI V TUNELECH - PODSTATNY PRISPEVEK
PRO BEZPECNOST

MEASUREMENT OF SPEED IN TUNNELS - SUBSTANTIAL
CONTRIBUTION TO SAFETY

PAVEL PRIBYL, PETR ZOBANIK, JURAJ SPALEK

uvob

Nepfiméfena rychlost je podle statistik Policie CR dlouhodobé
hlavni pfi¢inou dopravnich nehod zavinénych Fidi¢i motorovych
vozidel s ndsledkem usmrceni. Jenom v minulém roce zahynulo vli-
vem neprimérené rychlosti 556 osob, coZ je témér 50 % vSech usmr-
cenych v provozu na pozemnich komunikacich.

Zv14st nebezpeéné je prekracovdni rychlosti v tunelech, kde to je
potencidlnim zdrojem mimorddnych udélosti a havdrii. PfedbéZnd
mérfeni provadénd laserovou pistoli v letech 2003 — 2004 ukézala, Ze
ve Strahovském tunelu v zdpadni tunelové troubé jelo vozidlo rych-
losti 152 km.h"'. Tunel v8ak neni na takovouto rychlost navrhovan,
a proto zde bylo nékolik vdznych nehod.

Pro vynuceni sniZen{ rychlosti vozidel 1ze zvolit nékolik zpusobu
jejtho méfeni. Ve spolupréci s policii byl na jiznim rozpletu Stra-
hovského tunelu umistén standardni radar pro méfeni rychlosti. To
s sebou neslo jesté zvyseni rizik, nebot' rychle jedouci vozidla pred
mistem méfen{ prekotné brzdila.

Vibec nejvhodnéjsim fefenim je donutit fidiCe, aby cely tsek
projizdéli povolenou konstantni rychlosti. K tomu je nejvyhodné&;jsi
méfeni prumérné rychlosti po celé délce trasy v tunelu. V rdmci pro-
jektu OPTUN ,,Optimalizace provozu tunelt pozemnich komunika-
ci“ byla navrZena a testovana metoda pro méfeni pramérné rychlos-
ti na dseku nazyvand ddle ,,isekovd rychlost” ve shod¢ s anglickym
nazvem ,,Section Control®. Pfi zndmé $patné moralce naSich fidica
jsou vysledky tak prukazné, Ze nové tunely kategorie TA, viz lit. [1],
budou povinné touto technologii vybavovany a pro ostatni katego-
rie bude zvazovano o instalaci na zdkladé posouzeni rizik.

Projekt OPTUN je vyzkumny projekt ministerstva dopravy plé-
novany na léta 2004 — 2006. Resi ho konsorcium Fakulta dopravni
CVUT, Metroprojekt, Metrostav, TSK hl. m. Prahy pod vedenim
Eltodo EG. Krome zvySovani bezpecnosti je projekt zaméfen na
tvorbu specidlni architektury tunelu, kterd umozZni investorovi a pro-
jektantovi mnohem lep$i orientaci ve slozité problematice technolo-
gického a bezpecnostniho vybaveni s ndslednou skute¢nou optima-
lizaci vybaveni. Druhy kli¢ovy rdmec je zaméfen na optimalizaci
ventilace z hlediska provoznich ndkladd, kde se vyuZivd myslenka
vyuZiti modelu dopravniho proudu pro optimalizaci fizeni. Tato ori-
gindlni myslenka byla publikovdna jiz v roce 1997, lit. [2] a prvni
vysledky ukazuji, Ze bude pfinosem pro fizeni a optimalizaci pro-
vozu ventilace. Tretim rdmcem projektu je sledovéani chovani fidica
v tunelu. JiZz prvni vysledky ukazuji, Ze se vétSina fidi¢i chovd
v tunelu jinak, coZ se projevuje v parametrech jizdy. Kvantifikace
této zmény by mohla byt pomocnym podkladem pro ndvrh paramet-
rl tunelu.

PRINCIP MERENI USEKOVE RYCHLOSTI

Mgéfeni tisekové rychlosti (ddle MUR) slouzi k méfeni primérné
rychlosti vozidel, kterd projedou pfedem vymezenym méficim dse-
kem na vozovce. Podstatou metody je méfeni doby prajezdu moto-
rového vozidla definovanym méricim dsekem vozovky, z ¢ehoz lze
vypod&itat prumérnou rychlost vozidla na daném dseku. Detailni
popis lze nalézt v lit. [3]. Principidlni schéma méfeni je na obr. 1.
Na vozovce je presné stanoven méfici isek mezi dvéma pri¢nymi
¢arami. Kamerovou jednotkou KJ je snimdna na zacatku dseku ¢ast
vozidla s registra¢ni znackou. Ta je automaticky rozpozndna ve
vyhodnocovacim serveru a je uloZena do databdze. Po projeti dse-
kem je opét rozpozndna registradni znacka a obé znacky jsou s Caso-
vymi razitky sparovany. Nésledné je vypo&itdna prumérnd rychlost

INTRODUCTION

According to statistics of the police department of the Czech Republic,
speeding is a constantly leading cause of traffic accidents that involve dri-
vers of motor vehicles and human casualties. Last year solely, 556 per-
sons died because of speeding, which is almost a half of all those that died
in road traffic.

Speeding in tunnels is especially dangerous as it potentially gives rise
to extraordinary events and accidents. Preliminary measurements of
speed using a hand-held laser scanner between 2003 and 2004 showed
that one vehicle moved at the speed of 152 km.h-1 through the western
tunnel tube of the Strahovsky tunnel. However, the tunnel is not designed
for such speed, and therefore there have been several serious accidents.

In order to enforce reduction of vehicles’ speed, several methods of
measurement can be adopted. In cooperation with the police, a standard
radar speedmeter was installed at southern bifurcation of the Strahovsky
tunnel. But that brought a higher level of risk still, as the fast-moving
vehicles braked abruptly in front of the measurement spot.

The ideal solution is to force the drivers to pass through the entire sec-
tion at constant permitted speed. For this it is convenient to measure ave-
rage speed along the entire tunnel length. Within the framework of the
OPTUN project “Optimization of road tunnel operation”, a method for
measurement of section average speed was designed and tested. It is furt-
her referred to as “section speed” in accordance with the English title
”Section Control”. Considering the infamous poor conduct of our drivers,
the results are so striking that new tunnels of the TA category, see lit. [1],
will be obligatorily equipped with this technology while equipment of
tunnels of other categories will be considered based on risk assessment.

The OPTUN project is a research project of the Ministry of Transport
planned for years 2004 — 2006. It is carried out by Faculty of the Traffic
Engineering of the Czech Technical University, Metroprojekt, Metrostav,
TSK Prague under the leadership of Eltodo EG. Beside enhancing the
safety, the project is focused on creation of special tunnel architecture,
which will provide the investor and the designer with much better orien-
tation in the complex field of technological and safety equipment with
subsequent real optimization of the equipment. The second key aim is the
optimization of ventilation from the viewpoint of operating costs, where
the idea of traffic flow models for optimization of control are being used.
This innovative idea was first published in 1997, lit. [2], and first results
suggest that it will be a contribution to control and optimization of venti-
lation operation. The third aim was to monitor behavior of drivers in the
tunnel. As the first results suggest, most drivers alter their behavior in tun-
nels, which translates into their driving parameters. Quantification of this
change could be a useful data for proposal of the tunnel parameters.

PRINCIPLES OF MEASUREMENT OF THE SECTION SPEED

Measurement of the section speed (MSS) is designed to measure the
average speed of vehicles that pass through a predetermined road secti-
on. The method’s principle is the measurement of time the motor vehicle
needs to pass through the defined measured road section, from which an
average speed of the vehicle throughout the given section can be calcula-
ted. For detailed description see lit [3]. For detailed measurement scheme
see Fig. 1. Two traversal lines are drawn on the carriageway defining the
measurement section. A camera unit at the section beginning scans the
vehicle’s license plate. It is automatically recognized by the evaluating
server and stored in the database. After passing through the section, the
license plate is scanned again and both license plate entries are combined
along with the time records. Subsequently, the average speed throughout
the section is calculated. If the speed limit was not exceeded, the entry is
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Obr. 1 Principidlni schéma rychlomeru (0]- osvitovd jednotka, KJ- kamerovd
Jednotka), lit.
Fig. 1 General speedometer scheme (OJ- illumination unit, KJ- camera unit), lit.

na dseku. Pokud nedoslo k prekro¢eni povolené rychlosti, je zdznam
smazdn. Pokud doslo k prekroceni, je zasldn operatorovi ke kontro-
le a vyhodnoceni. V pripadé §patnych svételnych podminek poméha
zlepsit Citelnost znaCky infracervend osvitova jednotka OJ.

Na tomto misté je vhodné poznamenat, Ze se jednd o neinvazivni

méfeni, které nevyzaduje zdsahy do konstrukce vozovky v tunelu.

Na méreni usekové rychlosti jsou kladeny nésledujici poZadavky:

1. Ze snimku vozidla pofizenych na zacatku a konci méficiho
useku jsou automaticky vytvoreny referencni snimky. Systém
musi{ pracovat zcela automaticky. Dalkové se nastavuje zapnu-
ti/vypnuti méfeni, maximdlni povolend rychlost a hodnoty
rychlosti klasifikované jako prestupek.

2. Vlastni méfeni pramérné rychlosti je zcela bezobsluzné
a nesmi byt mozné jej ovlddacimi prvky nikterak ovlivnit.

3. Pfesnost méfeni musi byt zaruCena tim, Ze délka mériciho
useku je zméfena s vyzadovanou presnosti a oba snimky jsou
opatfeny Casovymi znackami presné ¢asové zdkladny.

4. Konstrukce a prostorové umisténi jednotlivych zafizeni musi
byt navrzeny tak, aby byla vzdy zméfena minimalni primérnd
rychlost daného vozidla.

5. Technickymi prostredky a pocitaovym zpracovanim musi byt
vytvoreny takové podminky, Ze nemuZze dojit k poskozenf fidi-
e tim, Ze by byla naméfena prumérnd rychlost vy33i, nez kte-
rou ve skute¢nosti jel.

6. Musi byt zajisténo, Ze indikovand rychlost nemuze byt pripsa-
na jinému vozidlu.

7. Ve zpracovaném doplinku TP98 se vyzaduji ndsledujici maxi-
malni chyby méfeni primérné rychlosti:

do 100 km.h"! + 3 km.h’!
... nad 100 km.h! £3%

POUZITA TECHNOLOGIE

Pro detekci vozidla a pro zjisténi jeho rychlosti 1ze pouZit fady
senzort. Pokud v8ak chceme méfenou rychlost pfifadit konkrétnimu
vozidlu, tak je nutné pouZit videodetekci”. Snimaci kamera obsahu-
je specidlni obrazovy senzor, ktery pracuje i ve zhorSenych svétel-
nych podminkdch. Zachyceny obraz zpracovdvd sofistikovany
vyhodnocovaci software, jehoZ vystupem jsou alfanumerické znaky
registracni znacky, viz obr. 3.

Vlastni postup je zaloZen na digitalizaci analogového video-
obrazu spojitého v Case i Urovni. Digitdlni obraz je ekvivalentem
spojité obrazové funkce f(i,j), kde i a j jsou soufadnice bodu
v ploSe obrazu. Je ziskdn pomoci vzorkovéani do matice MxN bodu

D Dals§i mozZnosti je vybavit vozidlo palubni jednotkou a komunikovat napiiklad
dedikovanym spojenim kratkého dosahu tak, jak je to béZné u systéma mytného.

‘Automatické vyhodnoceni
Automatic assessment
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deleted. However, if it was exceeded, the entry is sent to

Podklady the operator for control and evaluation. In case of poor
L O light conditions, scanning of the license plate is assisted
prestupkové

by infra-red illumination unit. This is a good place to
point out that it is a non-invasive measurement, one that
does not require structural changes of the tunnel carria-
geway.

The following requirements are placed on the measu-
rement of section speed:

1. Reference images are automatically created from
the vehicle images taken at the beginning and end of the
measured section. The system must be working fully
automatically. Turning on/off the measurement, speed
limit setting and speed values classified as misdemeanor
are all remotely controlled.

2. The measurement of average speed is completely
automatic and manipulation by controlling elements
must not be possible.

3. Precision of the measurement is guaranteed by the
fact that length of the measured section is measured with
required accuracy and both images are assigned time
entries according to precise time base.

4. Structure and spatial position of the individual devi-
ces has to be designed so that the minimal average speed of the passing
vehicle is always measured.

5. Technical means and computer processing have to create such con-
ditions in which a driver cannot be wronged by being measured a hig-
her average speed than the one at which he/she actually traveled.

6. It has to be prevented that the indicated speed be attributed to anot-
her vehicle

7. The elaborated appendix of Technical Specifications TP98 stipula-
tes the maximum errors of measurement of section speed:

up to 100 km.h! =3 kmh!
above 100 km.h"! =3 %

projednani
Grounds

for offence

proceedings

APPLIED TECHNOLOGY

Numerous sensors can be used to detect a vehicle and measure its
speed. But if we want to attribute the measured speed to a particular
vehicle, video-detection has to be used. Scanning camera contains a spe-
cial image sensor that operates even under poor lighting conditions. The
scanned image is processed by sophisticated evaluation software with
alpha-numerical symbols of license plates as output, see Fig. 3.

The procedure is based on digitalization of the analogue video-image,
continuous in time and level. Digital image is an equivalent of continu-
ous image function f{7, j) where i and j are coordinates of the point in the
image area. It is acquired by sampling into a matrix of MxN points and
quantizing into K levels. Very important role is played by the level of
resolution of the image, expressed in DPI units : dots per inch.

However, digital image can be distorted due to the method of scanning
or poor light conditions. If the character of distortion is known, then it can

Obr. 2 Kamery zarizeni pro méreni tisekové rychlosti za podjezdem
Zlichov — Radlickd

Fig. 2 Cameras of the equipment section speed measurement facility behind
underpass Zlichov-Radlickd
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a kvantovdnim do K drovni. Velmi daleZitou roli hraje rozliSovaci
troveri obrazu uvadéna v jednotkdch: pocet bodu/palec (DPI-Dots
Per Inch).

Digitdlni obraz vSak muZe byt zkreslen kvali zpusobu snimdni
nebo nevhodnym svételnym podminkam. Pokud je zndm charakter
zkresleni, je mozné tuto chybu opravit pomoci korekci, které jsou
pouzivdny pro predzpracovani obrazu (jasové a geometrické trans-
formace, filtrace, ostfeni apod.).

Findlnim krokem pfi zpracovani obrazu je klasifikace (rozpozna-
ni obrazcu). Ve vétsiné pripadu se jednd o zafazani objektu naleze-
nych v obraze do skupiny predem zndmych tfid, tedy napriklad pri-
fazeni objekta registradni znacky alfanumerickym znakam.

Videodetekeni technologie md i jistd omezeni: mohou se projevit
vlivy nedostate¢né viditelnosti zpusobené destém, snéZenim a mlhy.
Ve vSech uvedenych pripadech bude identifikace vozidel mozna jen
za predpokladu Citelné registraéni znacky. Také zneCisténd znaCka
vozidla miZe znemoZnovat jeho jednozna¢nou automatickou identi-
fikaci. V ur¢itych pripadech je mozné ndsledné identifikovat vozid-
lo a jeho znacku na zdkladé dokumentacniho snimku. Pro méfeni
i v noci se kamerové systémy doplnuji o systémy no¢niho vidéni,
které je realizovdno pomoci infradervenych reflektori. Kamery
,,vidi*“ i v infracervené ¢dsti spektra na rozdil od lidského oka. Diky
tomu kamery mohou pracovat i za dplné tmy a pritom nedochdzi
k oslfiovan{ fidicu.

Snimaci kamery jsou umistovdny nad osy jizdnich pruht. Na
obr. 2 je zachycen portdl s kamerami na dseku Zlichov — Radlickd.

PRESTUPKOVE DOKUMENTY A LEGISLATIVA

Dokladem o prestupku jsou snimky vozidla, pokud z nich je zrej-
mé, Ze namerend rychlost byla vyssi neZ povolend, doplnéné o tdaje
potiebné k prokézdni prestupku. Snimek na vjezdu i na vyjezdu
méfeného tiseku je opatfen Casovym razitkem, identifikac{ a ndzvem
mista, ve kterém byl pofizen. Prestupkové dokumenty se typicky
archivuji na zdiznamové médium a musi byt déle, pti prestupkovém
fizeni, verifikovany $kolenym operédtorem.

Zafizeni pro UMR pouZivané pii kontrole dodrzovani pravidel
silni¢niho provozu jsou vymezena prilohou k vyhldsce 345/2002 Sb.
Ministerstva pramyslu a obchodu ze dne 11. Cervence 2002, poloz-
ka 2.2.1. O schvdleni musi byt vydén ,,Certifikdt o schvdleni typu
méfidla“ Ceskym metrologickym institutem pod zna¢kou schvaleni
typu. U v8ech zafizeni musi byt pravidelné provddéno ovéfeni met-
rologickych vlastnosti.

Piestupce je predvolavan podle paragrafu 12 odst. 1 zakona CNR
¢. 283/1991 Sb., o Policii, ve znéni pozdéjsich predpisu za Glelem
podani vysvétleni. Toto predvoldni se zahajuje na zdkladé zjisténi
prestupku proti bezpecnosti a plynulosti silni¢niho provozu podle
paragrafu 22 zdkona CNR &. 200/1990 Sb., o prestupcich, ve znéni
pozdéjsich predpisu. Odstavec (1), pismeno a) — prekroceni nejvys-
§f dovolené rychlosti stanovené zvlastnim zdkonem nebo dopravni
znackou o vice nez 30 km.h-! v obci nebo o 50 km.h-! mimo obec.
V pripadé, Ze osoba odepre vysvétleni dle paragrafu 12 odst. 3 zdko-
na CNR &. 283/1991 Sb., o Policii, ve znéni pozd&jsich piedpisi, je
zjistény prestupek predan do spravniho fizeni.

Zatizeni pro UMR musi byt vybaveno prostiedky pro tvorbu elek-
tronického podpisu zpracovanych ddaju. Cely proces automatického
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Obr. 4 Poéty vozidel a pFestupku v ramci jednodenniho méreni
Fig. 4 Counts of cars and offence events based on one-day measurement
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Obr. 3 Validace prestupkit na pracovisti operdtora dohledu
Fig. 3 Validation of offence events at workplace of the supervising operator

be remedied by corrections that are used for image pre-processing
(brightness and geometric transformations, filtering, contrasting etc.).

Classification (pattern recognition) is the final step of image proces-
sing. In most cases this means categorisation of objects found in the
image into predefined classes, for instance assigning alpha-numerical
symbols to license plate objects.

The video-detection technology also has some limitations : there can
be impacts of poor visibility due to rain, snow and fog. In all cases, vehic-
le identification will only be possible assuming readable license plates.
Unclean license plate can prevent its unambiguous automatic identifica-
tion. In some cases, it is possible to identify the vehicle ex-post based on
reference image of the license plate. In order to measure at night time as
well, the camera systems are supported with night vision that is provided
by infra-red reflectors. Unlike the human eye, the cameras “see”” even the
infra-red color spectrum. Because of that, the cameras can operate even
under total darkness while drivers are not blinded.

The scanning cameras are placed above axes of the lanes. Fig. 2 depicts
portal with cameras at the Zlichov-Radlick4 section.

MISDEMEANOR DOCUMENTS AND LEGISLATION

The evidence of misdemeanor is represented by images of the vehicle
if they clearly show that measured speed exceeded the speed limit, supp-
lemented with data necessary to prove the misdemeanor. Images at the
entrance as well as exit come with a time entry, identification and title of
the location where the image was taken. Misdemeanor documents are
typically stored on digital mediums and, if subject to misdemeanor pro-
ceedings, are further verified by a trained operator.

Equipment for MSS, used when observing the road traffic regulations,
is limited according to appendix of notice 345/2002 Sb. of the Ministry
of Industry and Trade from July 11,2002, item 2.2.1. In this approval pro-
cedure, the Czech Metrological Institution has to issue a “Certificate of
approval for the type of measurement”. Verification of metrological cha-
racteristics of all devices has to be carried out regularly.

The offender is summoned according to article 12, paragraph 1 of Poli-
ce Act CNR no. 283/1991 Sb. in the wording of later regulations to sub-
mit explication. This summoning is initiated by misdemeanor charges

_‘?\
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Obr. 5 Histogram prekroceni rychlosti
Fig. 5 Histogram of speeding
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Obr. 6 Informacni znacka kontroly rychlosti
Fig. 6 Speed controlling message sign

vyhodnocovéani probihd bez jakékoliv ucasti Clovéka. Zjisténé
prestupky se validuji operdtorem pomoci specializovaného softwaru
pro zpracovéni, vyhodnoceni a dokumentaci prestupku. Ukdzka
typické obrazovky softwaru UnicamPEN pro vyhodnocovéni méfe-
ni rychlosti jizdy v dseku je na obr. 3.

Pomoci prectené RZ je mozné automaticky vyhledat v centrdlnim
registru vozidel majitele, resp. provozovatele vozidla a ndsledné jej
predvolat k podéni vysvétleni. Pfedvoldnku a protokol o projednédni
prestupku je vhodné vytvaret automatizované.

VYSTUPY MERENI NA USEKU ZLICHOV - RADLICKA

Systém pro tsekové méreni je dosud instalovdn na nésledujicich
lokalitach:

1. Usek vozovky za podjezdem Zlichov — Radlickd (smér sever) —

5 jizdnich pruha

2. Strahovsky tunel — 4 jizdni pruhy

3. Tunel Mrézovka — 6 jizdnich pruhu

V prvni etapé zkouSek se zjiStovalo vlastni chovani Fidi¢i na
useku vozovky za podjezdem Zlichov — Radlickd, tedy na volné
komunikaci, a to ihned po uvedeni do provozu, kdy jest€ mezi moto-
ristickou vetejnost nevstoupilo ve zndmost, Ze se méfi. Vysledky
nebyly prekvapivé pii zndmé nedisciplinovanosti naich fidicu.

Pramérné polty prestupki prekroceni rychlosti o 20 km.h'!
v ramci typického dne jsou na grafu v obr. 4. Z celkového poctu
vozidel, kterd projela danym mistem, spachalo prestupek prekroce-
ni rychlosti cca 15 %. Toto &islo tedy znamend, Ze pokud napf.
projede jistou komunikaci 5000 vozidel denné, pak 750 z nich pre-
kro¢f rychlost 0 20 km.h!.

Typické polty prestupku prekroceni rychlosti o 0, 10, 20...km.h"!
pro jeden jizdni smér jsou uvedeny na obr. 5. Nejvy$si zaznamenand
rychlost byla 165 km.h!.

VYSTUPY MERENI VE STRAHOVSKEM
TUNELU - PROJEKT OPTUN

Ve Strahovském tunelu je rychlost vozidel méfena ve trech
fezech v kazdé tunelové troubé na zadtku, uprostred a na konci.
V intervalu péti minut je zaznamendvdna intenzita dopravy a tdseko-
va rychlost. Po odfiltrovdni chybnych tdaju je poéitdna denni pru-
mérnd tsekovd rychlost (za 24 hod). Hodnoty statistickych souboru
vykazuji varialni koeficient kolem 10 %, coZ svéd¢i o znacné sou-
rodosti dat.

V rdmci projektu OPTUN byla provedena analyza pro tfi rizné
stavy:
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with neglecting safety and traffic conduct according to article 22 of Mis-
demeanor Act CNR no. 200/1990 Sb., in the wording of later regulations.
Paragraph (1), letter a) — exceeding the maximum speed limit as stipula-
ted by special law or traffic sign by more than 30 km.h-1 within munici-
pality or by 50 km.h! in open country. In case that a person denies expli-
cation according to article 12, paragraph 3 of Police Act CNR no.
283/1991 Sb. in the wording of later regulations, the misdemeanor is sub-
mitted for legal proceedings.

The MSS device has to be equipped with means for digital signature of
the processed data. The whole process of automatic evaluation proceeds
without participation of a single person. All misdemeanors found are to
be validated by operator using specialized software for processing, eva-
luation and documentation of misdemeanors. For example of typical
image of UnicamPEN software for evaluation of measurement of section
speed see Fig. 3.

Based on the scanned license plate, it is possible to automatically trace
the vehicle proprietor or operator within the central registry of vehicles
and subsequently summon him to submit explication. It is convenient to
produce the summons as well as protocol on misdemeanor proceedings
automatically.

OUTPUT OF MEASUREMENT AT SECTION
ZLICHOV-RADLICKA

The system for section measurement has so far been installed in the
following localities:

1. Carriageway section behind underpass Zlichov-Radlickd (northern

direction) — 5 lanes

2. Strahovsky tunnel — 4 lanes

3. Mrizovka tunnel — 6 lanes

Within the first testing phase we observed the behavior of drivers at
carriageway section behind underpass Zlichov-Radlickd, i.e. open road,
and thus closely after its putting into operation when it was not yet gene-
rally known that speed is being measured. The results were not surpri-
sing, considering the infamous poor conduct of our drivers.

For average counts of misdemeanors of speeding by 20 km.h' on
a typical day see chart in Fig. 4. From all the vehicles that passed this sec-
tion, app. 15% committed a speeding misdemeanor. This number means
that if for instance there are 5000 cars that pass a given road section, then
there are 750 that exceed the speed limit by 20 km.h'.

See the following Fig. 5 for typical counts of misdemeanors of spee-
ding by 0, 10, 20...km.h" in one direction. The highest speed recorded
was 165 km.h'.

OUTPUT OF MEASUREMENT IN STRAHOVSKY
TUNNEL - OPTUN PROJECT

Inside the Strahovsky tunnel, speed of vehicles is measured in each
tunnel tube at three cross sections at the beginning, in the middle, and at
the end. Intensity of traffic and section speed is being recorded in 5 minu-
te intervals. After filtering of outliers, daily average section speed (per
24 hours) is calculated. The statistical data files exhibit a variation coef-
ficient of app. 10%, which is a sign of substantial data homogeneity.

Within the frame of the OPTUN project, we carried out analysis of
three different phases:

(1) Device for controlling the speed limit of vehicles was not yet in
operation — tested in October 2003

(2) The device was in operation, but there was no message sign placed
in the tunnel warning about the measurement of section speed of vehic-
les — September 2004

(3) Message sign was installed at the tunnel entrance, warning the dri-
vers about the measurement of section speed, see Fig. 6 — October 2004

Average daily speeds were calculated separately for the eastern tunnel
tube (ETT) and western tunnel tube (WTT) of the Strahovsky road
tunnel.

As for the phase 1 without the speed controlling device between
2992003 and 12.10.2003, average values of section speed range bet-
ween 754 — 81,91 km.h'.

For the phase 2 when message sign informing about the measurement
was not yet installed, but the public still already learned by various ways
about its existence, daily section speed dropped to interval 52,67 —
62,11 km.h'. It was tested between 27.9.2004 and 10.10.2004.
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(1) Zarizeni pro kontrolu

dodrzovani maximdlni povole-

. . < 90,00

né rychlosti vozidel nebylo E
v provozu: testovdno v zdri 80,00 —W —
2003.

(2) Zarizeni bylo v provozu, 70,00
ale na vjezdu do tunelu nebyla
umisténa informadéni znacka 60,00 _ —_— e ———
o méfeni usekové rychlosti: - — I
z4r{ 2004. 50,00

(3) Pied vjezdem do tunelu
byla nainstalovdna znacka 40,00
upozornujici fidice na mérfeni
rychlosti vozidel: f{jen 2004 30,00
(obr. 6).

Pramérné denni rychlosti 20,00
byly spoéitiny zvladst pro
vychodni tunelovou troubu oEe
(VTT) a zédpadni tunelovou
troubu (ZTT) Strahovského 0.00 N N
automobilového tunelu. S O O O o fp K Y Ko S5 S o g S

V piipadé (1) bez kontroly S 59 50 B Tt S (T S RSN C A CARSC R
rychlosti jsou od 29.9.2003 do A A A A
12.10.2003 prﬁmémé hodnoty ZTT 2003 VTT 2003 ZTT bez oznaceni VTT bez oznaceni ZTT s ozna¢enim VTT s ozna¢enim

usekové rychlosti mezi 754 —
81,91 km.h!.

Pokud jesté nebyla umisténa
znacka informujici o meéfeni,
sub (2), ale cestujici vefejnost
se tuto skutenost riznymi zpu-
soby dozvédéla, klesla denni tsekovd rychlost na interval mezi 52,67
— 62,11 km.h'!. Testovéno ve dnech 27.9. 2004 az 10. 10. 2004.

Po instalaci informacni znacky se rychlost jiz prili§ nezmenila, nebot’
ve dnech 25. 10. 2004 a 7. 11. 2004 leZela mezi 52,54 — 60,51 km.h'!.

Z analyzovanych vysledku a z grafu na obr. 7 je patrné, Ze rozptyl
dennich prumérnych rychlosti je velmi maly, mezi 0,5 — 1,2 km.h"!.
V roce 2003 byla primérnd rychlost vozidel v SAT priblizné 76,68
km.h' v ZTT a 77,10 km.h"' v VTT. V obdobi, kdy fidi¢i nebyli
upozornéni na méfeni rychlosti dopravni znackou, byla prumérnd
rychlost v ZTT 53,27 km.h'! a v VIT 61,23 km.h"!. V obdobi, kdy
byla znaCka nainstalovéna, &inila rychlost v ZTT 53,55 km.h!
a VTT 60,33 km.h"'. Rychlosti v ZTT jsou o néco nizi{ z toho davo-
du, Ze v ZTT je kladné stoupdni.

ZAVER

V ramci projektu OPTUN bylo prakticky ovéreno, Ze prumérna
denni rychlost v tunelu se po nainstalovéni zafizeni pro méfeni use-
kové rychlosti sniZi zhruba o 23 km.h"! ve vychodni tunelové trou-
bé ao 16 km.h'! v zdpadn{ tunelové troubé. Je nutno poznamenat, 7e
se jednd o denni priméry tsekové rychlosti, takZe se samoziejmé
mohou vyskytnout vozidla s podstatné vyssi rychlosti.

Rozdil mezi obdobim, kdy fidi¢i nebyli a byli upozornovéni na
kontrolu rychlosti dopravni znackou, nebyl timto experimentem
prakticky zjistén.

Zavérem lze Tici Ze se prakticky prokdzal vyznamny vliv zafizeni
pro méfen{ isekové rychlosti na sniZeni prumérné rychlosti vozidel
v tunelu, a tim i na zvySeni bezpe¢nosti. To je také duvod, Ze spo-
le¢nost ELTODO EG zpracovala dodatek k TP98, ktery predepisuje
povinnou instalaci pro tunely kategorie TA, lit. [4].

PROF. ING. PAVEL PRIBYL, CSc., pribylp@eltodo.cz ,

ING. PETR ZOBANIK, zobanikp@eltodo.cz, ELTODO EG, a. s.,
DOC. ING. JURAJ SPALEK, Ph.D., ZILINSKA UNIVERZITA -
ELEKTROTECHNICKA FAKULTA, ZILINA
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Obr. 7 Zmény rychlosti iisekové rychlosti dle projektu OPTUN
Fig. 7 Changes in section speeds according to the OPTUN project

Following installation of the message sign speed did not change
very much, as between 25.10.2004 and 7.11.2004 ranged 52,54 —
60,51 km.h™.

From the analyzed results and charts in Fig. 7 it is obvious that varian-
ce of daily average speeds is very low, between 0,5 — 1,2 km.h". In 2003,
average vehicle speed reached app. 76,68 km.h" in the WTT and 77,10
km.h in the ETT. When the drivers were not warned by the message sign
about speed measurement, average speed reached 53227 kmh' in
the WTT and 61,23 km.h"' in the ETT. Once the message sign was instal-
led, speed reached 53,55 km.h" in the WTT and 60,33 km.h" in the ETT.
Speeds in the WTT are bit lower, since the WTT gradient is positive.

CONCLUSION

By means of the OPTUN project it was proved in practice that avera-
ge daily speed in the tunnel drops approximately by 23 km.h! in the East-
ern tunnel tube and by 16 km.h' in the Western tunnel tube after the
installation of equipment for measurement of section speed. It is neces-
sary to point out that these are daily averages of section speed, so there
can definitely be vehicles that travel at much higher speed. There was vir-
tually no difference observed between the phases when drivers were and
were not warned about the measurement of section speed by a message
sign.

As a conclusion, we practically proved substantial impact of the equ-
ipment for measurement of section speed on the reduction of average
vehicle speed in the tunnels and therefore on enhancing safety. This is
also the reason why the company ELTODO EG elaborated an appendix
to TP98, which incorporates obligatory installation in tunnels of the TA
category lit. [4].

PROF. ING. PAVEL PRIBYL, CSc., pribylp@eltodo.cz ,

ING. PETR ZOBANIK, zobanikp@eltodo.cz, ELTODO EG, a. s.,
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ELEKTROTECHNICKA FAKULTA, ZILINA
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HLOUBENI SACHTICE V GIJONU (SPANELSKO)
SHAFT EXCAVATION IN GIJON (SPAIN)

MILAN CERVENY, JAN SEDLACEK

uvob

Spole¢nost VOKD vyhloubila od doby svého vzniku v reviru
OKD velkou fadu vertikdlnich dél od svétlych pruméri 4 m az
do 8,5 m. Celkem vyhloubil podnik VOKD za dobu své ¢innos-
ti pfes 37 km jam, coZ predstavuje témer 2 miliény m? vylomu.

V minulych letech realizovala nase spolecnost VOKD, a. s.,
ve Spanélsku nékolik hloubeni pro spole¢nost HUNOSA, a to na
dolech v Asturii. V roce 2004 se podarilo na$i dcefiné spole¢-
nosti EOSA 2002, S. A. ziskat zakdzku mimo resort hornictvi,
a to na vyhloubeni Sachtice a razbu spojky pro METROTREN
ve mésté Gijénu.

Zamérem bylo vyhloubit jdmu o svétlém praméru 7 m a hloub-
ce 22 m. Staveniste bylo situovano na velmi omezeném prostoru
na parkovisti tésné pred hlavnim nédrazim mésta Gijon.

Pred vlastnim hloubenim bylo nutno eliminovat ndsledujici
skutecnosti:

@ situovéni staveni$té v blizkosti more (Biskajsky zdliv),

® nizkd nadmorskd vyska asi 3,5 m,

@ podlozi v misté stavby je sloZeno z navozl nepevnych

a propustnych materiélt a jilovitych zemin,

]
]

18500

22000

22000

Obr. 1 Schéma hloubené Sachty
Fig. 1 Scheme of the excavated shaft

INTRODUCTION

Since its foundation in the OKD territory, the VOKD compa-
ny excavated a large number of vertical structures with net dia-
meters ranging between 4 m and 8,5 m. Altogether throughout
its activity, the VOKD company excavated more than 37 km of
shafts, which represents in excess of 2 million m® of rock. In the
recent years, our company VOKD, a.s., executed several shaft
sinking contracts for the HUNOSA company in Spain, particu-
larly within mines in the Asturia region. In 2004, our subsidiary
company EOSA 2002, S.A., succeeded in a tender outside the
mining industry, and thus to excavate a shaft and a connection
for METROTREN in the city of Gijon.

The goal was to excavate a shaft with net diameter of 7 m and
depth of 22 m. The construction site was located on a very limi-
ted space in a parking lot near the central train station in the city
of Gijon.

Prior to the own excavation, it was necessary to eliminate the
following factors :

@ construction yard located in the vicinity of sea (the Bay of

Biscay)

@® low altitude of app. 3,5 m a.s.l.

@ underlay at the construction site consists of fills of non-

solid and permeable materials and clayey soils

@ necessity to secure stability of the historical building of the

train station that is very close to the future shaft, as the
picture shows.

SECURING THE CONSTRUCTION SITE
OF THE FUTURE SHAFT

The aforementioned circumstances have led to the need to sta-
bilize the excavation site, including the area around the future
shaft. The Spanish investor commissioned a local specialized
firm to carry out grouting works to reinforce the area of the
future shaft. Based on determined values of mechanical attribu-
tes of the grouted rock, the grouting was carried out by dry sing-
le-component cement-clay mixture, designed for reinforcing
waterproof grouting. Short characteristics of the mixture:

@® is mixed only with water

@ contains elements that compensate for volume changes

@ has optimal processing consistency

@ provides perfect sealing of the permeable layers from water

penetration

@® brings a high level of penetration into fine pores and hair-

thin fractures

@® provides fast stabilisation of the grouted layers

@® has an increased resistance to groundwater

There were two rings of vertical bores realized, each with
40 cm in diameter and 40 cm away from each other. Grouting
pipes of 15 cm in diameter were installed into the bores and
through them the pressure grouting was executed. The first
inner ring was located app. 35 — 75 cm away from edge of the
future shaft while the bores went into depth of 22 m. The second
outer ring was located 40 cm away from the first fan and went
13,5 m deep (see Fig. 1). Such grouted bores were supposed to
protect the excavation from water penetration into the shaft and
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@ nutnost zajisténi stability vlastn{ historické budovy vlako-
vého nddrazi, kterd, jak je vidét z fotografie, je velmi bliz-
ko budouci Sachtice.

ZAJISTENI MISTA BUDOUCI SACHTICE

Vyse uvedené okolnosti vedly k nutnosti stabilizace mista
hloubeni véetné okoli budouci jamy. Spanélsky investor zadal
provedeni injektdZnich praci pro zpevnéni okoli budouci Sachti-
ce zdej$i specializované firmé. Podle stanovenych hodnot
mechanickych vlastnosti injektovanych hornin byla injektdz
provedena suchou jednoslozkovou cementojilovou smeési, urée-
nou pro zpevnujici vodotésnou injektdz. Kréatkd charakteristika
smési:

@® rozmichdva se pouze s vodou,

® obsahuje sloZky kompenzujici objemové zmény,

® mi optimalni konzistenci pro zpracovdni,

® zajistuje dokonalé utésnéni propustnych vrstev vuci pruni-

ku vody,

® vynikd vysokou penetraéni schopnosti do jemnych péru

i vlasovych trhlin,

® zajiStuje nélezité rychlé zpevnéni proinjektovanych vrstev,

® md zvySenou odolnost vaci podzemnim vodam.

Byly provedeny dva prstence vrti o praméru 40 cm vzdéle-
nych 40 cm od sebe. Do vrtu byly instalovany injektdzni trubky
o pruméru 15 cm, pres které se provedla tlakova injektaZz. Prvni
vnitfni prstenec byl situovan ve vzdélenosti asi 35 — 75 cm od
kraje budouci Sachtice a vrty byly provedeny do hloubky 22 m.
Druhy vnéjsi prstenec byl umistén ve vzddlenosti 40 cm od prv-
niho véjite a byl realizovan do hloubky 13,5 m (obr. 1). Takto
provedené zainjektované vrty mély zabezpecit hloubeni pred
proniknutim vody do jamy a zajistit stabilitu hloubené jamy. Ve
vzdélenosti asi 20 m od budouci Sachtice smérem k mofi byl
proveden vrt se zainjektovanou sondou pro méfeni hladiny
spodni vody. Pfed zahdjenim praci na$i firmou bylo provedeno

zausténi na hloubku 1 m véetné Zelezobetonového limce.

ZAHLUBOVACI ZARIZENI KUDLANKA

Vlastni hloubeni Sachtice bylo realizovdno pomoci zahlubo-
vaciho zafizeni KUDLANKA s okovem 2 m> a s vratem H 1200.
Jedna se o patent ing. Petra Brychty, byvalého pracovnika
VOKD, a. s., ktery byl v lonském roce poprvé uplatnén na
zahraniéni stavbé ve Spanélsku. V CR bylo toto zafizeni
naposledy pouzito na zahloubeni jagmy Nové Pole pro Diil CSA
v Karviné v 90. letech minulého stoleti. Rozpojovani hornin tu

Obr. 3 Zahlubovaci zarizeni Kudlanka s vratem
Fig. 3 Shaft sinking equipment “Kudlanka’ with winding machine

Obr. 2 Ctyframenny separdtni vyloznik pro betonds
Fig. 2 Four-arm separate boom for concrete placement

thus secure stability of the excavated shaft. A probe for measu-
rement of groundwater level was grouted in a borehole carried
out approximately 20 m away from the future shaft towards the
sea. Before our company started working, a 1 m deep shaft ope-
ning was realized, including a reinforced concrete collar.

SHAFT SINKING EQUIPMENT KUDLANKA

The excavation of the shaft was realized using the shaft sin-
king equipment KUDLANKA with a skip of 2 m* and winding
machine H 1200. It is a patent of Ing. Petr Brychta, a former
VOKD, a.s., employee, which was deployed the first time abro-
ad in Spain last year. In the Czech Republic, this equipment was
most recently used for construction of the Nové Pole shaft wit-
hin the CSA mine in Karvin4 in the nineties of the 20th century.
Rock breaking was realized here by blasting and KS-3 loaders
were used to remove the muck. Due to uniqueness of this type
of shaft sinking equipment, we shall explore it further.

KUDLANKA consists of a pillar structure, traveling track and
a rope pulley car, as can be observed on a picture (see Fig. 2).
The traveling track, which is held in its position by front brace
from the shaft and rear braces from the other side, has two lock
positions — first for man winding and the second terminal one
for the self-tipping skip. The braces are formed by pillars, sym-
metrically straddling the traveling track in planes perpendicular
to its longitudinal axis. Pillars of the rear braces are in their
central part horizontally connected by a crossbar in shape of the
letter A. Mining equipment is supplemented with a suitable
winding machine, in our case it was the type CKD H 1200 (see
Fig. 3).

The structure is anchored to concrete footings at the excava-
ted collar shaft, and can be installed virtually immediately after
realization of the first shaft excavation round.

The shaft in Gijon was sunk without the use of blasting, using
a universal loader type RETRO (jackhammer, hydraulic loading
shovel), which is a different mechanism than the one applied in
our country as depicted by Fig. 4.

The advantage of the entire equipment is that due to its
dimensions it does not require a lot of space and allows to load
the mined rock directly onto lorries. Another advantage of this
mining equipment is the possibility of variable position of the
winding machine according to specified limited space for the



Obr. 4 Naklada¢ pri hloubeni Sachty
Fig. 4 Loader during shaft excavation

bylo provdadéno pomoci trhaci prace a k naklddédni se pouzivaly
nakladace KS-3. Vzhledem k jedine¢nosti tohoto typu zahlubo-
vaciho zafizeni u néj chvili zistaneme.

KUDLANKA se skldda ze sloupové konstrukce, pojezdové
drdhy a lanovnicového voziku, jak je vidét na fotografii (obr. 2).

Na pojezdové draze, kterd je ve své poloze drZzena od jamy
predni vzpérou a na strané odlehlé je podeprena zadnimi vzpé-
rami, md dvé aretatni polohy — jednu pro jizdu lidi a druhou
koncovou pro samovykldpéni okovu. Vzpéry jsou tvoreny slou-
py soumérné rozkrofenymi v rovindch kolmych k podélné ose
pojezdové drdhy. Zadni vzpéry maji sloupy ve stiedové Cdsti
spojeny vodorovné priénikem do tvaru pismena A. TéZni zarfi-
zeni je doplnéno vhodnym vratem, v naSem prfipadé to byl typ
CKD H 1200 (obr. 3).

Konstrukce je ukotvena na ohlubni hloubené jdmy do betono-
vych patek a muZe byt nasazena prakticky ihned po provedeni
prvni zabirky jamy nebo Sachtice.

Sachtice v Gijénu byla hloubena bez pouZiti trhaci prace uni-
verzalnim naklada¢em typu RETRO (sbijeci kladivo, naklddac{
hydraulickd lopata), tedy s odliSnymi mechanismy nez tomu
bylo u nds, jak je i vidét na obr. 4.

Vyhodou celého zafizeni je, Ze svymi rozméry nezabira velky
prostor a zdroven umoznuje nakldddni vytéZené horniny pfimo
na ndkladni auta. Dal${ vyhodou tohoto t€Zniho zafizeni je moz-
nost variabilniho umisténi téZniho vratu, podle dispozice vyme-
zeného prostoru pro zarizeni stavenisté, a to tak, Ze v prvnim
pripadé lze téZni vrat umistit na stejné strané jamy s Kudlankou,
a druhou moznosti je umisténi vratu a Kudlanky na opa¢nych
strandch jamy. Nejbliz§i vzdélenost t€¢Zniho vratu od Kudlanky
je ddna devianim thlem pro ndbéhovou lanovnici, a proto zde
bylo nutné pouZit déleného bubnu pro navijeni lana o praméru
14 mm.

Vyztuzovani jamy bylo realizovdno litym betonem pfimo
z domichdvadi pomoci betonovaciho Cerpadla se separdtnimi
vylozniky se 4 rameny za ocelovou Sablonu (obr. 2, 5).

Jako vyztuzné prvky se zde umistovaly armovaci pruty a pres
né byla nataZena armovaci sit. Propojeni (provdzani) jednotli-
vych dvoumetrovych zabirek, na poZadavek investora, bylo
zaji§tovdno ocelovymi trubkami o priméru 40 mm a dlouhymi
60 cm, tudiZ s presahem 30 cm do jednotlivych zabirek.

V prabéhu vlastniho hloubeni Sachtice nevznikl Zadny problém
se stabilitou boku vylomu pravé diky injektdzi bezprostfedniho
okoli a taky vcas provddénym betondzim jednotlivych zabirek.
Boky zpevnéné injektdZ{ jsou zfejmé i z obr. 6. RovnéZ nenastal ani
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construction equipment. First, the winding machine can be pla-
ced on the same side of the shaft with Kudlanka. Alternatively,
these can be placed opposite each other. Lowest distance of the
winding machine from Kudlanka is determined by deviation
angle of the head sheave, and therefore a segmented barrel had
to be used for reeling the 14 mm wide cable.

The shaft was supported by concrete, poured behind the steel
formwork directly from truck mixers using a concrete pump
with separate booms with 4 arms (Fig. 2, 5).

As reinforcing elements, reinforcement bars were placed here
and steel mesh mats stretched over them. As per request of the
investor, connection of the separate 2 m rounds was realized
using 40 mm diameter and 60 cm long steel pipes, and thus
exactly with 30 cm overlapping into the individual rounds.

During the course of the shaft sinking, no problems arose in
connection with stability of the shaft sides exactly because of
the grouting of immediate vicinity and also because of early
casting of the lining of the individual rounds. The sides, rein-
forced by grouting, can be seen on Fig. 6. Moreover, there were
not even problems with water. Groundwater level in the probe
ranged around the level of the designed shaft bottom, i.e.
20-22 m.

PROBLEMS WITH WATER

The adequate sealing annulus of grouted boreholes around
the shaft prevented any inflow of water into the excavated
shaft. As the excavation advanced and neared the end of the 22
m long sealing bores, there was an inflow of water from the
bottom at depth of app. 18,5 m, which flooded the shaft to a 1
- 1,5 m high level. The Spanish investor reacted with pumping
of the water and subsequent casting of a concrete slab on the
shaft bottom. Then, the investor still proceeded with supple-
mentary grouting of the excavation bottom, which was reali-
zed once the concrete hardened. Grouting bores for the bottom
and its vicinity were about 1,6 m deep and were bored straight
from the concrete bottom. The grouting works were commissi-
oned to CarboTech, a Spanish-based firm that has ample expe-
rience with the realization of grouting in tunnels, utility tunne-
Is and access shafts.

A similar problem with water penetration into the already
excavated and supported area arose in secondary vertical access

Obr. 5 Usazovdni bednéni
Fig. 5 Formwork setting
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problém s vodou. Hladina spodni vody v sondé se pohybovala na
drovni projektovaného dna Sachtice, tj. na drovni asi 20 — 22 m.

PROBLEMY S VODOU

Dostate¢ny tésnici prstenec kolem Sachtice zabrdnil jakému-
koliv pruniku vody do hloubené jamy. S postupujicim hloube-
nim, kdyZ se jeho dno pribliZilo ke stanieni jejiho zajisténi, tj.
22 m, doslo v hloubce cca 18,5 m k pruvalu vody ze dna hlou-
beni a zatopeni dna $achtice na vy¥ku cca 1 az 1,5 m. Spanélsky
investor zahdjil Cerpdni vody s ndslednou betondZi dna. Po
pocate¢nich problémech se podarilo pfitok vody do hloubeni
zastavit zabetonovdnim dna Sachtice. Poté investor rozhodl
o dodatecné injektdzi dna hloubeni, ke které se pristoupilo po
zatvrdnuti betonu. Vrty pro injektdZ dna a jeho okoli mély
hloubku pfiblizn€ 1,6 m a vrtany byly pfimo ze zabetonovaného
dna.

Injektazi byla povéfena firma CarboTech se sidlem ve Spa-
nélsku, majici bohaté zkuSenosti s injektdzi v tunelech, kolekto-
rech a v pristupovych Sachticich k nim.

Obdobny problém s pronikanim vody do vylomeného a jiz
zajisténého prostoru nastal v pomocnych pristupovych vertikdl-
nich jamach do kolektoru v mésté Avilés, rovnéZ v Asturii. Zde
se v8ak jednalo o prasak vody pres betonové osténi. Pro zadrZe-
ni pronikdn{ vody se uskute¢nila injektdaz trhlin v okol{ rovnéz
lepidlem WILKIT E, lepicim okamZité trhliny v bezprostfedni
blizkosti dna jamy a bezvadné reagujicim v pfitomnosti vody.

Nisledné byla realizovdna sonda nad mistem budouci zardzky
pro razbu. Na zakladé zjiSténych skuteCnosti, Ze ze sondy je
velmi znaény pfitok vody, bylo od razby upusténo.

ZAVER

Z praktického hlediska muzeme v tomto publikovaném pfis-
pévku najit hned nékolik pou¢nych piikladua.

Prvnim je pouceni z nedocenéni vlastnosti zemin &i hornin
v bezprostfedni nebo blizké vzddlenosti vodniho zdroje,
v naSem pripadé more. Plati to zejména pro predpoli hloubené-
ho dila, které nebylo preventivné zajisténo. Uréité po vyhodno-
cenf v8ech pficin prusaku vody do Sachtice ze dna dila bude toto
jeden z duvodu. Jisty je jiz nyni fakt, Ze zaji$téni hloubeni vén-
cem injektdZnich vrtd jen na hloubku projektovaného dila bylo,
ve zdejSich podminkéch a s ohledem na blizkost more, nedosta-
te¢né. Budeme pritomni i dal§imu prub€hu postupu praci a urci-
té zaznamendme i hodnoceni nasSich §panélskych pratel.

Dalsi skutec¢nosti byl fakt potvrzujici chovani lepidla WILKIT
E v pritomnosti vody. Zpeviujici injektdz, i kdyZ v naSem pfi-
padé dodate¢nd, priznivé ovlivnila pevnostni vlastnosti v okoli
dna hloubené Sachtice.

V neposledni fadé se nadi spole¢nosti VOKD, a. s., potvrdily
velmi dobré vlastnosti zahlubovaciho zafizeni Kudlanka
i v zahrani¢i. V poloviné roku 2005 jsme stejnym zpusobem,
avSak jiz s druhou Kudlankou, vyhloubili jagmu o priméru
6 m a hloubce 33 m pro odvodnovaci $tolu u mésta Pontevedra
v Galicii. Toto zafizeni zde pracovalo s okovem tentokrat
0 objemu 1 m® a rovnéZ s t8Znim vratem H 1200. Jeho hlavnim
posldnim na tomto hloubeni byla pouze doprava osob, ndradi
a materidlu na dno hloubeni. TéZba horniny byla provdadéna do
predvrtu o praiméru 2100 mm.

Ocekdvame ziskdni dal$ich zahrani¢nich zkuSenosti a véfime,
Ze se plné osveédEi v8echny vyhody tohoto, pro mnohé jiz zapo-
menutého a pro jiné nezndmého, zarizeni. Vede nds k tomu sku-
te¢nost, Ze jiz nyni mdme dojedndn kontrakt na realizaci dalSich
Etyt Sachtic ve mesté Gijon.

ING. MILAN C‘ERVENY, cerveny@vokd.cz,
ING. JAN SEDLACEK, sedlacek@vokd.cz, VOKD, a. s

Obr. 6 Pohled na zpevnény bok jamy
Fig. 6 View of reinforced side of the shaft

shafts to a utility tunnel in the city of Avilés, also in Asturia.
However, here we dealt with water leaking through the concre-
te lining. In order to stop the water leaks we carried out grouting
of the fractures using a glue WILKIT E, which instantly patches
fractures within immediate vicinity of the shaft bottom and per-
forms well when exposed to water.

Subsequently, a probe was realized above the future shaft sin-
king site. Based on the learned fact that there was a substantial
inflow of water from the probe, the excavation was abandoned.

CONCLUSION

From the practical point of view, we can find several instruc-
tive lessons in this published paper.

The first is a lesson of underestimation of the properties of
rock or soils within close vicinity of a water source, a sea in
our case. That especially concerns the front zone of the exca-
vated structure, which was insufficiently supported. When the
all causes of water leaks from the shaft bottom are evaluated,
this will surely be among them. Nonetheless, it is already clear
that, considering the local conditions and sea vicinity, suppor-
ting the excavation by a ring of grouted boreholes only to the
depth of the designed structure was insufficient. We will
observe the further procedure of works and surely reflect on
evaluation of our Spanish friends. Another lesson was the con-
firmation of properties of the WILKIT E glue when exposed to
water. Reinforcing grouting, although adequate in our case,
positively influenced strength-related properties around the
shaft bottom.

Last but not least, our company VOKD, a.s., confirmed the
very good performance of the shaft sinking equipment Kudlan-
ka abroad as well. Currently, we have another shaft sinking set
produced and installed for excavation of 6 m wide shaft into
a draining gallery near the city of Pontevedra in Galicia. This
equipment already operates with a 1m3 skip and the same win-
ding machine H 1200. At this project, its main mission is man
winding and lowering of tools and material to the shaft bottom.
The shaft is sunk using a pre-bored hole with diameter of 2100
mm, which the muck is disposed in.

We are expecting further foreign experience in this field and
believe that all advantages of this equipment will be fully explo-
ited. In this we are supported by the fact that we have already
won a contract for 4 more shafts in the city of Gijon.

ING. MILAN CERVENY, cerveny@vokd.cz,
ING. JAN SEDLACEK, sedlacek@vokd.cz, VOKD, a. s
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GEOTECHNICKY MONITORING PRI STAVBE
TUNELU VALIK U PLZNE

GEOTECHNICAL MONITORING AT THE VALIK TUNNEL
CONSTRUCTION NEAR PLZEN

RADEK BERNARD

uvobD

Razba tunelu Valik, pod vrchem Val mezi obcemi Cernice a Utusice, je
soucdsti stavby 510/1B ddlnice D5 Praha — Rozvadov v rdmci ddlni¢niho
obchvatu mésta Plzné. Investorem stavby je Reditelstvi silnic a délnic CR
Praha (ddle RSD). Zhotovitelem stavebnich praci je Metrostav a. s. Spo-
lecnost SG-Geotechnika, a. s., zajiStuje pro objednatele kompletni geo-
technicky monitoring pfi razbé zminéného tunelu. V rdmci kanceldre geo-
monitoringu je SG-Geotechnika, a. s., ve sdruZeni se spolecnosti Inset,
s.T. 0., kterd provadi zhruba 8 % projektovanych méreni. Budouci ddlnic-
ni tunely jsou dlouhé 390 m, resp. 380 m (razend ¢4st 330 m) a jsou tvo-
feny dvéma samostatnymi tunelovymi tubusy, Sirokymi necelych 12
m a vysokymi 8,2 m (definitivni ostén{). Maximaélni podéIny sklon je 4 %
s klesdnim k zdpadu. Obé tunelové trouby jsou situovdny v tésném sou-
sedstvi vedle sebe bez horninového pilite. Jsou oddélené strednim Zelezo-
betonovym pilifem vybudovanym s predstihem, coZ vyrazné zmensilo
(zde tolik diskutovany) rozsah trvalych zdbort na povrchu dotéeného
tzemi. Tunely jsou raZzeny podle zdsad Nové rakouské tunelovaci metody
(NRTM).

ZASTIZENA GEOLOGIE PRI RAZBE TUNELU

Razba tunelu probihd v proterozoickych sedimentech, slabé metamor-
fovanych hornindch blovicko-tepelské série. Jednd se o proterozoické
bridlice prevazné Sedohnédé barvy, ve stiedni ¢asti razeb mirné prokfe-
menélé, které jsou misty doplnény rtizné mocnymi Cernofedymi grafitic-
kymi bridlicemi. Bfidlice jsou zvétralé aZ silné zvétralé, na puklindch pre-
vazné limonitizované. Tektonické porusent je silné, bidlice jsou rozpuka-
né, misty intenzivné.

V masivu se objevuje nékolik Zilnych struktur, které maji mocnost od
nékolika decimetrt aZ do desitek metrt. Piedevsim se zde vyskytuje
navétraly az silné zvétraly Sedobézovy porfyrit a rizné zvétraly metaba-
zalt (spilit), prevdzné Sedozelené barvy.

Z hydrogeologického hlediska na zdkladé vysledki prizkumu Ize kon-
statovat, Ze razba tunelil probiha prevdzné v suchém horninovém prostie-
di. Prozatim byly dokumentovény pouze misty slabé prusaky podzemnich
vod ve spodni klenbé jednotlivych ¢dsti tunelu. Tektonické poruchy ani
Zilné struktury nejsou zdrojem podzemni vody.

Na zdkladé vysledkli podrobného inZenyrskogeologického prizkumu
a expertizy objednané RSD byla na razbu tunelu stanovena jedna zdklad-
ni technologicka tiida hornin dle NRTM, a to Sa, kterd byla rozdélena do
jednotlivych podtiid Sal, 5all a 5 alll, kde 5al byla vyuZita v nejprizni-
véjsich geologickych podminkdch a 5alll v téch nejhorsich. Na tyto tech-
nologické tfidy byl navrZen i komplexni geotechnicky monitoring, ktery
je hlavni néplni tohoto ¢lanku.

STRUCNY POSTUP A POPIS PRACI

Préce v terénu zapocaly hloubenim zdpadniho, rozvadovského portdlu
v listopadu roku 2003. Jesté pred razbami byly v dnoru 2004 v hornino-
vém masivu, tésné pred portdlem, provedeny prukazni zkousky sanace
podlozi stfedniho pilife, které jednoznacné prokazaly nevhodnost projek-
tem puvodné navrzené sanace injektazemi z duvodu hojného zajilovan{
puklin a tektonickych poruch. Proto byla generdlnim projektantem prove-
dena zména na zajisténi podloZi stredniho pilife pomoci véjitfovité situo-
vanych Sestimetrovych mikropilot vzddlenych 1 m od sebe v podélném
sméru.

Samotnd razba tunelu byla zahdjena raZbou stiedniho tunelu 1. 3. 2004
z jiz zminéného rozvadovského portdlu. Tato ¢dst, kterd byla vyprojekto-
véna predevsim z duvodu betondZe stiedniho pilife a zdrover je jiZ sou-
¢asti dilétho déleni razené severni a jizni tunelové trouby (STT a JTT),

INTRODUCTION

The excavation of the Valik tunnel between the villages of Cernice and Utusi-
ce is part of the construction lot 510/1B of the DS highway from Prague to Roz-
vadov, built in the framework of its route bypassing the city of Plzen. The owner
of the project, the Directorate of Roads and Motorways of the CR Prague (DRM)
awarded the construction contract to Metrostav a.s., for which our company, SG-
Geotechnika, a.s., provides complete geotechnical monitoring services in the
course of the tunnel excavation. The geomonitoring “office” is formed by a group
consisting of two firms, us and Inset s.r.o., which carries out about 8% of the
designed measurements. The future highway tunnel tubes are 390m and 380m
long respectively (mined section 330m). The tunnel tubes are nearly 12m wide
and 8.2m high (the final lining). Maximum longitudinal gradient is of 4%, down-
hill westward. The two tunnel tubes are situated close to each other, without a
rock pillar in between. They are separated by a central concrete pillar built in
advance. This configuration allowed reduction of the total plan area of permanent
works, so much disputed in this location. The tunnels are excavated using the
New Austrian Tunnelling Method (NATM).

GEOLOGY ENCOUNTERED DURING THE TUNNEL EXCAVATION

The tunnels are driven through Proterozoic sediments, i.e. slightly metamorp-
hosed rock of the Blovice-Teplice series. The Proterozoic schists are mostly of
grey-brown colour, slightly quartziferous in the central part, locally complemen-
ted by black-grey graphitic schists. The schists are weathered to heavily weathe-
red, with mostly limonitised joint planes. The faulting is of a high degree; the
schists are fissured, locally intensively.

Several vein structures exist in the massif, with the thickness ranging from
several decimetres to tens of metres. Slightly weathered to heavily weathered
grey-beige porphyrite and mostly grey-green metabasalt (spilite) with varying
degree of weathering prevail.

From the hydrological point of view, it can be stated on the basis of the results
of the survey that the excavation of the tunnel tubes is carried out mostly in a dry
rock environment. Up to now, only local low intensity groundwater seepage has
been documented in the bottom of the individual parts of the tunnel. Neither the
faulting nor the vein structures are sources of ground water.

Based on the detailed geological survey and an expert opinion ordered by the
DRM, a single basic technological rock class was specified for the tunnel exca-
vation, i.e. the NATM class 5a. This class was sub-divided into individual sub-
classes 5al, Sall and Salll, where the Sal was applied to the most favourable geo-
logical conditions, and the 5all to the worst conditions. The comprehensive geo-
technical monitoring, which is the main topic of this paper, was designed to suit
the above-mentioned technological classes.

BRIEFLY ON THE WORKS PROGRESS AND PROCEDURE

The works on site started in November 2003 by the excavation for the construc-
tion of the west (Rozvadov) portal. Prior to the excavation, in February 2004, pre-
construction testing of the results of strengthening of the base of the central pillar
was carried out in the rock massif, immediately before the portal. The tests proved
explicitly that the originally proposed improvement method by grouting was
improper with respect to extensive faulting and filling of fissures with clay. For that
reason the general designer changed the central pillar’s base strengthening system
to fans of 6m-long micropiles installed 1m apart in the longitudinal direction. The
tunnel excavation operations started on 1 March 2004 by driving the central tunnel,
from the above-mentioned Rozvadov portal. The excavation of this part, which was
designed mainly to allow the casting of the central pillar (and is also one of the
sequences of the northern and southern tunnel tubes, the NTT and STT), was finis-
hed at the end of July 2004, in a one-month advance. The casting of the central pil-
lar started in September 2004, with the aim of allowing the excavation of the main
tunnel tubes to start at the beginning of October. The central pillar casing was finis-
hed in the last decade of January 2005, thus the requirements of the design for the
further tunnel excavation were met.
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byla vyrazena s mési¢nim predstihem na konci éervence 2004. V zafi roku
2004 byla zahdjena betondZ stredniho pilife, tak aby mohla byt za¢dtkem
Fijna plné realizovédna raZba hlavnich tunelu. BetonaZ stfedniho pilife byla
dokoncena v posledni dekddé ledna 2005, coz spliovalo pozadavky pro-
jektové dokumentace na dali raZbu tuneld.

Z uvedeného obr. 1 je zfejmé, Ze projektovany postup raZeb je na popi-
sované stavbé Clenén kombinovanym zpusobem, pfi¢emZ pievazuje
méné Casté a na Cas ndro¢néj§i vertikdlni Clenéni. Tento zpusob byl
vyprojektovan z duvodu sloZité geologie, zjisténé pri razbé prizkumné
Stoly v roce 2002 a z divodu minimdlni mocnosti nadloZ{ nad tunely,
které se v celé délce stavby pohybuje v rozpéti od 5 do 12 m. Dalsi fak-
tor, ktery hovofil o bezpe¢néjsi metodé dil¢ich vyrubu, je Sitka ¢i vyska
tunelll, jeZ &inf az 16 m, resp. 12 m (primérni osténi). Uvodni &dst viech
délenych vyrubu prochdzela pod 18 m dlouhym mikropilotovym destni-
kem vrtanym ve dvou faddch z rozvadovského portdlu. Obdobné bylo
provedeno zajisténi konce razeb pred prordzkami na prazsky portél
(vychodni). Po pruchodu razby stiedniho tunelu (cca 50 m2) pod zminé-
nym zajisténim mikropiloty zhotovitel provadel razbu na dvé ¢dsti kalo-
ty s mirnym predstihem levé Cdsti (ve smeéru razeb). Po vyhodnoceni
viech dostupnych méfeni v tivodni &ésti razby (v cca 30 tunelovych met-
rech = TM) a dle IG dokumentace rozhodli ¢lenové RAMO na navrh
kanceldte GTM o razbé kaloty na plny profil. Toto rozhodnuti se nako-
nec ukdzalo jako velice pfiznivé, jelikoZ zbyly usek stfedniho tunelu byl
vyraZen timto zpusobem, ¢imZ se docililo nemalych finanénich a Caso-
vych tspor. Dno neboli spodni klenba stf. tunelu byla uzavirdna vzdy po
6 az 7 ocelovych ramech BTX.

Vcelku priznivé podminky razby stfedniho tunelu se projevily i na cel-
kovém zattidéni dle technologické tfidy NRTM. V nejméné priznivé tiidé
NRTM 5alll bylo z celkového objemu razeb zatfidéno pouze 11,8 %, ve
tridé Sall bylo provedeno 22,5 % razeb a v nejpiiznivejsi tiidé NRTM Sal
bylo vyrazeno plnych 65,7 % stfedniho tunelu. Pfi razbé stiedniho tunelu
byly dokumentovany jen minimélni nadvylomy, které byly z prevazné vét-
Siny specifikovdny jako nezavinéné, jelikoZ byly zapfi¢inény zpravidla
tektonickym postizenim ¢i silnym rozpukdnim horninového masivu. Tato
prizniva skuteCnost se neodekdvala, jelikoZ razba prazkumné Stoly zazna-
menala procentudlné znacné vétsi nadvylomy z raZeného profilu cca
15 m?. OvSem ukézalo se, 7e zminénd pruzkumnd $tola, umisténa v profi-
lu stfedniho tunelu, méla velmi piiznivy vliv na jeho razbu, jelikoZ puso-
bila jako kotva zajistujici stabilitu ¢elby. Na minimdln{ zjisténé nadvylo-
my Vv této &dsti stavby melo velky vliv i to, Ze asi 2/3 délky stredniho tune-
lu (ve stfedné pevnych hornindch) zhotovitel razil tunelbagry — tedy za
pomoci beztrhavinového rozpojovéni, ¢imz nedochdzelo k takovému roz-
volnéni okolniho horninového masivu. Dal§im priznivym faktorem pfi
razbdch tunelu bylo to, Ze od roku 2003 byl v lokalité zaznamenan trvaly
srazkovy deficit, coz mélo za pri¢inu pokles hladiny podzemnich vod
(aZ 034 m).
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Obr. 1 Postup diléich raZeb tunelu
Fig. 1 Sequence of partial tunnel headings

It is obvious from the Fig. 1 that the designed excavation sequence is combined,
with the less frequent and more time consuming vertical division of the face pre-
vailing. This procedure was designed because of the difficult geology identified
during the driving of an exploration gallery in 2002, and with respect to the shal-
low tunnel cover varying from 5m to 12m along the tunnel length. Another factor
contributing to the decision to adopt the safer excavation sequence is the width or
height of the tunnel tubes, amounting to 16m and 12m respectively (the primary
lining). The initial section of all sequential excavation workplaces passed under an
18m long double-row canopy tube pre-support drilled from the Rozvadov portal.
Similar pre-support system was implemented at the end of the excavations, befo-
re the breakthroughs to the Prague (eastern) portal. Once the central tunnel exca-
vation (approximately 50m? had passed under the above-mentioned canopy, the
contractor divided the top heading excavation into two sequences, with the left part
(viewed in the direction of excavation) kept in a slight advance. After assessing all
available measurements carried out in the initial section of the excavation, at tun-
nel chainage (TCH) of about 30m, and according to the geological documentati-
on, the Monitoring Board (MOBO) members decided, at the proposal of the geo-
technical monitoring team, to start full-face excavation of the top heading. This
decision proved eventually to be very suitable. The entire remaining section of the
central tunnel was successfully excavated using this procedure, which meant the
achievement of reasonable financial and time-related savings. The bottom (invert)
of the central tunnel was closed after installation of 6 to 7 BTX lattice girders.

The rather favourable conditions of the central tunnel excavation also positi-
vely affected the overall NATM classification. Only 11.8% of the total excavati-
on volume was classified as the least favourable NATM class Salll; 22.5% of the
excavation was carried out in class 5all, and the most favourable NATM class 5al
was attributed to 65.7% of the central tunnel excavation volume. Only minimal
overbreaks were documented in the course of the central tunnel excavation. These
were mostly specified as accidental occurrences because their reasons were usu-
ally found in faulting or intense fracturing of the rock massif. This favourable
state was not expected because of the fact that the preceding excavation of the
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Obr. 3 Zahdjeni raZby pro stredni pilir tunelu
Fig. 3 Starting the excavation of the central tunnel

GEOTECHNICKY MONITORING (GTM) NA STAVBE TUNELU VALIK

DuleZitym cilem geomonitoringu je prubézné ovérovani shody predpo-
kladii projektu stavby se skutecnosti a ziskavani podkladi pro zatfidovani
vyrubu do technologickych tfid NRTM. Na zdkladé okamzitého vyhodno-
covéni vysledku je operativné upresfiovan postup razeni a stupen vystro-
jeni vyrubu podle skute¢né zastizenych geologickych poméru na Celbé
tunelu. Na spravném, presném a v¢asném vyhodnoceni geomonitoringu
z4visi nejen kvalita vystavby, ale i bezpe¢nost a ekonomika razby tunelu.
Geotechnickd méfeni v prubéhu razeb rovnéz poskytuji vérohodné ddaje
k prubézné korekci dimenzovani primdrni i sekunddrni obezdivky ve
smyslu zdsad NRTM. V neposledni fadé je cilem komplexniho vyctu
méfeni v rdmci geomonitoringu také ovéreni spravnosti vstupnich dat,
charakterizujicich horninovy masiv, do vypocetnich schémat pro dimen-
zovani tunelovych osténi a celkové posouzeni spravnosti pouZitého geo-
mechanického modelu pfi vystavbé.

Geotechnicky monitoring na stavbé tunelu Valik pozustévé z projekto-
vanych méfeni, preddvani ziskanych dat d¢astnikum stavby, jejich archi-
vace a prubézného vyhodnocovani. Na zafizeni stavenisté je zfizena kan-
celdr, jejiz ¢innost probihd nepretrzité jako v piipadé zhotovitele razeb.
Tato sluzba spadd pod statutdrni orgdn zfizeny v ramci stavby — Rada
monitoringu (RAMO), kterd pracuje ve sloZeni jednotlivych zédstupcu
stavby (investor, technicky dozor stavby, projektant, vedouci GTM
a zastupce zhotovitele). Zaseddni RAMO probihd vétSinou v tydennim
cyklu pifmo na zafizen{ staveniSté. Jednou mési¢né se schazi rozsifend
Rada monitoringu s pfizvanymi experty.

Niéplni geomonitoringu na stavbe tunelu Valik jsou tato méfent a sledovani:
1. inzenyrskogeologické sledovani celby
2. méfeni deformaci svaht hloubenych portdlovych dseka
3. konvergen¢ni méfeni v tunelech
4. méfeni poklesu povrchu terénu (pri¢nd poklesova kotlina a podélnd
vlna)
5. extenzometrickd méreni ve vrtech z povrchu
6. inklinometrickd méfeni
7. méfen{ napéti tenzometry na kontaktu hornina — primérn{ ostén{
8. méreni napéti pomoci tl. bunék v primdrnim osténi stf. pilife
a v Zelezobetonovém strednim pilifi
9. kontrolni seismické méfeni G¢inkd trhacich praci na okolni
prostredi
10. méfeni skute¢ného tvaru vyrubu, primédrniho osténi, sekundarniho
osténi
11. kontrolni méfeni pevnosti betonu Schmidtovym kladivem
12. kontrolni méfeni sil ve svornicich a kotvéach
13. komplexni sledovani chatové osady Amerika (pasportizace)
14. méfeni napéti deformetry v sekunddrnim osténi
15. komplexni zpracovani monitoringu (vypracovani zprav)

Pro ucely komplexniho vyhodnoceni interakce horninového masivu
s osténim tunelu jsou navrZend méfeni soustiedéna do tfi sdruZenych pro-
fila. V téchto profilech probihaji konvergenéni méfeni, extenzometrické
méfeni, méfeni napéti v primdrnim osténi, meteni napéti na kontaktu mezi
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exploration gallery recorded significantly higher percentage of overbreaks in the
excavated cross-section (about 15m?). The above-mentioned exploration gallery,
positioned in the profile of the central tunnel, proved to have a favourable influ-
ence on the excavation owing to its effect comparable to an excavation face
stabilising anchor. The minimum of overbreaks experienced in this part of the
construction were also achieved thanks to the fact that approximately 2/3 of the
central tunnel’s length were driven using tunnel excavators (in medium strong
rock), without drill-and-blast activities, thus without significant loosening of the
surrounding rock mass. Another favourite factor affecting the excavation operati-
ons was the fact that a permanent precipitation deficit has been recorded in the
given location since 2003, resulting in lowered water table (by up to 3 — 4m).

GEOTECHNICAL MONITORING (GTM)
AT THE VALIK TUNNEL CONSTRUCTION

The important objective of geomonitoring is continual verification of compli-
ance with the tunnel design assumptions with the reality, and obtaining data requ-
ired for putting the excavation into NATM technological classes. The excavation
advance and the excavation support degree are operatively adjusted according to
the conditions actually encountered at the excavation face, based on immediate
interpretation of the monitoring results. At last but not least, the objective of the
comprehensive set of geomonitoring measurements is also to verify the rock mass
characteristics data entering the calculation schemes used for structural analyses
of tunnel liners, and to assess overall correctness of the geomechanical model
applied to the construction.

Geotechnical monitoring at the Valik tunnel construction consists of designed
measurements, their filing and continual interpretation. An office operates on site.
Its round-the-clock activities follow the contractor’s roster. This service reports to
the statutory body established on the site, i.e. the Monitoring Board (MOBO),
comprising individual representatives of the parties to the project (the client, cli-
ent’s supervision, designer, chief of the GTM, and contractor). The MOBO holds
usually weekly meetings directly on site. An extended Monitoring Board meets
monthly with invited experts.

The geomonitoring system applied on the Valik tunnel site consists of the fol-
lowing measurements and observations:
1. engineering geological monitoring of the excavation face
2. measurement of deformations of the slopes of the cut-and-cover portal sections
3. convergence measurements in the tunnels
4. measurement of the ground surface subsidence (the settlement trough and
the longitudinal wave)
5. extensometer measurements in boreholes carried out from the surface
6. inclinometer measurements
7. strain gauging at the contact of rock and the primary liner
8. measurement of stresses using pressure cells embedded in the primary
lining of the central pillar and in the reinforced concrete central pillar
9. check seismic measurement of effects of blasting operations on the tunnel
neighbourhood
10. measurement of actual geometry of the excavated opening, primary liner
and secondary liner
11. Schmidt hammer rebound testing - concrete strength checks
12. check measurement of forces in rock bolts and anchors
13. comprehensive observation of the Amerika summer cottage settlement (a
condition survey)
14. the secondary liner strain gauging
15. comprehensive processing of the monitoring (reporting)

The designed measurements are centralised to 3 combined monitoring stations
to satisfy the requirements of the comprehensive assessment of the interaction
between the rock mass and the tunnel liner. Convergence measurements, exten-
someter measurements, measurement of stresses in the primary liner, measure-
ment of stresses at the contact of the primary liner and rock mass, and measure-
ment of deformations of the ground surface are carried out at these stations. To
make unambiguous identification of individual measurements possible, a code is
used containing information on the measurement type, the structure (profile) and
marking of the measured point.

Further I will briefly describe the methods of the most important types of mea-
surements carried out on the given construction site.

The main task of the EG monitoring during tunnel excavation is every day to
provide important information on rock quality related to the tunnelling work,
using geological documentation of excavation faces, and to assign NATM tech-
nological classes to the rock mass. Inseparable part of this supervision is a com-
prehensive set of progress photographs and documentation of rock types of the
cut-and-cover portals with determination of rock categories in terms of workabi-
lity according to CSN 73 3050 “Earthwork”. Immediately after completion of the
geological documentation of the excavation face, the rock mass classification is
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primdrnim osténim a horninovym masivem a méfen{ deformaci povrchu
terénu. Za ucelem jednozna¢né identifikace jednotlivych méfeni je pouzit
k6d obsahujici informaci o druhu méfeni, objektu (profilu) a oznaceni
bodu méfeni.

Dile stru¢né popisi zpasob téch nejdulezitéjsich druh méfeni na popi-
sované stavbe.

Hlavnim idkolem IG sledovani pii raZeni tunelu je denné poskytovat
dulezité informace o kvalité horniny z hlediska tunelovani prostrednictvim
geologické dokumentace &eleb a zatfidovani horniny do technologickych
trid NRTM. Nedilnou soucdsti tohoto dozoru je komplexni fotodokumen-
tace a dokumentace hornin hloubenych portédla se zati{dénim hornin do
tifd tézitelnosti dle CSN 73 30 50 ,,Zemni préce”. Bezprostiedné po pro-
vedeni geologické dokumentace Celby vyrubu je provedena klasifikace
horninového masivu dle QTS (Tesar) a RMR (Bieniawski) a vyrub je zara-
zen do technologickych tfid NRTM. Na zédkladé zarazeni do technologic-
kych tiid NRTM je stanovena tiida vystrojeni a délka zdbéru. Po vyhod-
noceni dokumentace jednotlivych Celeb a s prihlédnutim k ostatnim
vysledkim geomonitoringu se kazdy tyden provadi prognéza zmén geolo-
gickych poméra rozhodnych pro dalii technologii razby, a to pro tsek
0 délce asi 1 az 2 pruméry tunelové trouby.

Konvergenénim mérenim (KVG) jsou sledovany posuny stabilizova-
nych bodu na primdrnim osténi tunelu. Urovany jsou absolutni polohové
zmény téchto boda v trojrozmérnych souradnicich. KVG méfent je prova-
déno optickymi automatickymi stanicemi TCA 2003 firmy Leica. Osaze-
ni bodd do zhotoveného osténi tunelu probihd co nejdfive po vyrubdn{
horniny, tak aby byl zachycen maximdln{ prabéh deformace. Vzhledem
k vertikdlnimu ¢lenéni dil¢ich raZeb jsou konvergenéni body osazovany
postupné.

Podobnym zpasobem je provddéno i geodetické méreni hloubenych
aseku, s tim rozdilem, Ze probihd na povrchu na obou portdlech. Méfeni
deformaci svaht hloubenych tseku je rovnéZ méfeni absolutnich zmén
prostorové polohy bodu, osazenych na svazich a portdlovych sténdch,
které slouzi k ovéfeni stability jednotlivych stén v hloubenych usecich
tunelu.

Méreni poklesu povrchu tizemi nad raZenym tunelem je provddéno
metodou geometrické nivelace ze stfedu na zadanych stabilizovanych
bodech. Nivelaéni méfeni povrchu terénu je uspofdddno do sdruZenych
profilt 1,2, 3, a do podélného profilu.

Extenzometricka méreni slouzi k méfeni absolutnich vertikélnich posu-
nd horninového masivu v horninovém prostredi podél vrtd v tésném okol{
vyrubu. K extenzometrickym méfenim slouZi tyCové extenzometry, které
byly osazeny ve sdruZenych profilech do monitorovacich vrtd o pruméru
76 mm, vrtanych z povrchu terénu. Paty vSech 7 extenzovrti v kazdém sdru-
Zeném profilu kopiruji obrys obou tuneld. Byly v pfedstihu navrtany nad
projektovany prurez horni klenby tunelt.

V tésném okoli sdruZenych profili jsou situovdny tfi dvojice inklinome-
trickych vrtu pro sledovani prostorovych pohybu osy vrtu. Inklinometrické
vrty jsou vrtdny rovnéZ z povrchu terénu a zasahuji do hloubky az 30 m, tj.
pod spodni klenbu tuneli. Metoda spolehlivé uréuje hloubku, rychlost a smér
pohybu zmérené deformace v horninovém masivu.

Pro ureni napéti v primarnim osténi tunelu slouzi strunové defor-
metry. Strunové deformetry jsou instalovény na prihradovou vyztuz po
provedeni kazdé dil¢i Celby, pred aplikaci stifkaného betonu primérniho
osténi. Z projektovanych pozic jsou od deformetri svedeny kabely v chra-
ni¢kdch do svorkovnice v dobre pristupném misté, kde je provddén ode-
Cet. Zmétené deformace jsou prepocteny na hodnoty napéti, na zdkladé
znalosti modulu pruznosti betonu primarniho osténi. Posuzovéni a rozbor
naméfenych hodnot jsou provdadény komplexné ve vazbé na vSechna pro-
vedend méfeni a na skute¢né zastizené geotechnické podminky predevsim
v misté sdruZenych profil.

Vsechny vyse popsané druhy méfeni jsou pravidelné ukldddny v kance-
14fi GTM na internetovy on-line server Barab®, kam majf pifstup vSichni
najmenovén{ zdstupci stavby v&etné jiz zminovanych experti. Uvedeny
systém je niZe popsdn v samostatné kapitole.

Velice duleZitou ndplni kanceldfe GTM je vyhodnocovani jednotli-
vych druht méreni ve vztahu k uréenym varovnym stavam. Kritéria
varovnych stava byla pred zahdjenim stavby nastavena projektantem dle
statického vypoltu z parametrl zjiSténych pfi razbé pruzkumné Stoly.
Uprestiuji se béhem stavby na pravidelnych tydennich hodnocenich
vysledka méfeni (RAMO), a to v zdvislosti na ristu poznatkl o chovan{
podzemni konstrukce v danych geologickych podminkdch. Mimo to se
v prubéhu raZeb provedl aktualizovany staticky vypocet na noveé zjisténé
podminky, a hodnoty varovnych stavu se tak dodate¢né upresnily. Nastave-
n{ varovnych stavii na stavbé tunelu Valik je ziejmé z uvedené tabulky 1

carried out using the QTS method proposed by Tesar and the RMR method
according to Bienawski, and the excavation is assigned the NATM excavation
classes. The support class and round length are determined on the basis of the
NATM technological classes. Once the documentation of individual headings has
been interpreted and the results of geomonitoring have been taken into conside-
ration, a prognosis of changes in geological conditions significant for the further
technology of excavation is developed (once in a week) for a section length of
about 1 to 2 times the tunnel diameter.

Displacements of targets stabilised in the primary lining of the tunnel are moni-
tored by means of convergence (CVG) measurements. Absolute values of the posi-
tion changes are determined by 3D coordinates. The CVG measurement is carried
out using optical automatic stations Leica TCA 2003. The installation of the tar-
gets to the lining is carried as soon as possible after the rock excavation so that the
maximum portion of development of deformation is recorded. With respect to the
vertical excavation sequence, the convergence points are installed stepwise.

A similar procedure is used for surveying of the cut-and-cover portal sections,
which is carried out on the ground surface. The measurement of deformation of
slopes of the cut-and-cover sections also consists of the measurement of absolu-
te changes in the spatial (3d) position of the points installed on the slopes and on
the portal walls. This measurement is used for verification of stability of indivi-
dual walls in the cut-and-cover section of the tunnel.

The measurement of subsidence of the ground surface above the mined tunnel
is carried out by the method of direct levelling from the centre carried out on deter-
mined stabilised points. The levelling of the ground surface is arranged in three
combined monitoring profiles # 1,2, 3 and one longitudinal monitoring profile.

The extensometer measurements are used for measuring absolute vertical dis-
placements of the rock mass in the rock environment along the boreholes. The
extensometer measurements are carried out with rod-type borehole extensome-
ters produced by SG Geotechnika itself. They were installed at the combined pro-
files into monitoring boreholes 76mm in diameter, bored from the surface. The
bases of all 7 extensometer boreholes in each combined profile copy the outlines
of the tunnel tubes. They were drilled in advance above the designed cross secti-
on of the tunnel vaults.

In the close vicinity to the above-mentioned combined profiles there are also 3
pairs of inclinometer boreholes for monitoring of horizontal displacements of the
borehole axis. The inclinometer boreholes are also carried out from the surface.
They reach to a depth up to 30m, i.e. under the tunnel invert. The method reliab-
ly determines the depth, velocity and direction of the deformation movement in
the rock massif.

Stresses in the primary lining of the tunnel tubes are determined with vibrating-
wire strain gauges. The strain gauges are fixed to the lattice girders after comple-
tion of each partial face, before the application of primary lining shotcrete. The
cables leading from the designed positions through plastic ducts are connected to
a terminal board installed at a well accessible point where the reading is carried
out. The measured deformations are transformed to stress values on the basis of
knowledge of the modulus of elasticity of primary lining concrete. The assess-
ment and interpretation of the measured values is performed in a comprehensive
manner, in context with the all completed measurements and the actually encoun-
tered geotechnical conditions above all in the locations of the combined profiles.

The results of all of types of measurements are regularly filed in the GTM offi-
ce on an Internet on-line server Barab, which is available to all authorised repre-
sentatives of the project management, including experts. The above-mentioned
system is described in a separate paragraph below.

A very important activity performed by the GTM office is interpretation of
individual types of measurement relative to the specified trigger levels. These
trigger levels were set by the designer before the beginning of the construction

Obr. 4 Pohled na razbu bocnich tunelu STT a JTT a Zelezobetonovy pilii
Fig. 4 Excavation of the NTT and STT and the central pillar
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s tim, Ze hodnota ,,A“ je na kazdy jednotlivy druh méfeni uréena vyse works according to the structural analysis using parameters determined during the
popsanym statickym vypoctem v PD RDS. Ve vazbé na hodnoceni excavation of an exploration gallery. They are refined in the course of constructi-
vysledkd méfeni a na varovné stavy jsou prubéZné piijimdna opatfen{ on, at regular weekly meetings of the MOBO (the Monitoring Board) assessing
tykajici se: the results of monitoring, depending on growing knowledge of the behaviour of
@ méfeni a vyhodnocovdni geomonitoringu (Cetnost méfeni, tpravy the underground structure in the given geological conditions. In addition, an
v typech méfeni, rychlost a zplsob vyhodnocovéni vysledki); updated structural analysis was elaborated, which is accommodated to the newly
@ pohotovostniho reZimu (sméru a rychlosti informaci a rozhodovaciho identified conditions, and the values of the trigger levels were additionally adjus-
procesu); ted. The setting of the trigger levels at the Valik tunnel site is shown in Table 1,
@ tprav technologie razby a vyztuZovéni osténi (dle RDS), bezpe¢nos- where the value “A” is determined by the above-mentioned structural analysis for
ti price a jejf organizace (dle havarijniho plénu stavby). each particular type of measurement described by the detailed design. In the con-
text of the assessment of the measurement results and the trigger levels, measu-

ON-LINE SYSTEM BARAB res are adopted on an ongoing basis concerning:

@ the measurements and assessment of the geomonitoring results (frequency
of measurements, modifications of the measurement types, velocity and the
method of interpretation of the results)

@ cmergency regime (direction and speed of the information flow and the
decision-making process)

@ modifications of the excavation technique and excavation support (accor-
ding to the detailed design), safety at work and the works organisation
(according to the emergency plan of the project)

Je to databdzovy systém, ktery slouZi ke sbéru, prezentaci a archivaci
dat ziskanych v rdmci geomonitoringu podzemnich staveb vyvinuty spo-
le¢nosti SG-Geotechnika. Utelem tohoto on-line systému bylo zjednodu-
Sit piistup dCastnikam jednotlivych staveb k poZadovanym datim ¢i méfe-
nim. Najmenovan{ zdstupci staveb dostdvaji svd hesla, pomoci nichZ se po
zaregistrovani pripojuji po internetu odkudkoliv na zminovany server.
V ném jsou denné ukldddny aktualizované vysledky méreni ¢i protokoly.
Pro pracovniky kanceldfe monitoringu tak odpadlo zasilani vysledku
méfeni pomoci e-maill jednotlivym d¢astnikim staveb. Registrace viech THE BARAB ON-LINE SYSTEM
uzivatelu podléhd ovéfeni spradvcem systému. Ten pridéli uZivatelskou roli
(pasivni nebo aktivni) a projekt, ktery bude dle predem domluvenych dis-
pozic pro registrovaného uZivatele zpfistupnén. Pro kaZdou podzemni

This is a database system used for collection, presentation and filing of data
obtained in the framework of geomonitoring of underground constructions, deve-
loped by SG-Geotechnika. The purpose of this on-line system was to simplify the

stavbu, navkteré se nase spolecnost podili v ramci kanceldfe geomonito- access to the required data or measurements for all parties to individual projects.
rngu, je ziizen na serveru Barab® projekt s oznacenim n?izvu stayb}v/, pro The nominated representatives of the projects are assigned their own passwords
nejz je na§tavenvgoiadovany a neomezeny pocet os, kde jsou zverejnovd- allowing them to register and connect to the above-mentioned server through
na jednotlivd méfeni. Internet from any place. Updated results of measurements or protocols are down-

; B L L loaded daily. As a result, the monitoring office staff got rid of the obligation to send
VYHODNOCENI GEOTECHNICKYCH MERENI PRI RAZBE the measurement results to individual parties to the project by e-mail. The regist-
STREDNIHO TUNELU ration of all users is subjected to verification by the system administrator. The

administrator assigns the user role (passive or active) and the project to be made
accessible to the registered user according to pre-negotiated instructions. A sepa-
rate project is established in the Barab® server for each underground construction

Jak jiz bylo vy$e popsdno, razba stiedniho tunelu se prevazné razila dle
horizontélniho ¢&lenéni (kalota a spodni klenba). Cely profil stfedniho
tunelu predstavoval plochu cca 71 m? (kalota 50 m? a spodni klenba cca . . o ) .
21 m?). Pfi razbé jsme prubézné méfili a vyhodnocovali cely komplet Wh_ere_ our company participates _throug}_l 1ts geomonitoring office. The requlre(_i,
méfeni. Pi konvergenénim méfeni byly jednotlivé pétibodové profily unlimited number of axes for which the individual measurements are presented is

navrZeny v tvodni &sti tunelu v rozestupu 10 m a od stanicenf 30 TM po set for the given project, holding the name of the particular construction.

20 metrech. JelikoZ vice neZ polovinou razeného profilu ve staniceni 60
TM prochdzela mocnd porucha, ¢lenové RAMO rozhodli o doplnéni{ vlo- ASSESSMENT OF GEOTECHNICAL MEASUREMENTS

Zeného KVG profilu v tomto dseku razby. Hodnota ,,A“ varovnych stavu DURING THE EXCAVATION OF THE TUNNEL

dle RDS predstavovala u jednotlivjch bodu vzdy odliSnou velikost As described above, the central tunnel was driven using a horizontal excavati-
z divodu situovani bodl na osténi, ale zjednodusené Ize pro prehlednost on sequence (top heading and invert). The total area of the cross section of the
uvést, Ze nejspodnéjsi mez vSech osazovanych bodu ¢inila ve vertikdlnim central tunnel amounted to about 71 m? (top heading 50 m2, invert about 21 m2).
sméru (seddni) 13 mm a v horizontdlnim sméru (pfi¢né posuny) 11 mm. We continually carried out and assessed the whole set of measurements during the
Tyto zminéné hodnoty ndlezi dle zvefejnéné tabulky do 3. varovného excavation work. For the convergence measurements, individual five-point moni-
stavu — stav mezni prijatelnosti. Po dobu méfen{ vSech osazenych profi- toring profiles were designed at 10 m spacing in the initial tunnel section, and
10 byla naméfena maximalni deformace ve sméru sedani 11 mm a v pric- every 20 m in the section from the TCH 30m onward. Because over one half of
ném sméru 10,5 mm. Uvedené maximum deformaci bylo naméfeno ve the excavated cross section at TCH 60 passed through a mighty weakness zone,
vertikdlnim sméru na bodé 04 profilu 19.18 (308 TM) a v pficném smeéru the MOBO members decided that an additional CVG profile be inserted in this
na bodé 05 vlozeného profilu 19.20, v mist¢ zminéné poruchy. Takze section of the tunnel excavation. Due to the positions of individual points on the

lining, the “A” trigger level determined by the detailed design represented diffe-
rent values at individual points. We, however, can simplify the problem stating
that the lowest limit for all installed points was of 13 mm and 11 mm in the ver-
tical direction (subsidence) and horizontal direction (transversal displacement)
respectively. According to the published table, these values are the values of the
3rd trigger level, which is the ultimate acceptability level. The maximum vertical
and transversal deformations determined in the course of measuring all installed
profiles amounted to 11mm and 10.5 mm respectively. Regarding vertical displa-
cement, the above-mentioned maximum was measured on the point 04 of the pro-
file 19.18 (TCH 308), while the maximum transversal deformation was measu-
red on the point 05 of the inserted monitoring profile 19.20, at the location of the
above-mentioned weakness zone. We can therefore arrive to a conclusion that the
values of the measured deformations of the CVG points on the central tunnel’s
primary liner reached maximally the value of the 2nd trigger level during the enti-
re central tunnel excavation period, therefore no extraordinary measures had to be
adopted regarding the excavation.

The deformations measurements on the surface, including the extensometer and
inclinometer measurements, were assessed similarly. The maximal deformations
determined by the borehole extensometer readings were found on the lowest bore-
hole anchor No. 4 in the 3rd combined monitoring profile, at TCH 30. This value,
amounting to 12.6 mm, was achieved on the extensometer 24.22, which is situa-
ted slightly on the right side (viewed in the direction of the excavation chainage)
Obr. 5 Pred vylomem stiedni ¢dsti JTT v portdlové rozvadovské oblasti of the longitudinal tunnel axis. Logically, this value is slightly higher than the value
Fig. 5 Bench excavation in the STT, in the Rozvadoy portal section determined by the CVG measurement of the points inside the tunnel. This is due
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Obr. 6 Zahdjeni raZby hlavni kaloty JTT
Fig. 6 Starting the excavation of the STT top heading

z uvedeného lze shrnout, Ze po celou dobu razeb stredniho tunelu se pohy-
bovaly naméfené deformace KVG bodi na priméarnim osténi stf. tunelu
maximdlné do II. varovného stupné, a tak nebylo nutné prakticky prijimat
mimorddnd opatfeni v rdmci razby.

Obdobné byla vyhodnocovédna i méfeni deformaci na povrchu véetné
extenzometrickych a inklinometrickych méfeni. Maximdlni deformace
v rdmci méfeni extenzometrickych vrtl byla odeltena na nejspodnéjsi
kotveé €. 4 v rdmci 3. sdruzeného profilu ve stani¢eni 30 TM, kterd pred-
stavovala hodnotu 12,6 mm na extenzometru 24.22, ktery je situovin
mirné vpravo (ve sméru stani¢eni razeb) od podélné osy tunelu. Tato hod-
nota je logicky nepatrné vét§i neZ pii méfeni KVG bodu v tunelu, coZ je
pric¢inou nezachycené prvotni deformace v momenté té€sné po prachodu
danym stani¢enim Celby (neZ dojde k osazeni a k zméfeni KVG bodu).
Na tomtéZ extenzometru byla naméfena i maximdlni deformace na jeho
zhlavi, kterd ¢inila 10,4 mm (varovny stav je na povrchu nastaven na
40 mm). Z vySe popsanych vysledka méfeni je ziejmé, Ze deformace nej-
hlubsi kotvy extenzometru je témér identickd jako deformace jeho zhlavi
na povrchu. To je na této stavbé ddno minimédlnim nadloZim ve stanic¢eni
30 TM (cca 6 m), které v zastizenych hornindch prakticky neumozni
vytvoreni pfirozené horninové klenby nad raZenym tunelem. Nejvetsi
absolutni deformace byly naméfeny pravé na profilu €. 3, coZ Ize jedno-
znaéné odivodnit nejmensim nadloZim nad tunelem a nejproblematité;-
$imi geologickymi podminkami v dvodni Cdsti stavby. Na dalSich dvou
pricnych profilech (190 a 290 TM) dosahovaly deformace na jednotli-
vych extenzometrickych kotvdch hodnot okolo 5 mm. Dals{ zajimavy
trend, ktery byl vysledovdn na vSech pfi¢nych profilech, je ten, Ze maxi-
mdlnich deformaci nebylo dosazeno na extenzometrech v ose nad tune-
lem, ale vZdy na extenzometru vedlej$im (viz schéma profilu ¢. 1) situo-
vaném vpravo ve sméru razeb. Tato skute¢nost byla ovlivnéna zastiZenou
bridli¢natosti (foliaci) se sklonem kolem 80° dokumentovanych hornin,
kdyZ maximdlni vyvoj deformaci se neptendSel po svislici, ale pravé po
tklonu zminéné foliace. Nejvétsi zmefend deformace na povrchu
v podéIné ose nad stfednim tunelem byla v rdimci podélné poklesové viny
zméfena na bodé ¢. 22 ve staniceni tunelu 310 TM. Tato hodnota ¢inila
v srpnu roku 2004 po dokonéeni razby 13 mm, coZ potvrzuje zastizeny
trend. Ostatni body v ose na povrchu se deformovaly mezi 6 az 11 mm,
dle dokumentované geologie.

Mensi horizontélni deformace byly naméfeny v okolnim horninovém
masivu pomoci Sesti inklinometrickych vrtt, které se pii razbé stf. tunelu
pohybovaly v rozmezi pouze 4 a7z 7 mm. Smér deformaci probihal vZdy
logicky smérem k tunelu od situovanych inklinometru (tj. jizni inklino-
metry se deformovaly severné ¢i severozdpadné a inklinometry situované
severn¢ od tunelu se deformovaly jiznim smérem). Minimdlni deformace
jsou ovlivnény skutecnosti, Ze jednotlivé inklinometry kopiruji obrys vel-
kych tuneld, a tak jejich vzdélenost k obrysu stiedniho tunelu ¢inila z obou
stran asi 12 m.

Samostatnou a osvédenou metodou pri meéreni GTM na stavbé tunelu
Valik se ukdzalo prubéZné kontrolni méfeni profilovacim strojem zastiZe-
nych nadvylomi pii razbé stfedniho tunelu a posléze i pfi razbé hlavnich
tunelt. Tuto ¢innost RSD zakomponovalo do baliku méfeni GTM vibec
poprvé pri stavbé ddlni¢niho tunelu. Objednatel tedy prenesl zodpovéd-
nost za tato mefeni na kanceldf geomonitoringu, ¢fmZ nebyl zdvisly na

to the unrecorded initial deformation developing just after the passage of the face
through the given chainage (before the CVG points are installed and measured).
Also the maximum deformation measured on an extensometer head was identifi-
ed on this instrument, reaching a value of 10.4 mm (the trigger level for the surfa-
ce measurements is set to 40 mm). It follows from the above-mentioned measure-
ment results that the deformation of the deepest borehole anchor of the extenso-
meter is nearly identical with the deformation of this extensometer’s head found
on the ground surface. The reason is the minimum overburden thickness on this
site, at chainage TCH 30 (approximately 6 m), which practically does not allow
the natural arch to develop above the mined tunnel in the given rock mass. It was
the profile No. 3 where the largest absolute deformations were measured. This can
be explained with certainty by the shallowest tunnel cover and the most proble-
matic geological conditions in the initial section of the tunnel excavation. The
values of deformations measured at the other two transversal monitoring profiles
(TCH 190 and 290) on individual borehole anchors reached approximately 5 mm.
Another interesting trend identified at all transversal profiles is that the maximum
deformations were not reached on the extensometers installed on the centre line,
above the tunnel, but always on the neighbouring extensometer (see the profile No.
1 chart) situated on the right side (viewed in the direction of excavation). This phe-
nomenon was due to the fact that foliated rock mass was encountered, with the dip
of the documented rock about 80°. The maximum rate of development of defor-
mations was transferred along the dipping bedding planes instead of a vertical line.
The largest deformation measured on the surface along the longitudinal axis above
the central tunnel was found, as a part of the subsidence wave, on the point No. 22,
at tunnel chainage TCH 310. Its value amounted to 13 mm in August 2004, after
completion of the excavation, thus confirming the encountered trend. The other
points on the axis on the surface deformed between 6 mm and 11 mm, according
to the documented geology. Lesser horizontal deformations were measured in the
surrounding rock massif by means of six inclinometer boreholes. They varied in
the course of the tunnel excavation only from 4 to 7 mm. The direction of the
deformations was always logical, from the inclinometers toward the tunnel (i.e. the
southern inclinometers deformed toward the north or north-west, and the inclino-
meters situated to the north of the tunnel deformed towards the south). The mini-
mum deformations result from the fact that individual inclinometers follow the
outline of the large tunnel tubes, therefore their distance from the outline of the
central tunnel amounted to about 12 m on both sides.

Continuous measurement of overbreaks, which were identified by a profile
scanner in the course of the excavation of the central tunnel and later in the dri-
ving of the main tunnels, turned out an autonomous and well-proven GTM mea-
surement method used at the Valik tunnel construction. It was for the first time
the Directorate of Roads and Motorways incorporated this activity into a GTM
measurement package at a highway tunnel excavation. Owing to the fact that the
client delegated responsibility for these measurements to the geomonitoring offi-
ce, the client seized to be dependent on the random measurements carried out by
the contractor. This method provided relatively exact sums of the overbreaks
occurring during the excavation. The resultant volume of random overbreaks ack-
nowledged by the client was in addition assessed by the geological service team,
passing a judgement whether the particular overbreak was attributable to mista-
kes during the excavation or unavoidable, due to the rock faulting or compositi-
on of the rock mass. We can state that in this specific case (thanks to the contrac-
tor’s good discipline, minimum overbreaks were identified during the central tun-
nel excavation) the client saved considerable costs compared to the situation
where the volume of overbreaks (beyond the theoretical contour of excavation)
acknowledged across-the-board as specified in the design. Individual documents
of the excavated profile scanning were submitted to the client’s supervision offi-
ce in a form of protocols, weekly, before the MOBO meetings, so that contingent
overbreaks could be approved by the client.

Obr. 7 Clenéni JTT pFi razbé
Fig. 7 STT excavation sequence




Toel

14. rocnik - €. 4/2005

2 s 3 TE’ 2 opatfeni/ Measures
k7 s s 3 ®
2 = = § = S )
2 2 = 2 = E 5 S T - = e = 2
s 2 =5 = 25z<=8 8 g 5 = 5 S 8 8=
= 2 2 e = o <2 2 ¢ g = 5 e s = S @
= = 2 c = a'c 8 2 « c 5 S =5 SR S © % S
5%3 Oog _.L,msosum :%: S 2 s = = = gg_
5$38%° E 2 2523¢8s E5% 58 S S 55 £ 3
D - 2 TS O £ 26 50 % = E - D2 £ = S © L = £
stav vysoké omezeni klid, celba pod 60 % A v nejuzsim z4dna moznost omezeni
miry bezpecnosti ekonomické stabilni rozsahu zvladtnich
high degree narocnosti praci peace, stable under 60 % in the technologickych
of safety level udrzeni hodnot face of A narrowest opatfeni z projektu
reduction of economic scope none limitation of special
demand of the works designed technological
and maintenance measures is possible
of values
stav pfipustnych porovnani deformace nad 60 % A podle projektu 74dnd podle projektu;
zmén predpokladi odpovidaji mensi Upravy
changes projekiu se projektu, z nabidky projektu
acceptable skutecnosti celba stabilni according to
level comparison of deformations over 60 % according to none the design;
assumptions corresponding of A the design minor modification
with reality to the design; of measures
stable face offered by the design
stav mezni zamezeni deformace 2zvySend Cetnost zkraceni technologicka navrh dodavatel;
prijatelnosti chovani masivu dosud méfeni; nové Casli pro opatieni odsouhlaseni
ultimate vynucujiciho si odpovidaji druhy méfeni rozhodovani z nabidky z hlediska
acceptability mimoradné projektu s rizikem A projektu; kvality
level opatfeni vyvoje ke viceprace a financovéni
prevention kritickému stavu, v minimalnim investor
of rock mass ¢elba dosud rozsahu
behaviour stabilni
requiring deformations A increased reduction technological contractor
extraordinary still corresponding frequency of decision-making measures for proposal;
measures to the design, of measurements; time offered by client for
potential development new types the design; approval
toward alert of measurements minimum scope regarding
level; face of additional quality and
still stable work payment
kriticky zamezeni limitni jeste vyssi technologické névrh
stav vzniku deformace Cetnost zZkraceni opatfeni dodavatel;
alert havarijnf s rizikem méfent; ¢asli pro projektem odsouhlaseni
level situace vyvoje 125% A nové druhy rozhodovani pro dany Usek z hlediska
prevention k havarijnimu méfeni neuvazovana; kvality
of emergency stavu, vyjizdéni vicepréace ve a financovéni
situation blokd z &elby, Vetsim rozsahu investor
vznik trhlin
v osténi
limiting deformations, 125 % further increase reduction of technological contractor
potential development of A of frequancy decision-making measures for proposal;
toward emergency level; of measurements; time unexpected by client for
block falling from new types the design for approval
the face; cracks of measurements the given section; regarding
in the lining larger scope of quality and
additional work payment
havarijni minimalizace mimoradna Vyhlaska
stav $kod; situace, CBU* ve smyslu schvéleného havarijniho plénu stavba; OBU
emergency ochrana zivotl destrukce Celby Czech in the meaning of the approved emergency plan project team
(action) level minimation emergency Bureau of (client, designer,
of damage, situation, Mines’ contractor
life protection collapse of the Order* etc.); Regiona
face Bureau of Mines
* vyrazné zrychleni deformaci sméfuijici ke ztraté stability A ..... Meze varovnych stavil nastavené projektem (RDS) dle statického vypoctu
* significant acceleration of deformations tending to a loss of stability A ... Trigger limits set in the detailed design according to the structural analysis

Tab. 1 Charakteristika varovnych stavu
Table 1 The characteristics of trigger levels

namatkovém méreni zhotovitele. Tim bylo dosaZeno pomérné presné
sumy zastiZenych nadvylomu pfi razbé. Vyslednd hodnota uznanych
nezavinénych nadvylomu investorem byla pak jesté vZdy posouzena
geologickou sluzbou z duvodu skutenosti, zda se jedna o zavinény nad-
vylom zapri¢inény nekdzni zhotovitele, ¢i Slo v konkrétnim piipadé
o0 nezavinény nadvylom zpusobeny tektonickym postizenim ¢i skladbou
horninového masivu. Lze konstatovat, Ze vzhledem k tomu, Ze pri razbé

PREVIOUS BENEFITS OF GEOMONITORING
ON THE PROJECT

It was as early as the beginning of the excavation work at the Rozvadov por-
tal side (11/2003) that heavy weathering and tectonic affecting of Proterozoic
schists were documented at the overburden of the tunnel. Based on this know-
ledge, the site management decided to build walers at both portals. During the
excavation of the central tunnel (03 to 07/2004), a decision was made on the basis
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stiedniho tunelu se jednalo pievazné o minimélni nadvylomy zptsobené
dobrou kézni zhotovitele, objednatel timto usetfil nemalé finan¢ni pro-
stredky oproti projektem pausélné specifikovanym uznanym nadvylomim
nad teoreticky obrys razeb. Jednotlivé dokumenty o profilaci vyrubt byly
preddvény technickym dozorum stavby formou protokold v tydennich
intervalech vzdy pred jedndnim RAMO, tak aby mohly byt pripadné nad-
vylomy investorem odsouhlaseny.

DOSAVADNI PRINOSY GEOMONITORINGU NA STAVBE

Jiz pti zahdjeni vykopovych praci na strané rozvadovského portdlu
(11/2003) bylo dokumentovdno v nadloZi projektovaného tunelu silné
zvétrani a tektonické postizeni proterozoickych bridlic, na jehoz zdkladé
bylo rozhodnuto vedenim stavby o vybudovéani prevdzky na obou
portalech.

Pfi razbé stiedniho tunelu (03 az 07/2004) bylo na zdkladé vyhodnoce-
nf vysledki méfen{ a doporuceni kanceldfe GTM upusténo od pavodné
predpoklddaného ¢lenéni vyrubu kaloty stredniho tunelu projektem. Po asi
10 metrech razby za mikropilotovym destnikem (délky 18 m) zhotovitel
razil celou hornf &4st (kalotu) na jeden profil o prufezu cca 50 m? za std-
1ého dozoru kancelafe GTM. Déle v nejpfiznivéejsi tridé Salll bylo upuste-
no, dle dosazenych vysledkt méfeni, od kotveni ve spodni klenbé stfedni-
ho tunelu. Uvedenymi rozhodnutimi (schvidleno RAMO) se usetril vice
nez mésic v pldnovaném harmonogramu razeb stiedniho tunelu a samo-
ziejmé nemalé finanéni prostredky za nepouZitou pifhradovou vyztuz
BTX, usporené kotvy a stiikany beton.

Pii razbdch hlavnich tunelt (10/04 az 05/05) se opakovala situace
z razby stf. tunelu, kdy na zdkladé vysledki méfeni a ze zkuSenosti z jiZ
provedené razby kanceldt GTM doporucila orginu RAMO zjednodusit
projektované &lenéni obou tunelu. Hlavni kaloty obou tuneld se v celé
jejich délce nakonec razily na jeden vyrub. Zdroven jsme doporuili
neprovadét zajisténi mikropilot BODEX nad klenbou tunelu, jeZ se dle PD
mély vrtat z kapli¢ek budovanych nad horni klenbou tunelt (oduvodnén{
bylo jednoduché — nechtéli jsme masiv v nadloZi tunelt tvoreny silné zvét-
ralymi proterozoickymi bridlicemi, na puklindch limonitizovanymi a zaji-
lovanymi, dotovat technologickou vodou z vrtani, ¢fimZ by se situace na
Celbé pravdépodobné znaéné zhorsila). To vie za prubézného sledovani
a vyhodnocovéni dosaZenych vysledkt méfeni. Piedevsim z duvodu vyse
uvedenych opatieni se docililo zkréceni razeb tunela Valik o vice neZ
4 mésice dle ptivodniho harmonogramu.

ZAVER

Prvni a velmi duleZitou etapu stavby tunelu Valik Ize hodnotit jako
velice dspéSnou, jelikoZz probihala kontinudlné, bez mimorddnych
uddlosti a v pomérné velkém predstihu oproti nastavenym ¢asovym pred-
pokladam. Skute¢nost, Ze pii razbach metodou NRTM s obtiznéjsim ver-
tikdlnim Clenénim vyrubu nebyl ani v jednom piipadé prekrofen
3. varovny stav z nastavené pétistupriové $kdly, miZeme povaZovat za
velmi pfiznivou.

Zdvérem bych chtél uvést, Ze i kdyZ byl tunel Valik navrZzen do velice
obtiznych geologickych podminek a je velice sledovan vetejnosti v dotce-
ném regionu, pfi velké kdzni zhotovitele, zkusenostech projektanta
a dobfe fungujicim odborném tymu v ramci Rady geotechnického moni-
toringu bylo mozné si s témito podminkami velice tispé$né poradit. Dnes
pri sestavovéni tohoto ¢ldnku jsou jiZ razby na tunelech ukonceny a je pro-
vedena primérni obezdivka. Oviem i v dalsi fazi stavby tuneld — budova-
ni definitivniho osténi — probihaji projektovand méfeni (predevsim mére-
ni na povrchu, KVG méfent, tenzometrickd metent atd.). Do predpoklada-
ného uvedeni stavby do zkuSebniho provozu zbyva vice nez 1 rok (ffjen
2006) a jelikoz kanceldr GTM provadi nadédle komplexni geomonitoring,
zdvére¢né vyhodnoceni provedenych praci GTM lze uzavfit aZ po ukon-
Ceni stavby tunelu Valik. Oviem jiz ted jsme si v predstihu ovéfili, Ze
ndkladnéjsi a ojedinélé feSeni samotné stavby s Zelezobetonovym pilitem
prinese na druhou stranu nezanedbatelné finan¢ni dspory z hlediska zdbo-
ru povrchového tzemi nad rozsdhlymi tunelovymi stavbami v ddlni¢nim
stavitelstvi.

Jako autor tohoto ¢lanku pfedpokldaddm, Ze v jednom z ¢isel vydanych
v piistim roce provedu kompletni vyhodnoceni geomonitoringu na popi-
sované stavbé.

ING. RADEK BERNARD, bernard@geotechnika.cz,
SG-Geotechnika, a. s.

Obr. 9 Méreni KVG bodu v boénim tunelu JTT
Fig. 9 Measurement of CVG points in the STT

of assessment of measurement results and a recommendation by the GTM office,
to abandon the central tunnel top heading excavation sequences originally assu-
med by the design. After about 10 metres of the excavation behind the 18m long
micropile umbrella the contractor started to excavate the full face of the top hea-
ding (cross-section about 50m?), under permanent supervision by the GTM offi-
ce. Further, in the more unfavourable class SAIIL, the anchoring at the invert of
the central tunnel was omitted on the basis of the measurement results. The
above-mentioned decisions (approved by the MOBO) saved over a month in the
program of excavation of the central tunnel, as well as the obviously also not
negligible financial means for BTX lattice girders, anchors and shotcrete that did
not have to be used.

The situation experienced at the excavation of the central tunnel repeated
during the excavation of the main tunnel tubes (10/04 to 05/05). Based on the
measurement results and experience gained from the previous excavation, the
GTM office recommended to the MOBO that the designed excavation sequence
for both tunnel tubes be simplified. The top headings of both main tunnel tubes
were eventually excavated in a single sequence. In the same time, we recom-
mended that the BODEX micropile support above the tunnel vaults, with the dril-
ling for the micropiles designed from recesses built above the tunnel vaults, be
omitted (for a simple reason — we did not want to aggravate the situation by supp-
lying flushing water to the rock mass at the overburden consisting of heavily
weathered Proterozoic schists, with discontinuities limonitised and filled with
clay). All of the above-mentioned operations were carried out under continual
monitoring and assessment of the measurement results. Owing to the above-men-
tioned measures above all, the excavation operations at the Valik tunnel were
finished over 4 months ahead of the original schedule.

CONCLUSION

The first and very important stage of the Valik tunnel construction can be eva-
luated as very successful because its ran continually, without emergencies, and in
relatively long advance compared to the set conditions. The fact that the NATM
excavation, using a complex vertical excavation sequence, did not experience
even a single event of crossing the 3rd trigger level out of the 5-degree scale can
be considered as very favourable.

To conclude, I would like to state that despite the fact that the Valik tunnel was
excavated in very difficult geological conditions and is carefully followed by the
public in the given region, those conditions could be coped with successfully
owing to the contractor’s staff high discipline, the designer’s experience and good
work of the professional team of the geotechnical monitoring Board. Today, when
this paper is being prepared, the excavation of the main tunnel tubes has been
completed. Although, the designed measurements (primarily surface measure-
ments, CVG measurements, strain gauging, etc.) will be carried out even in the
further phase of the tunnel construction, i.e. the phase of erection of final lining,
which is underway. More than one-year time remains to the scheduled commis-
sioning of the tunnel (October 2006). As the GTM office provides comprehensi-
ve geomonitoring services, the final assessment of the GTM work can be conc-
luded only after the Valik tunnel completion. However, we are already now cer-
tain that the higher cost of the unique solution of the tunnel structure containing
the central pillar will be compensated for by the not negligible cost savings in
terms of the total plan area of permanent works generally required for vast tunnel
structures in the highway construction industry.

As the author of this paper, I expect that I will carry out a comprehensive
evaluation of the geomonitoring on the above project in one of issues published
next year. ING. RADEK BERNARD, bernard@geotechnika.cz,

SG-Geotechnika, a. s.
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OPTIMALIZACE TRATOVEHO USEKU ZABREH - KRASIKOV,
TUNEL MALA HUBA

OPTIMISATION OF ZABREH - KRASIKOV TRACK SECTION:
THE MALA HUBA TUNNEL

FRANTISEK KLOUBA

uvob

Trasa tunelu Mald Huba prochdzi pod severnim vybézkem vrchu
,,Mald Huba“ s nadmorskou vy$kou cca 415 mn. m. a je souldsti Cle-
nité Zabrezské vrchoviny, kterd je v téchto mistech ze severu ohrani-
Cena prulomovym tudolim Moravské Sdzavy. Ze zédpadu, severu
a vychodu je vybeZek u paty obtékdn fekou Moravskd Sédzava, jejiz
ddoln{ niva leZ{ v nadmofrské vysce cca 316 —317 m n. m.

Horninovy masiv v trase tunelu vytvaii krystalinikum tvorené fylity
v raznych odstinech $edé az Sedozelené barvy. Horniny maji vyvinu-
tou vyraznou foliaci. Smér a sklon folia¢nich ploch se vSak ¢asto méni,
coZ je zpusobeno provrdsnénim hornin.

Konstrukce tunelu je tvorena dvéma dseky budovanymi v oteviené
stavebni jdmé a tdsekem raZenym novou rakouskou tunelovaci meto-
dou (NRTM).

Celkovd délka tunelu je 324 m, z toho hloubend ¢4st 12 m na vjez-
dovém a 12 m na vyjezdovém portdlu.

Razba tunelu probiha dovrchné smérem od vyjezdového k vjezdo-
vému portélu. Je zahdjena z predportdlového zédfezu a zpocdtku pro-
bihd vzhledem k nizkému nadloZi pod ochranou konstrukce ,,Zelvy*.

SYSTEM ZELVA

Konstrukce Zelvy je navrzena z Zelezobetonu C 16/20. Jednd se
o docasnou konstrukei, kterd prendsi zatizeni nad nasypem, pred vyra-
Zenim tunelu a vybudovédnim definitivniho osténi. Konstrukce se beto-
nuje na terén upraveny do tvaru vnéjsiho lice definitivniho osténi.
Vzhledem k moZnym nepfesnostem pii tvarovani rostlého terénu je
projektovany tvar nadvySen o 100 mm. Upraveny terén se vytvaruje
vrstvou vyrovnavaciho betonu C 7,5/10 v dsecich délky cca 6 m podle
drevénych pomocnych $ablon. Na vyrovndvaci beton se poloZi sepa-
raéni félie, jejiz pouZiti zajistuje snadné oddéleni materidlu pfi vyrubu
kaloty pod Zelvou.

Na separacni folii se montuje vyztuz klenby. BetondZ probihd po
blocich Sachovnicové. Po vybetonovéni konstrukce Zelvy v celé délce
je pred zahdjenim razby proveden zpétny zdsyp do projektem navrZe-
né drovne. Pak probiha razba kaloty pod ochranou konstrukce Zelvy.
Pouziti separani félie pred montdzi vyztuZe a betondZ{ konstrukce

Obr. 1 Vykop zdrezu vjezdového portdlu
Fig. 1 Open cut for the entrance portal

INTRODUCTION

The alignment of the Mald Huba tunnel passes under a northern
spur of Mald Huba hill (415m a.s.1.), which is part of rugged Zabreh
Upland. This spur is lined on the west, north and east by the Morav-
skd Sdzava River. The floor of the river valley is at an altitude of
316 to 317m a.s.l.

The rock massif found along the tunnel route is a crystalline com-
plex consisting of phyllites in shades of grey to grey-black colour.
The rocks have developed intensive foliation. The strike and dip of
the foliation surfaces often vary as a result of folding processes.

The tunnel construction comprises two cover-and-cut sections
and a section built by the New Austrian Tunnelling Method
(NATM).

The total length of the tunnel of 324m comprises 12m long cover-
and-cut sections at the entrance and exit portal respectively.

The tunnel is excavated uphill, in the direction from the exit por-
tal to the entrance portal. The excavation starts from a pre-portal
open cut. In the beginning a top-down excavation sequence is used,
with the excavation carried out under so-called “turtle shell”, becau-
se of shallow overburden conditions.

TURTLE SHELL SYSTEM

The “turtle shell” structure is a temporary concrete structure
(C 16/20) carrying the loading imposed by the backfill until the
excavation under the shell and casting of permanent lining is com-
pleted. The shell is cast on a mould created by excavating a con-
struction trench (a pre-cut) with the bottom shaped to follow the
contour of the upper surface of the final lining. Considering the
potential for inaccuracies in the shape, the excavated contour height
is exagerated by 100mm compared with the designed contour. About
6m long sections of the excavated ground surface are consecutively
covered by a layer of C 7.5/10 blinding concrete, using wooden tem-
plates. The blinding concrete surface is covered with a separation
membrane. Reinforcement of the vault (the shell) is placed on the
separation membrane. The casting is carried out in blocks, in a stag-
gered sequence. When the whole length of the shell is complete,
before the excavation starts, the backfill of the shell is carried out up
to a designed level. The excavation underneath the shell umbrella
follows. Quality surface for installation of waterproofing layers is
guaranteed thanks to the application of the separation membrane
before the reinforcement is placed and the “turtle shell” cast. The
shell provides protection of the top heading excavation, which is
carried out along its whole length. The subsequent bench excavati-
on support, however, is secured by the NATM principles, i.e. spray-
ed concrete and wire mesh with anchors. The portal slope is sup-
ported by a gabion wall built at its base.

MINED TUNNEL

The tunnel is excavated using the NATM. Three basic technologi-
cal NATM excavation classes were determined with respect to the
geotechnical conditions identified by detailed geological explorati-
on. Modifications of the classes in some sections (modified lengths
and numbers of anchors, absence of invert) were agreed between
representatives of the client, designer’s supervision representative
and contractor according to geotechnical conditions encountered by
the excavation.
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Zelvy zajistuje kvalitni povrch pro instalaci hydroizolace. Pod ochra-
nou konstrukce Zelvy je v celé délce vyraZzena kalota. Razba jadra jiz
probihd dle zdsad NRTM, tj. po zdbérech zajiStovanych stifkanym
betonem se siti a kotvami. Portdlovy svah je v paté zajistén gabiono-
vou zdi.

RAZENY TUNEL

Tunel je raZzen novou rakouskou tunelovaci metodou. Pro geotech-
nické podminky zastizené v ramci podrobného geotechnického pru-
zkumu byly stanoveny tfi zdkladn{ technologické tfidy vyrubu NRTM.
Podle geotechnickych podminek bezprostredné zastizenych pfi razbé
byly po dohodé s kompetentnimi zdstupci objednatele, AD projektan-
ta a zhotovitele modifikovany technologické tfidy vyrubu NRTM
v nékterych dsecich razby tunelu (délky &i polty kotev, absence
protiklenby).

Vyrub je ¢lenén na kalotu, jadro a po¢vu, CemuZ odpovidd druh
vyrubu B ,.Clenény vyrub*. To znamen4 zaji§téni vyrubu po kazdém
zabéru. Rozpojovani hornin je provadéno s pouZitim trhacich praci. Po
odstrelu a po odvétrani dila je rubanina nakldddna naklada¢em a odvé-
Zena ndkladnimi automobily na deponii. Ndsledné jsou osazeny prvky
primarniho zajistén{ vyrubu, definované technologickou tfidou vyrubu
NRTM. Pfitom dochdzi k tplnému preruseni cyklu raZeni a okamzité-
mu zabezpeCeni vyrubu az k Celu, po kazdé etapé vyrubu.

OSTENI TUNELU

Primdrni osténi je tvoreno stifkanym betonem C16/20 se siti, pri-
hradovymi nosniky a kotvami. Strikany beton v tloustkach dle tech-
nologickych tfid NRTM 150,200 a 250 mm, sité KARI 150 x 150 x 6
mm, kotvy SN a HUS délky 4 event. 3 m, kotvy IBO délky 8 m, pii-
hradové nosniky H=100, 120 a 150 mm a predrdZené jehly.

Osténi tunelu je dvoupldstové s mezilehlou izolaci. PoZzadovanou
tiidu vodotésnosti ,,0 dle TKP 20 zajiStuje mezilehld izolace
tl. 2 mm opatfend navic signdln{ vrstvou, umisténd po obvodu horn{
klenby tunelu. Voda je po izolaci svedena do boku k paté klenby,
kde je umisténa bo¢ni podélnd tunelové drendz DN 200 mm. Podél-
ny sklon tunelu umoZiiuje prabézné podélné odvodnéni na bocich
tunelu a voda je odvddéna boc¢ni tunelovou drendzi k vyjezdovému
portdlu tunelu. Pripadné prusaky dnem tunelu jsou odvddény
stfedn{ tunelovou drendzi PE DN 350 mm rovnéz k vyjezdovému
portélu.

Definitivni osténi z monolitického Zelezobetonu C 25/30 — XC1,
XF1, minimalni tloustky 350 mm, je realizovdno do ocelového, hyd-
raulicky ovladaného bednéni.

Zakladové pasy z zelezobetonu C25/30 — XC1, XF1, XAl. Vyztuz
jak zdkladovych past, tak opér i klenby je z oceli 10 505 R, nebo BST
500 S, KR. Délka pasu je stanovena na 10 m, tomu je pfizpusobeno
rozmisténi zdchrannych vyklenka po 20 m. Pracovni (resp. dilataéni)
spary mezi jednotlivymi sekcemi betondZe budou v lici tunelu prizna-
ny jako drézky lichobéZnikového prafezu, v piipadé dilatainich spar
budou prekryty trvale pruZznym tmelem.

Obr. 3 Stridavé zabetonované bloky klenby vyjezdového portdlu
Fig. 3 Staggered casting of vault blocks of the exit portal

Obr. 2 MontdZ armatury klenby vyjezdového portdlu
Fig. 2 Placement of reinforcement of the exit portal

The excavation face is divided into the top heading, bench and
invert. This division corresponds to the B-type of excavation, i.e.
“Serial Excavation”. This means that the excavation is supported
after each advance of the face. Rock disintegration is by drill-and-
blast. After the blasting and defuming, muck is loaded by a loader
and transported to a stockpile by lorries. Installation of the excava-
tion primary support elements defined by the technological NATM
excavation class follows. The excavation cycle is completely sus-
pended after each excavation face advance to allow immediate
installation of the support means up to the face.

TUNEL LINING

The primary liner consists of sprayed concrete C16/20 (150, 200
or 250mm thick layers, depending on the NATM class) with KARI
welded mesh (150x150x6mm), lattice girders (H=100, 120 or
150mm), anchors (8m long IBO-anchors) and spiles.

The tunnel lining has two passes, with an intermediate waterpro-
ofing system. The required waterproofing degree “O” defined by
technical specifications TKP20 is ensured by a 2mm thick membra-
ne provided with a signalling layer. The membrane is applied to the
upper vault. Water is directed to the sides, to DN 200mm drains laid
at the springing level. The longitudinal gradient of the tunnel allows
continuous drainage along the tunnel sides, evacuating water to the
exit portal. Contingent seepage through the bottom is evacuated
through a PE DN 350mm central tunnel drain, also toward the exit
portal.

The minimally 350mm thick C 25/30 — XC1, XF1 reinforced
concrete lining is cast behind hydraulically controlled steel form-
work. Reinforced concrete C25/30 — XC1, XF1, XAl is used for the
strip footings. Steel grade 10 505 R or BST 500 S, KR is used for
reinforcement of the strip footings, side walls and vault. A length of
10m is designed for the casting blocks. The spacing of safety reces-
ses of 20m is accommodated to this length. The day joints between
individual casting blocks will remain exposed in the tunnel intrados
as trapezoidal grooves. Expansion joints will be filled with perma-
nently flexible compound.

The safety recesses are minimally 0.75m deep, 2.2m high at the
lowest place, and 2m wide at the narrowest place. Sidewalls and the
ceiling are splayed at 15° to facilitate stripping. A handrail is instal-
led between the recesses, along both sides of the tunnel. A multiple-
way (9-way) PE cable duct is installed along either side of the tun-
nel, in a recess formed in the walkway. Cable conduits branch from
the duct in respective points. The recess in the walkway that is
found next to the track #2 also houses a dry fire main with DN
52mm outlet valves installed in manholes on the side-wall drain, in
safety recesses # 1, 3,5,7, 8,10, 12, 14, 16. A passive system of
protection against stray currents is designed. The check points,
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Obr. 4 VyteZend kalota tunelu
Fig. 4 Complete top heading excavation under the vault

Zichranné vyklenky maji hloubku min. 0,75 m, vy$ku v nejniz§im
misté 2,2 m, §itku v nejuz§im misté 2 m. Bo¢ni stény a strop jsou
z davodu usnadnéni odbednéni zkoseny pod thlem 15°. Mezi zdchran-
nymi vyklenky je po obou stranich tunelu umisténo madlo. V chodni-
kovém tstupku po obou strandch tunelu je osazen deviticestny multi-
kandl z PE, z n¢hoz jsou v patfi¢nych mistech vyvedeny chranicky pro
kabely. V chodnikovém udstupku u koleje ¢. 2 je rovnéz umistén pozér-
ni suchovod s vytokovymi ventily DN 52 umisténymi v reviznich
Sachtach pate¢ni drenaze ve vyklencich ¢. 1,3,5,7,8,10, 12, 14 a 16.
Ochrana proti bludnym proudum je provedena jako pasivni, kontroln{
body vodivé propojené s vyztuzi osténi jsou vyvedeny ve stejnych
vyklencich jako pozarni suchovod.

POSTUP STAVBY

Vytvoren{ predzdfezu od vjezdového portdlu komplikoval sloZity
reliéf terénu, kdy skaln{ st€na prudce spadd do koryta Moravské Sdza-
vy. Velmi ndro¢na je i koordinace postupu praci s vystavbou mostniho
objektu SO 44-19-07, ktery bezprostfedné navazuje na portdlovy pds
P1. Pri zakladdn{ opéry ,,Olomouc, vzhledem k zastiZenym geologic-
kym podminkdm, nebylo moZno dodrZet sklon vykopu za opérou
a bylo tedy nutno odstranit neinosnou horninu a nahradit ji betonem.
Rozsah ur¢oval odpovédny geolog in situ.

Dobrd kvalita praci pfi provadéni raZeb a priméarni obezdivky se
potvrdila v tom, Ze konvergenni méfeni v kaloté v celé délce tunelu
pohybovala v rozpéti predepsaném projektem. Jak seddni, tak pri¢né
posuvy nedosahovaly 50 % predepsanych hodnot.

V opéfi ve stani¢eni 10. aZ 150. (tm) byla hornina siln¢ prostoupend
vrstviCkami az vrstvami grafitu, coZ se nepfiznivé projevilo zejména
v pravém opéfi v 145. (tm). Vrstvicky aZ vrstvy grafitu pusobily obti-
7e uZ pri vrtani jadra. Vyvrty vyrazné ,Sutrovaly“ az k devastaci vrtné
tyce.

Vlivy pfitomného grafitu se projevily i ve vysledcich konvergenc-
nich méfeni. Zatimco v prevazné &dsti tunelu byly naméfené deforma-
ce men$i neZ hodnoty, které pripoustél staticky vypocet, v mistech
s vyraznym vyskytem grafitu presdhly deformace predpoklddané hod-
noty az o 50 %.

Ke konci tnora 2005 byl postup praci na tunelu Mald Huba nasle-
dujict:

Tunel byl vyrazen v pIném profilu v celé délce véetné primdrni obe-
zdivky. Byla provedena reprofilace, zabetonovany zdkladové pasy
a protiklenba v razené Casti tunelu. Zikladové pasy byly osazeny
kolejnicemi pro pojezd montaznich plosin (pro instalaci mezilehlé izo-
lace a armatury definitivni obezdivky) a pro betonérské formy. Pred-
poklad zahdjeni betondZe definitivni obezdivky je 12. 5. 2005.

ING. FRANTISEK KLOUBA, fklouba@subterra
Subterra, a. s.

Obr. 5 Pohled do kaloty u vyjezdového portdlu
Fig. 5 Top heading under the vault at the exit portal

electrically continually connected with the reinforcement of the
lining, are installed in the same safety recesses as the fire main
outlets.

CONSTRUCTION PROCEDURE

The work on the pre-cut beginning at the entrance portal was
complicated due to the complex morphology of the area, with
a steep cliff above the Moravskd Sdzava River’s valley. Also co-
ordination of the operations with the construction of the SO 44-19-
07 bridge, which is directly connected with the portal block P1, is
very difficult. Because of the encountered geology, it was necessa-
ry during the work on the foundation of the “Olomouc™ abutment to
remove unstable ground on the side of the excavation pit behind the
abutment, and replace it with concrete. The extent of the replace-
ment was prescribed in situ by the geologist in charge.

Good quality of the excavation operations and the primary lining
was proved also by the fact that the results of convergence measu-
rements carried out in the top heading remained within the range
prescribed by the design along the whole tunnel length. Both subsi-
dence and lateral displacement values did not exceed the values
allowed by the design.

In the side-wall area, from chainage 10 to 150m, the rock mass
was intensely interbanded by laminas to bands of graphite. This
geology affected negatively the work along the right side-wall, at
chainage 145m. The laminas to bands of graphite caused problems
already when the drill-blast operations for the bench excavation
were took place. Jamming of the string of rods ending even by its
devastation was commonplace.

The impact of the graphite presence was also apparent in the con-
vergence measurement results. While the measured deformation
values were lower than the values allowable according the structu-
ral calculations within a prevailing length of the tunnel, they excee-
ded the anticipated values up to 50% in locations with extensive
occurrence of graphite.

As of the end of February 2005, the progress on the Mald Huba
tunnel construction was as follows:

The tunnel excavation (complete cross section) was finished
along the whole length, including primary lining. Regarding the
mined section, re-profiling work was completed, as well as casting
of the strip foundations and invert. Rails were installed on the foun-
dation strips, forming a track for travelling platforms (one for pla-
cement of reinforcement, the other for application of intermediate
waterproofing layers) and travelling formwork. The commencement
of the casting of the final lining is scheduled for 12/5/2005.

ING. FRANTISEK KLOUBA, fklouba@subterra
Subterra, a. s.
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ROZLOUCENI S PROF. ING. MILOSEM BUCKEM, DrSc.,

vynikajicim odbornikem v oboru podzemniho stavitelstvi a dlouhole-
tym profesorem CVUT.

Profesor Bucek se narodil 14. 6. 1932 v Praze, maturoval na redlném
gymnéziu a v roce 1956 absolvoval konstruktivné-dopravni smér Fakul-
ty inZenyrského stavitelstvi CVUT v Praze. Po odchodu do praxe praco-
val jako stavbyvedouci u firmy Baraba, jejiZ ndpln urcila jeho celozivot-
ni odborny zdjem, kterym byly podzemnf stavby.

V roce 1959 zalal pusobit jako pedagog na své materské fakulté, kde
se po vzniku katedry geotechniky stal odbornym asistentem u prof.
J. Straky. Po absolvovdni védecké pripravy obhdjil v r. 1966 kandidat-
skou disertacni praci a v roce 1974 docentskou habilitaén{ prci. Védec-
kou hodnost doktora véd ziskal v r. 1986 po obhdjeni disertaini prce
,,Bezmomentovd stfednice osténi podzemnich staveb® a v roce 1990 byl
jmenovan profesorem pro obor podzemnich staveb.

Prof. Bucek patfil aZz do svého odchodu na zahrani¢ni angazma
k vyraznym osobnostem stavebni fakulty. Tticetiletd pedagogickd praxe
byla velmi plodnd, byl spoluautorem 13 vysokosSkolskych skript, jeho
prednédsky byly velmi oblibené, vztah ke studentim byl prikladné
ndro¢ny a soucasné lidsky chdpajici. Mnoho aktivnich geotechnickych
odborniku si dodnes poklddd za Cest, Ze byli jeho Zdky &i védeckymi
aspiranty.

Ve védecko-vyzkumné Cinnosti byly jeho aktivity zaméfeny prede-
v§im na problematiku statického feSeni osténi podzemnich staveb, svor-
nikové vystroje & matematického modelovédni napéto-deformacnich
stavii masivu pii razbé podzemniho dila. Utastnil se projektové a sta-
vebni piipravy Strahovského tunelu, dédle feSeni tlakového pusoben{
vysypek SHR na odvodnovaci tunelové konstrukee, zicastnil se tvorby
koncep¢niho feSeni prazské podzemni drdhy a byl téZ spoluautorem
ndvrhu prvniho prazského halového podchodu na Véclavském ndmésti.
K témto oblastem se také vztahuji desitky Casopiseckych ¢ldnkd a piis-
pévka ve sbornicich védeckych konferenci u nds i v zahranici.

Prof. Bucek byl uzndvanym odbornikem pro oblast podzemnich sta-
veb a zpracoval stovky studif, odbornych posudka a statickych vypodta
pro investorské, projekéni i dodavatelské organizace v CR. Tento zdjem
o praxi jej také vedl v roce 1991 k pfijeti zahrani¢niho angaZmd na stav-
bé ddlni¢niho tunelu Salatin v Turecku, kde pusobil dspésné jako expert
témér deset let. Po ndvratu domu se jiz nevratil na stavebni fakultu, své
bohaté zkuSenosti viak vénoval feSeni praktickych kol u firmy Metro-
stav a. s., kterd se vyznamné podili na soucasné podzemni vystavbé
v Ceské republice. Zi&astnil se prace v CTuK ITA-AITES a vénoval se
téZ publikaéni Cinnosti v Casopise Tunel, o ¢emZ svédéi jeho vyborné
odborné ¢lanky inspirované jednak jeho zkuSenostmi z Turecka
(€. 3/2004, 1/2005), jednak z vystavby jednolodni stanice metra v Koby-
lisich (¢. 4/2004). Tunel Klimkovice patfil k poslednim objektim jeho
odborného zdjmu.

Prof. Bucek po sobé zanechal rozsdhlé a hodnotné dilo, které oboha-
tilo teoretickou i praktickou oblast podzemniho stavitelstvi a zustdva
Zivé v jeho Zacich, spolupracovnicich i konkrétnich podzemnich dilech.
Odesel v ném Clovek vzdélany a mimorddné pracovity, neokdzale
skromny a nesmirné pritelsky ke svému okoli. Jeho Siroky dsmév bude
moc chybét viem, kdo méli to $tésti ho poznat.

PROF. ING. JIRI BARTAK, DrSc.

A FAREWELL TO PROF. ING. MILOS BUCEK, DrSc.

Milos Bucek, an outstanding expert in the field of underground enginee-
ring and long-standing professor at the Czech Technical University, was
born on 14 June 1932 in Prague. He received his higher certification at
grammar school, and in 1956 graduated from the Czech Technical Univer-
sity in Prague with a degree in civil engineering from the Department of
Civil Engineering and Traffic Structures. His lifelong interest, underground
construction, was determined by his first job, which was with the renowned
company Baraba.

In 1959 he started to work as a teacher at his Alma Mater, where he beca-
me a fellow at the newly established department of geotechnics, reporting to
Prof Straka. In 1966, after passing the scientific preparation, he successful-
ly finished his CSc thesis, and, in 1974, also the docent thesis. He was gran-
ted the DrSc academic degree in 1986 after finishing a thesis entitled
“Moment-free centre line of underground structure lining”. In 1990 he was
appointed professor in the subject of underground engineering.

Prof Bucek belonged among outstanding personalities of the faculty of
civil engineering till accepting a job abroad. His thirty years of teaching acti-
vities were truly fruitful. He was a co-author of 13 university standard texts.
His lectures were very popular, and his relationship with students was exem-
plarily, demanding and, at the same time, with a human touch. Many active
geotechnical professionals deem it an honour to have been his students or
fellows.

His scientific and research activities were focused predominantly on the
problems of structural analysis of the lining of underground structures, rock
bolt excavation support or mathematical modelling of stress-strain states of
rock mass in the course of underground excavation. He participated in the
Strahov Tunnel design and construction preparation and in the solution of
the problem of mine dumps induced pressures acting on a drainage tunnel
structure. He contributed to the solution of the conceptual design of the Pra-
gue metro, and was a co-author of the first large-span subway in Prague,
under Wenceslas Square. These are the fields covered by tens of his maga-
zine articles and papers published in scientific conference proceedings in
our country and abroad.

Prof Bucek was a renowned expert in the field of underground enginee-
ring. He carried out hundreds of studies, expert opinions and structural ana-
lyses for investment, design and construction companies in the CR. His
interest in the practical application was also the reason why he accepted
a foreign engagement, on the Selatin highway tunnel construction in Turkey,
where he worked as an expert for nearly ten years. When he returned home,
instead of going back to the faculty of civil engineering, he dedicated the
wealth of his experience to solving practical problems in Metrostav a. s.,
which is a company contributing significantly to the current underground
construction in the Czech Republic. He participated in the activities of the
CTuC ITA-AITES. The technical papers inspired by his experience gained
in Turkey (No. 3/2004, 1/2005) and in the construction of a one-vault metro
station in Prague-Kobylisy (No. 4/2004) were excellent. The last subject of
his professional interest was the Klimkovice Tunnel.

The extensive and valuable work which Prof Bucek left behind enriched
both the theoretical and practical field of underground engineering. It is
living in his students, colleagues and tangible underground structures. We
will remember him as an intelligent and extremely dedicated, unpretenti-
ously unobtrusive and friendly man. His wide smile will be missed by all of
us who were so lucky to know him.

PROF. ING. JIRI BARTAK, DrSc.
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ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

VOKD, A.S., V PODZEMNIM STAVITELSTVI VE SPANELSKU

In the following text, Mr Cerveny informs about the activities of the
Czech company VOKD, a. s. in underground construction projects
in Spain.

ODVODNOVACI STOLA V GALICII

Vyrazend odvodnovaci §tola bude slouZit pro odvodnéni &ésti
povrchového dolu Meirdma. Na tomto dole se téZi lignit, ktery dul
vyuzivd ve své elektrdrng, a elektricky proud je doddvan do oblasti
Galicie. Provedené dilo se nachdzi v Cercedé v blizkosti méstecka
Meirdma a nedaleko je La Coruna.

UDAJE O STAVBE
Nazev:

Lokalita:

Investor:

Zhotovitel stavby:

Odvodnovaci Stola

Cerceda, Meirama, La Coruna

LIMEISA - Lignity v Meirdmé

EOSA 2002, a. s. (Cesko-$panélskd dcefind
spole¢nost VOKD, a. s.)

Zahdjen{ stavby: 7.7.2003
Ukoncenf stavby: 31.8.2004
Délka Stoly: 660,5 m
PARAMETRY DiLA

Odvodnovaci §tola je vyraZzena v profilu 450 °C (Spanélské znace-
ni), prifez dila 13 m?. VyztuZ dila se pfi razbé piizptsobovala kon-
krétnim geologickym podminkam. Cést dila se vyrazila pomoci hnané
vyztuze, ¢ast dila je v TH vyztuzi o vahovém stupni 21. Pfi tomto
zpusobu vyztuZoviani se jako paZeni pouZivaly plechy Bernold a vice-
vylomy se zaklddaly dfevem a vie se zabetonovalo. Cést dila byla
vyraZena jen ve svornikové vyztuZi.

Celé dilo bylo po obvodu vyztuZeno stitkanym betonem. Podva vyz-
tuZené $toly byla na zdvér zabetonovéna.

RAZBA STOLY

Razba se uskute¢nila pomoci trhaci prace. Vrtdni vrtu bylo provadé-
no dvoulafetovym vrtacim vozem BWA-3, ktery byl vybran pro svoji
velikost do daného profilu. Mad vyborné manipulacni vlastnosti, je
samohybny na plnych gumovych kolech a pohdnény stlaenym vzdu-
chem. Na lafetdch byly osazeny vrtacky VKS-45-W.

K naklddani horniny a odtéZeni byly pouzity tfi nakladace typu
MAN GHH model LF4.1 o obsahu 1Zice 1,4 m3. Jedn4 se o nizkopro-
filové, avSak vysokokapacitni nakladace.

Pro moznost provadéni soubéZnych operaci se pro odtéZeni vyrazi-
ly v boku dila pfetéZovaci vyklenky o celkovém vylomu 359 m?.

Pro aplikaci stifkaného betonu byl nasazen strikaci stroj Mayco
Altera pro mokrou smés. Beton byl na stavbu privdZen autodomicha-
vaci, preCerpavan do malého autodomichiavace FIORI-DB 150, ktery
vjizdél do razeného dila. Tyto malé autodomichdvale maji obsah
bubnu 1,5 m? a vysku jen 2.4 m.

Prdce byla organizovédna ve 2 sménédch po 12 hodindch. V sobotu se
provadéla udrzba strojniho parku, prodluzovani kabelu, potrubi, hadic,
dpravy vétrani.

DALSI UDAJE

Pri realizaci stavby k zajiSténi vyraZeného dila bylo spotfebovéno:

— 1274 svornika o praméru 25 mm a délce 1,9 m

— 503 ks vyztuze 450 °C o vdahovém stupni 21

— 3064 ks plechu typu Bernold

— 1 259 ks hnané vyztuze

— 1243 t dieva

- 963 m? stifkaného betonu

— 650 m? betonu na betondZ podlahy

- 972 m? svafovanych siti

ZAVER

Pii realizaci dila bylo nutné, s ohledem na Casto se ménici geologic-
ké podminky, prizpusobit jim i druh vyztuZze. S rychlosti realizace
odvodnovaci §toly a i s kvalitou byl investor velmi spokojen. Kvalita
byla denné kontrolovéna, a to nejen zdstupci investora, nybrZ i zku-
Sebnami, a vzorky zde pouzitych materidli byly odebirdny a zkouma-
ny v jejich laboratofich.

X '-.:"'.

Obr. 1 Portdl pro raZbu odvodriovaci Stoly

Obr. 2 Pohled na dokonceny portdl Stoly

Velmi priznivou pro nase dalsi po¢indni se stala skute¢nost, Ze dilo
si prohlédli i dal§f investori. Je dobrou vstupenkou pro nase dalsi puso-
beni ve $pan¢lském podzemnim stavitelstvi.

SILNICNi TUNEL DE LACABE (NAVARRA)

Pro zlepSeni dopravni infrastruktury ve Spanélsku je nutné vyrazit
velké mnoZstvi tuneld. Jednim z nich je i tunel De Lacabe. Je vyraZen
v hofe Carrovide a je soucdsti komunikace NA - 2040 mezi misty Arce
a Oroz Betelu.

Préce provadéla EOSA 2002, a. s. (dcefind spole¢nost VOKD, a. s.)
jako subdoddvku pro ACS Proyectos, Obras y Construcciones, a. s.

UDAJE O STAVBE

Nazev: Silni¢ni tunel

Lokalita: Arce — Oroz Betelu, Pamplona

Investor: stit, subdoddvka pro ACS Proyectos, Obras
y Construcciones, a. s.

Zhotovitel: EOSA 2002, a. s. ( Cesko-Spanélskd dcefind
spole¢nost VOKD, a. s.)

Zahdjenf stavby: 06/2003

Ukoncenf stavby:  06/2004

Délka tunelu: 740 m

RaZzba hornf lavky: 08/2003 — 02/2004

PARAMETRY DiLA

Vyrazeny tunel je urcen pro dva silni¢ni pruhy, kazdy 3.5 m Siroky
s okrajnicemi 1 m a chodnikem 1 m po obou stranach. Jizdni profil
umozni jizdu ndkladnich aut a kamiont s nakladem do vysky 5 m.
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Obr. 3 Pohled na portdl tunelu De Lacabe

RAZBA TUNELU

Vylom tunelu byl provadén pomoci trhaci préace. K vrtdn{ vyvrtu se
pouzivaly dva dvoulafetové vrtaci stroje Jumbo Paramatic. Naklddan{
se uskute¢nilo 2 nakladaci CAT 950 a odvoz horniny zajistovaly
4 nédkladni ,,dempry“. K vylomu byly na stavbé rovnéZ pouZzity rypad-
la CAT-320 s vyménnymi prvky.

Vlastni razba byla provedena na dvé lavky tak, Ze 740 m horni ldvky
bylo vyraZeno za 7 mésicu s prumérnym mési¢nim postupem 105 m.
Pribirka spodni lavky se realizovala za ¢tyfi mesice veetné sekundar-
niho ndstriku.

Tunel byl raZen se stoupanim 2 %.

Razba horou Carrovide probihala v misty slinitymi eocennimi
vépenci. V téchto oblastech se tvorily kaverny.

Pri vlastn{ realizaci byly pouZity ze Sesti navrZenych typu tyto &tyfi
zpusoby raZeni a zpeviovani tunelu:

Typ €. 1 — navrZeny do mist s geologickymi poruchami. Ocelové
lepené svorniky o 1=15 m, 21 ks po obvodu dila a vylom pro postup do
1,5 m (z toho 4 svorniky se kotvily ve spodni ldvce). Mrizka byla
Ix1m.

Typ €. 2 — pro postup dila od 1,51 do 2,5 m s 15 lepenymi svorniky
o1 =5 m po obvodu dila (rovnéz 4 ks se kotvily ve spodni ldvce)
v miizce 1,5 x 1,5 m.

Typ ¢. 3 — pro postup dila nad 2,51 m s 11 lepenymi svorniky
01 =4 m po obvodu dila v horni ldvce v mfiZce 2 x 2 m.

Obr. 4 Pohled na éelbu pri razbé kaloty tunelu

Typ ¢. 4 — rovnéZz pro postup nad 2,51 m s 9 lepenymi svorniky
0 1=3 m po obvodu dila v horni ldvce v mfizce 2,5 x 2,5 m.

O typu bylo rozhodovano podle konkrétnich geologickych podmi-
nek. Pfevaznd &4st tunelu je provedena podle typu &. 3 a 4.

Ke kotveni byly pouZity ocelové svorniky znacky AEH 500 S o pru-
méru 25 mm s ocelovou plotni¢kou 150 x 150 mm a tloustky 10 mm.

Po provedeni primdrniho osténi stiikanym betonem se odvrtaly
vyvrty pro svornikovou vyztuz.

Sekundérni ndstik projektovaného betonu HP 250 se provedl po
vylomu spodni lavky.

Vjezd do tunelu jako i vyjezd byly vyztuZeny ocelovou vyztuzi
THN-29 rozeprenou ocelovymi rozpinkami s obloZenim plechy
Bernold.

Zéapadni portdl, z kterého probihala razba, byl zajistén 15 m dlouhy-
mi kotvami, ocelovou mifZovinou a stfikanym betonem. Toto zajiSténi
muselo byt prodlouZeno az na 32 m z divodu objeveni jeskyni a sesu-
ti terénu.

Vychodni portal, do kterého se tunel prorazel, byl zabezpelen
18 m dlouhymi kotvami, ocelovou mfiZovinou a stffkanym betonem.

ZAVER

Vyrazeny tunel byl realizovan ve velmi dobré kvalité a k pIné spo-
kojenosti ACS Proyectos, Obras y Construcciones, a. s. Stane se sou-
¢asti nového tseku silni¢nf sité¢ od mista Arce do Oroz-Betelu, ktery
ma délku 8200 m. ING. MILAN CERVENY,VOKD, a . s.

SMERNICE EVROPSKEHO PARLAMENTU A RADY 2004/54/ES O MINIMALNICH BEZPECNOSTNICH
POZADAVCICH NA TUNELY TRANSEVROPSKE SILNICNI SITE — SOUCASNY STAV JEJIHO ZAVADENI V CR

Mr Ludvik Sajtar, CR’s representative in the EU Committee on safe-
ty in road tunnels, informs about the Directive 2004/54/ES of the
European Parliament and of the Council, on minimum safety require-
ments for tunnels in the Trans — European road network, and on the
status of its implementation in the Czech Republic.

Smérnice 2004/54/EC EU byla vyddna 29. dubna 2004, shodou
okolnosti pravé dva dny pred vstupem CR do EU. Vydani této smérni-
ce predchdzelo nékolikaleté obdobi diskusi o koncepci i podrobnos-
tech obsahu smérnice. K diskusim komise pro pfipravu smérnice bylo
zvéno také Ministerstvo dopravy CR (MDS CR). Jeho zéstupci, pokud
se jednani zacastnili, vzhledem k malému poctu tuneli na pozemnich
komunikacich v CR, neovliviiovali jeji zpracovéani. Koncepce smérni-
ce a jeji podrobnosti byly uréovény alpskymi zemémi, tedy jen zemé-
mi s nejvétsim poctem silni¢nich tuneld na dzemi Evropy, jak v pro-
vozu, tak i ve fdzi vystavby a piipravy.

Pro kontrolu zavadén{ smérnice ustanovila Evropska komise ,,Vybor
pro bezpecnost silni¢nich tuneld*. Ministerstvem dopravy CR byl zastu-
povanim Ceské republiky v komisi povéfen pan Ing. Ludvik Sajtar ze
spole¢nosti SATRA, spol. s r. 0. Do f{jna leto$niho roku se uskute¢nila
dvé zaseddni vyboru. Ustavujici schiize vyboru se konala dne 18. 11.
2004. Na této schuzi bylo dohodnuto ¢lenskymi stity EU prizvat do
vyboru i Norsko a Svycarsko, piestoze nejsou &lenskymi zemémi, ale
patii mezi zemé s vysokym poétem tunelovych staveb na silni¢ni siti.
Zéroven byla prijata nabidka Svétové silni¢ni asociace na odbornou
pomoc jejiho technického vyboru TC 3.3. Provoz silni¢nich tunelu,

ktery se danou problematikou dlouhodobé zabyv4. Prvni z tikolu TC 3.3
je posouzeni metod a metodik pouZivané rizikové analyzy v jednotli-
vych ¢lenskych zemich. Do 30. dubna 2009 mus{ komise zverejnit zpra-
vu o praxi uplatiiované v ¢lenskych stéitech, a v pripadé potfeby navrh-
nout pfijeti spole¢né harmonizované metodiky analyzy rizik.

Rada Clenskych zemich (napf. Francie, Némecko) uvedla, Ze
v rdmci jejich legislativy se bude smérnice vztahovat i na tunely, které
nejsou soucdsti TERN. Podle navrhu zmény zdkona ¢. 13/1997 Sb.,
O pozemnich komunikacich, by se také v CR méla tato smérnice vzta-
hovat na vSechny silni¢n{ tunely del$i nez 500 m.

V kvétnu leto$niho roku se uskute¢nilo druhé zasedani vyboru. Na
tomto vyboru byly pfijaty za ¢leny Norsko a Svycarsko, oviem bez
hlasovaciho prava. Byly projedndny pripominky ¢lent Vyboru k pro-
bihajicimu projektu hodnoceni bezpe¢nosti silni¢nich tunelt EuroTap,
jehoZ koordindtorem je automotoklub ADAC, a ktery je financovédn
EU. Podle ndzoru ¢lent vyboru, vysledky projektu EuroTap neodpovi-
daji v mnoha pripadech skute¢nému stavu bezpe€nosti a jejich zvetej-
néni muZe dezinformovat uZivatele.

Dle ¢lanku 18 Provedeni musi ¢lenské stity uvést v ticinnost pravni
a spravni predpisy nezbytné pro dosaZeni souladu s touto smérnici do
30. dubna 2006 a neprodlené sdélit komisi znéni téchto predpisu
a srovndvaci tabulku mezi témito predpisy a touto smérnici.

JAKA JE SOUCASNA SITUACE V CR

Prvnim a zdkladnfm pfedpokladem zavedeni této smérnice byl jejf
preklad do Ceského jazyka. Ve spoluprdci Uradu vlady CR, ministerstva
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dopravy a tunelové sekce Silni¢ni spole¢nosti byl Cesky oficidln{ preklad orgédnl, &lenli zdchrannych sloZek a zaméstnancti konzultadnich firem.
uverejnén na oficidlnim EC v kvétnu letosniho roku. Druhym predpo- Projekt fes{ tym slozeny z odborniki spolecnosti ELTODO EG, Klokne-
kladem je legislativni zaklad pro aplikaci smérnice. Névrh dpravy ziko- rova dstavu CVUT, spole¢nosti KYBERTEC a SATRA, tunelové sekce
na, ktery stanovi platnost smérnice pro viechny silnicni tunely v CR | gjlni¢nf spolecnosti za aktivni dasti objednatele SFDI, zdstupce odboru
deli nez 500 m, je pfipraven, a v soucasné dobé ma byt zaClenén do pro- pozemnich komunikaci MDS CR a pii spoluprici provozovateld silni¢-
jednavané zmény zdkona ¢. 13/1997 Sb., O pozemnich komunikacich. nich tuneld TSK, RSD a Brnénskych komunikaci.
JAKA JE SITUACE V NASICH NORMACH, PREDPISECH JAKE JSOU DULEZITE TERMINY A CO JE NEZBYTNE
TECHNICKYCH PODMINKACH Z POHLEDU TETO SMERNICE V NASLEDUJICIM ROCE REALIZOVAT:

Z hlediska prostorového uspordddni, pozadavka na staveni Do 30. dubna 2006
a konstruk&ni feSeni a pozadavku na technologickou vybavenost se dd @ Clenské stity uvedou v Géinnost pravni a nezbytné spravni pred-
konstatovat, Ze nade piedpisy jsou v mnoha pripadech piisn€jsi nez pisy pro dosaZeni souladu s touto smérnici a neprodlené sdéli
smérnice EU. Vzhledem k tomu, Ze zdkladn{ norma pro projektovani komisi znéni t&chto predpisi a srovndvaci tabulku mezi témito
tunelt pozemnich komunikaci CSN 737507 prochdzi aktualizaci, jsou predpisy a touto smérnici (¢lanek 18);
v nf zapracovdny vechny poZadavky smérnice. @ Clenské stity ozndmi komisi ndzev a adresu ,,Spravniho orgdnu‘

To, co smérnice prinasi nového, je zajisténi vysoké drovné manage- (¢lanek 8 odstavec 1);
mentu bezpecnosti po celou dobu Zivotnosti tunelu, a to od prvnich @ na tunely, jejichZ projekt nebyl do tohoto data schvilen pFislus-
projektovych stupiidi, po celou dobu jeho provozovini véetné moder- nym odpovédnym spradvnim orgdnem se vztahuji pozadavky této
nizaci a rekonstrukei. K tomuto uc¢elu musi byt ustanoveny spravni, smérnice (&lanek 9 odstavec 1);
inspekéni a bezpeCnostni orgdny a zdroven vytvoreny ndstroje, pomo- @ v piipad¢ tunelu, jejichz projekt je schvdlen, ale které nejsou
ci kterych budou svoji ¢innost vykondvat. Zdkladnim ndstrojem pro k tomuto datu je$t€ v provozu, posoudi spravni orgdn soulad
management bezpeCnosti silni¢nich tuneld se stdvd ,,Bezpecnostni s pozadavky této smérnice s prihlédnutim k bezpe¢nostni doku-
dokumentace. Smérnice stanovi rozsah a obsah dokumentace i zpu- mentaci (¢lanek 10 odstavec 1).
sob jejtho zpracovdni, projedndvdni a schvalovani i podminky, za kte-
rych je nutno dokumentaci aktualizovat. 30. Fijna 2006

V rdmci projektu ISPROFOND 5006210025 ,,Rizika silni¢nich tunelu @ do tohoto data posoudi spravni orgdn soulad provozovanych
podle smérnice EU*, financovaného SFDI, se v tomto roce Tesi zdkladni tunelu s touto smérnici k 30. dubnu 2006 (¢ldnek 11 odstavec 1);
otdzky tykajici se obecnych zdsad managementu bezpecnosti, teoretické @ cClenské stdty vypracujf pldn, ktery obsahuje ¢asovy pldn postup-
otazky a praktické metody a metodiky rizikové analyzy, véetné softwa- ného uplatnovani této smérnice pro provozované tunely ve smys-
rovych produkti a nezbytné terminologie z oblasti rizik a bezpecnosti. lu ¢lanku 11 (¢ldnek 15 odstavec 2).
Vysledkem tohoto projektu budou materialy vhodné pro vyuku a Skolen{ ING. LUDVIK SAJTAR, SATRA s. r. 0., zdstupce CR ve vyboru
jak pracovnikt spravcu tuneld, tak pracovnika spravnich a inspekénich EU pro bezpecnost silniénich tunelu

ODBORNA TUNELARSKA TERMINOLOGIE II./PROFESSIONAL TUNNELLING VOCABULARY I

Prof Jifi Bartdk, DrSc, prepared the second instalment of technical Podstatnym piinosem v terminologické oblasti se staly az v obdobi po
tunnelling terminology used in the Czech Republic. His text is designed druhé svétové vélce publikace tehdejSich vyznamnych tuneldrskych
to arouse a discussion among Czech professionals on the terms to be odbornikut — Ing. J. Sedlécka, prof. J. Straky a prof. J. Streita. Nutno kon-
used, considering the tradition and the existing state of underground statovat, Ze v rozsdhlém odborném dile t€chto piliia naseho podzemniho
construction. stavitelstvi se bez vyjimky pouziva pro konstrukce stabilizujici podzem-

ni vyrub termin vystroj, a to jak pro docasnou (vydrevu, ocelova Zebra,

Ve druhém pokracovani ndzvoslovné rubriky se obratime k samym svorniky, stifkany beton), tak pro trvalou (tubingy, dilce, monolitickd
zakladim odborné tuneldrské terminologie. A kupodivu i zde se vysky- osténi, obezdivky). Tento termin prevzaly i specidlni pfirucky tunelaf-
tuji problémové vyrazy, k nimz je Zddouci zaujmout stanovisko — nejpr- ského ndzvoslovi, vzniklé u nds v 80. letech dvacdtého stoleti, a také vét-
ve od autora této rubriky, a pot€ i od vas, ¢tenara Tunelu, jimZ i zddnlivé Sina stiedoskolskych i vysokoskolskych ufebnich textu, starSich i sou-
drobné cizelovani nasi profese neni lhostejné. Casnych.

Zpusob vystavby podzemnich objektd, pii némZ nedojde k odstranéni Valnd &ist absolventli stavebnich fakult CVUT v Praze a VUT v Brné
nadloZi, se nazyva tunelovdni. Tunelovani zahrnuje veskeré prace spoje- pouZzivd tento termin v praxi podzemniho stavitelstvi v uvedeném smys-
né s vytvorenim projektovanych podzemnich prostor a zaji§ténim jejich lu jako zcela vzity a jednoznacény. Oproti tomu vyzfuzZ je termin, ktery
stability, jak v prubéhu provadéni, tak za provozu béhem Zivotnosti dila. spadd predevsim do stavitelstvi betonového a znamend armaturu, kterd je

Hlavnimi pracovnimi operacemi pfi tunelovani tedy jsou: podstatnou soucdsti Zelezobetonovych konstrukci; kromé nehezkého

— raZenit (t€Z raZba) — ¢innost spojend s rozpojenim, naloZenim, odvo- slova ,,vlozka* nemd v betonovém stavitelstvi termin vyztuz cesky ekvi-

zem rubaniny a docasnym  vystrojenim podzemniho dila, valent. Nutno konstatovat, Ze s vyztuZi (betondfskou) se velmi Casto set-

—trvalé vystrojeni — vybudovani definitivntho osténi podzemn{ kdvame i ve stavitelstvi podzemnim.

stavby. Ucinit z vySe uvedeného zdanlivé jednoduchy zéver ve prospéch ter-

V obou téchto podstatnych slozkdch tunelovéani se vyskytuje termin minu vyistroj jako zajistovaci konstrukce vyrubu v8ak neni namiste.
vystrojeni (v jinych souvislostech téZ termin vyistroj), ktery je, a to i ve velmi Diivodem je predeviim existence vyhlasky Ceského banského dradu
odborné fundovanych publikacich, Casto nahrazovéan terminem vyzauz. ¢. 55/1996 Sb. ze dne 7. Gnora 1996 o pozadavcich k zajisténi bezpec-

Jakd je pricina tohoto nesouladu, ktery v odborném textu pfi jasnych nosti a ochrany zdrav{ pfi préci a bezpe€nosti provozu pri ¢innosti pro-
souvislostech pravdépodobné nezpusobuje 7ddné problémy, nicméné vadéné hornickym zpusobem v podzemi. Tato vyhldska, kterd patif
v diskusi, zdpisech a protokolech miize vést k neZadoucim nepresnostem k zdkladnimu legislativnimu vybaveni vSech odborniku, jejichZ ¢innost
prislusného sdéleni? souvisi s podzemnimi stavbami, md v § 2 ,,Vyklad pojmu‘ jednoznacné

Cesk4 odbornd tuneldfska terminologie je relativné mladd, soustavnéji definice:
byla dotvérena az po prvni svétové vilce, kdy bylo nutno v nové vzniklé — vyztuzZ (osténi) — soubor stavebnich prvku slouZzicich k zajisténi dila
republice urychlené vybudovat Zelezni¢ni spojeni s mnoha pozoruhod- v podzemi proti uvolnovani horniny, deformaci horskymi tlaky
nymi tunely mezi ¢eskymi zemeémi a Slovenskem s Podkarpatskou Ukra- a podobné;
jinou. Na vystavbé tunelt se podilela vedle nasich firem celd fada cizich — vystroj — veskeré vybaveni dila v podzemi potfebné pro jeho vystav-
specialisti, déIniku i techniku, takZe i ve vytvdfené Ceské terminologii bu a provoz.
zustdvalo mnoho termint nepivodnich, zkomolenych z némciny, italsti- Vsechna ustanoveni vyhldsky ¢. 55/1996 Sb., ¢ast druhd — veden{ dél
ny a chorvatstiny. U starych pilifovych soustav se vSak vesmés mluvilo v podzemi a podzemni sana¢ni préce — samoziejmé dusledné pouZzivaji
pouze o vydievé a obezdivce, kteréZto terminy uvedeny nesoulad uvedené terminy; jediné ocividné kolizi textu s béZnou betondrskou
neobjasnuji. vyztuZi se vyhlaska ¢. 55 v § 42 ,.Stfikany beton® vyhnula pouZitim
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terminu armovaci sit. Uvédomime-li si, Ze vyhldska ¢. 55/1996 Sb.
zahrnuje do své pusobnosti velmi Sirokou $kdlu podzemnich dél a sta-
veb (komentédr k vyhldsce jich vyjmenovévd 12 druht, které zahrnuji
témer vSechny podzemni stavby u nds existujici), pak terminologie
vyhlasky plati pro nasi profesi zcela obecné.

Polemika s banskym predpisem, tykajicim se vSech ¢innosti provadé-
nych hornickym zptisobem, neni namisté a navic by s velkou pravdépo-
dobnosti nebyla nic platnd. TakZe bude asi nutné nase stavarské zvyklosti
opustit a zalit disledné pouZivat terminologii citovaného bénského pred-
pisu, a to predev§im v pisemnostech nejriznéj$iho typu, jak je ostatné

Toel

beézné napr. v publikacich Vysoké Skoly banské — TU Ostrava a dalsich
instituci, zabyvajicich se stavarskou i hornickou tematikou. Termin vystroj
je v odbornych tuneldrskych textech velmi frekventovany v nejruznéjsich
spojenich, a tudiZ vyznam navrhované zmény je dosti podstatny.

Jistou pomoci pri opusténi mirné schizofrenntho stavu, kdy vyhlasku
¢&. 55 respektujeme, ale jeji zdkladni terminologii programové nedodrzu-
jeme, ndm muZe byt to, Ze hornictvi je oborem velmi blizkym tuneldfstvi,
jeho historie je v§ak podstatné bohatsi a i jeho terminologie je dostate¢né
presnd a ustédlend. V takovém pripadé neni od véci se poucit, pro mnohé
z nds pouze napravit. PROF. ING. JIRI BARTAK, DrSc.

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

54. GEOMECHANICKE KOLOKVIUM - SALCBURK (RIJEN 2005)

The paper contains a brief commentary on the course of the 54th
Geomechanical Colloquium held on 13 to 14 October 2005 in Salz-
burg, Austria. The professional level of this abundantly attended col-
loquium was very good, as usual. Owing to the organiser’s goodwill,
the CTuC chairman was allowed to deliver a short speech and invite
the audience to the WTC 2007 in Prague, and to call for the papers to
be submitted through the congress web pages www.wtc2007.org not
later than 15/2/2006.

Ve dnech 13. az 14. fijna 2005 se v rakouském Salcburku konalo
54. Geomechanické kolokvium. Jednd se o kazdoro¢ni vyznamnou
akci, na kterou piijizdi kromé mnoha odborniku z némecky mluvicich
zemi stdle vice G¢astnikd z ostatnich zemi. Kolokvia se letos zicastni-
lo skoro 700 osob. Také ti¢ast z Ceské republiky byla v§znamné vysii
neZ v roce 2005. Souldsti akce byla i vystava (stdnku bylo 39)
a v sobotu nasledovala exkurze (puvodné méla sméfovat na tunel
Traunkirche, ale poradatele z duvodu situace na stavbé nakonec uspo-
fddali exkurzi na tunel Kitschberg na délnici na Villach).

Témata kolokvia byla étyfi a kaZdému byl vénovdn jeden pulden.
Ke kazdému tématu bylo predneseno 7 prednések, vesmes velmi dobre
pripravenych. Kazdé predndsce bylo vénovéno i s kratkou diskusi cca
30 minut, coZ poskytlo predndSejicim dostate¢ny prostor k podrobné
prezentaci. Témata byla ndsledujici:

@ Vliv orientace struktury horniny (ploch nespojitosti hornino-

vého masivu) na razbu tunelu

@ Mechanizovana razba

@ Vliv podzemni vody na tunelovani v mékkych horninach

@ Poptavani projektovych sluzeb v geotechnice

PRISPEVKY K JEDNOTLIVYM TEMATUM:

Ad. 1

Vliv orientace ploch nespojitosti na chovani tunelu

Piispévek popisoval deformace tunelu pfi riznych orientacich ploch
nespojitosti. Vysledky pozorovdni na stavbach porovndval
s 2D a 3D matematickym modelovanim pri pouZiti podobné kombina-
ce parametru.

Vliv orientace struktury horniny pri razbé tunelu Strengen

Pfi razbé tohoto duleZitého tunelu na rychlostni komunikaci S16
z Insbrucku do Bregenz se projevily velké deformace, které byly nej-
veétsi v mistech, kde smér hlavnich ploch nespojitosti byl skoro &i
tipIné rovnobézny se smérem razby. Deformace dosdhly az cca 80 cm.
V této Cdsti tunelu vzrostla cena béZzného metru az pétindsobné oproti
zdkladni cené. Zdvér predpoklddd, Ze by volbou alternativni trasy,
kterd by v mensim rozsahu sledovala smér ploch nespojitosti, bylo
mozné snizit ndklady stavby.

Analyza charakteristickych deformacnich schémat v tunelu
Trojane ve Slovinsku

Tunel Trojane byl raZen ve velmi komplikovanych a riznorodych
geotechnickych podminkdch. V piispévku byly prezentovany Ctyfi
ruzné piipady charakteristické pro ur¢itou vyznamnéjsi délku razby.
Pro kazdy piipad byly uvedeny predpoklédané duvody pro konkrétni
chovdni horniny. V prvnim pfipadu byly napiiklad komentovany

neobvyklé podélné deformace 10 az 15 cm, které se projevily ve
120 m dlouhém tseku tunelu.

Razba pod malym thlem skrz poruchové zény

v hlubokych alpskych tunelech

Zacatek razby udseku Faido v gotthardském basickém tunelu se
Casové shodoval s prodlouzenim pfistupového tunelu. Pfi jeho prodlu-
Zovdni se zjistilo, Ze prakticky kolmo prochédzi dvéma poruchovymi
z6énami. Z toho vyplyvalo, Ze razby hlavnich tunelt multifunk&ni pod-
zemni stanice, kterd zde byla projektovdna, budou prochdzet témito
poruchami pod thlem mens$im nez 10°. ProtoZe tento prostor se
ukdzal jako maximalné nevhodny, muselo byt padorysné usporddani
stanice zménéno a jeji ¢dst byla odsunuta jiznim smérem mimo poru-
chové z6ny. Vlastni razba v poruchovych zénich byla velmi obtiZna,
t€zké vystrojeni bylo misty deformovéno tak, Ze nékteré tseky muse-
ly byt zmdhény.

Tunelovani v anizotropni horniné — zkusenosti

z useku Sedrun gotthardského basického tunelu

Prispévek se zabyval predpoklady a zkuSenostmi z razby v geotech-
nicky slozitém mezilehlém masivu Tavetsch.

Vliv struktury horniny na razbu pomoci TBM
Prispévek se zabyva vlivem miry poruSen{ horniny a orientace ploch
nespojitosti na razbu TBM.

Vliv struktury horniny na stabilitu hlubokého tunelu v Italii

(Vodni elektrarna Pont Ventoux)

Prispévek vyhodnocuje obtiZe pii razbé privodnich tunelt pro vodni
elektrarnu raZzenych z¢4sti TBM a z¢4sti pomoci trhacich praci.

Ad.2

Kmenovy sbéra¢ ve Vidni — EPB §tit v centru Vidné pod ri¢kou

Viden

Prispévek popisuje stavbu kmenového kanaliza¢niho sbérace s aku-
mulaéni funkci v centru Vidné. Tunel dlouhy 2,6 km byl raZzen ve
slozitych geotechnickych podminkéch a pod zéstavbou.

Tunelovani pomoci bentonitového stitu pod dunajskym kanalem

a pod Praterauen

Na prodlouZeni trasy metra U2 byl na dseku délky 1 750 m pouZit
bentonitovy $tit. Pfi malém nadloZ{ ve slozitych podminkéch byly pod-
chdzeny dunajsky kandl a silni¢ni mosty.

Razba mélkych tunelu na letisti Heathrow pomoci Stitu

o velkém pruméru

Pro stavbu 1,3 km dlouhého automobilového tunelu pod provozova-
nymi &astmi letist€ Heathrow byl vyroben §tit o pruméru 8,1 m firmou
Herrenknecht. Razba tohoto dvoutrubového tunelu souvisi s vystavbou
5. termindlu. NadloZi pfi razbé dosahuje pouze 0,5 a7 1,5 priméru
Stitu. Pri razbé se pozaduje vysokd bezpecnost vzhledem k provozu
letisté. Londynsky jil muZe obsahovat v trase i zvodnélé pis¢ité nebo
Stérkové polohy. Proto je $tit navrZen tak, aby mohl pracovat i s pre-
tlakem vzduchu na Celbé.

Kabelovy kolektor na hlavnim nadrazi v Grazu — Protlacovani
trub DN 3180 mm za otevienym Stitem
ZkuSenosti z razby 877 m dlouhého kolektoru v piscitych a Stérko-

vych sedimentech nad hladinou podzemni vody.
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Gotthardsky basicky tunel, severni ¢ast — zakazka Amsteg — Rozsiteni na kone¢ny profil mezi dvémi §titovanymi troubami bylo

Razba TBM ve skalnich horninach z pohledu dodavatele provedeno konvenéni metodou. Pfitom hladina podzemni vody zde

Zakéazka Amsteg zahrnuje usek délky 11,35 km, kde se razi pomoci sleduje hladinu feky Ryn a kolisd v rozsahu 6 m. Ochrana budouci
TBM dva jednokolejné tunely s plochou 71 m? a s raZenym profilem spodni klenby vyrubu byla zajisténa v predstihu pomoci zmrazovani
9,58 m. Razba probihd v geotechnicky pfiznivych podminkdch masi- provadéného ze $tol raZenych mikrotuneldzi.

vu Aar. ObtiZna je razba v poruSe Intschi a hor$i geologie se ocekdva

ey . . Tunel na silnici A19 ve Flimsu — odvodnovani horniny jako tech-
na jiznim konci masivu.

nicky problém

Razba useku Bodio gothardského basického tunelu Souddst{ stavby obchvatu zndmého turistického stiediska Flims ve
— Geotechnické a logistické problémy a jejich reseni Svycarsku jsou 2.9 a 0,5 km dlouhé tunely. Byly razeny v hornindch
Usek zahrnuje 2 x 30 km jednokolejnych tunelii raZenych z jednoho i zemindch ruzného charakteru s vyraznou pritomnosti vody. Velmi
mista a s nadlozim az 2 300 m. Soucasné se pracuje na 7 podzemnich obtiznd byla razba ve vodou nasycenych zemindch velkého sesuvu
staveniStich — najednou probihd razba zdpadni a vychodni trouby, nebo v jemnozrnych zemindch obsahujicich o¢ky zvodnélych pisku.
s odstupem se betonuje jejich definitivni osténi, razi se pri¢né spojo- Ve 2,2 km dlouhém dseku razby ve vépencich pusobily obtiZe vytoky
vaci tunely a betonuje se jejich definitivni osténi. To klade velké néro- vody z krasovych dutin. V zdvislosti na ro¢nim obdobi kolisal vytok
ky na organizaci préce, vétrani i logistiku a vyvolalo to také ndklady z portédlt od 100 do 1 000 I/sec. Tato voda odvadénd drendZnim potru-
ve vy§i 350 milionu $vycarskych frankl na zafizenf staveniSté a jeho bim i po dokonceni stavby bude ptivddéna na malou vodni elektrdrnu.
infrastrukturu. Stabilita ¢elby pri razbé Stitem pod rekami, které jsou ovlivio-
Compex — Support — Nova metoda razby tunela vany prilivem a ménicim se pérovym tlakem
v tla¢ivych hornindch pomoci TBM se segmentovym osténim Aktivni podpora Celby pfi razbé pomoci §titu zédvisi na vodnim
Prispévek informuje o vyvoji systému, ktery by pouzil stladitelnou tlaku, kterym podzemni voda pusobi na ¢elbu. Zvlastni pripad jsou
vypln mezi osténi z prefabrikétd a horou pii razbé pomoci TBM. Pro razby pod fekami, které jsou ovliviiovdny pfilivem a odlivem, jako
vypln se pfedpokladd pouziti malty, kterd po ztvrdnuti umozn{ stlace- byly tunely pod Labem v Hamburku, pod Temzi a pod Weserou.
nina 50 % puvodniho objemu. Koncept poufziti tryskové injektazZe pro razbu tunelu
Ad.3 V udoli Innu pod Insbrukem probihd stavba vysokorychlostni Zelez-
Navrhovani sniZovani hladiny podzemni vody u mélkych tunelt nice. Tunely u Stansu a Fritzensu se budou razit pod pretlakem vzdu-
v zeminach — Zasady, geotechnicky pruzkum, vzijemné pusobe- chu v kombinaci s masivnim pouzitim tryskové injektdZe. Proti iniku
ni voda — zemina vzduchu se tryskovou injektdZi z povrchu také zfizujf pri¢né prepazky
Pi{spévek shrnuje nejduleZitéjsi kritéria pro navrh snizovén{ hladiny arazeny tunel se tim déli na jednotlivé ¢asti délky 20 m.

podzemni vody z pohledu bezpe&nosti razby tunell. Zkusenosti vycha-
zeji z masivniho pouZiti sniZovani hladiny podzemni vody i dodate¢-
nych opatieni pro odvodnéni elby a horniny pfed Celbou (napr. vaku-

Ad. 4 (zde uvddime pouze ndzvy prispévku)
® Vyznam vybérovych Fizeni zaloZenych na posuzovani kvality

- . < < P nabidky
ovéni) v heterogennich pomérech na stavbé trasy metra U2 ve Vidni. @ Kritické posouzent stavajicich pEistupi
Pouziti NRTM pod hladinou podzemni vody na stavbé ® Predpoklady spravného zaddvani
podzemni drahy v Mnichové @ Navod pro zadavani geologickych praci a vykonu
Riizné moZnosti, jak razit pomoci NRTM pod hladinou podzemni ® NéVIv‘hy a komentar k zadavani
vody a jak zabranit pfitoku podzemni vody &elbou tunelu, jsou popsé- @ Vybér a kritéria hodnoceni z pohledu kontrolniho orginu pro
ny podle zkuSenosti se stavbou metra v Mnichové (4 piiklady z posled- zadavani zakazek
nich 10 let. @ Zad4avani zakazek — pozadavky kvality, objektivity a duvéry

. @ Vyznam kvalitnich vybérovych rizeni
ReSeni smluvnich a cenovych problému vyplyvajicich z neoce-
kavanych obtiZi béhem razby ZAVER
Jedna se o obecny problém, kdy dodavatel je konfrontovan s odlis-

nymi geotechnickymi poméry oproti zaddni. To se tykalo také Zelez-

ni¢nich tuneld razenych v celkové délce 1740 m na tunelu Lainzer ve

Vidni. Piispévek doporucuje fesit odhad dodate¢nych nakladi analy-

zou tzv. ,learning curve* a porovnanim predpoklddanych a skute¢nych

Tradi¢né dobra kvalita prispévkl byla podtrzena diskusi ke kazdé-
mu prednesenému tématu. VSechny prispévky jsou publikovany
v &asopise Felsbau 5/2005. Zastupci CTuK informovali t&astniky
kolokvia o pfipravovaném kongresu WTC2007 v Praze a vyzvali pii-
tomné k poddvéni abstraktd na internetovych strankdch kongresu.

hodnot. Kolokvium je nejen dobrou piileZitosti k ziskani novych technickych
Stavba tunelu podél reky Ryn — severojizni trasa metra zkuSenosti, ale i spoleenskym setkanim odborniki z mnoha zemi.
v Koliné nad Rynem Vyuzili jsme proto prileZitosti a domluvili s rakouskymi kolegy moz-
Nejvetsi obtiZe zpusobila realizace piestupniho mista Bechergasse, nost postkongresovych exkurzi na tunelové stavby v Rakousku.

kde muselo byt pouzito nékolik metod vystavby v kratkém udseku. ING. MILOSLAV NOVOTNY, ING. LIBOR MARIK,

Priprava pro razbu §tity byla zabezpecena pomoci tryskové injektaze. ING. MARTIN SRB

SILNICNI KONFERENCE 2005 neprobihd Zadnd vystavba ddlnice nebo tunelu, ale problematika

vystavby dalSich dopravnich staveb na rychlostnich komunikacich ¢i

Mr Petr Vozarik, chairman of the Tunel magazine Editorial silnicich I a III tiidy je velmi Ziva.

Board, informs about the Road Conference 2005, which was held Na konferenci nebyla projedndvéna jen vystavba a rekonstrukce silnic,

by the Czech Road Society on 18 and 19 October in the well- ale také velmi vazné problematika tidrzby, kterd v tomto kraji je obzv1ast’

known resort town of Karlovy Vary. The attendance of professio- velmi zdvaznd, vzhledem ke klimatickym a morfologickym pomérim.

Zajem odbornikl o konferenci zase presdhl magické C&islo 800
a pocet vystavovatelu se ustdlil na &isle 72. Generdlnim partnerem
. . s konference byly Stavby silnic a Zeleznic, a. s., hlavnim partnerem
lopment of the highway and road network in the CR, and possibili- | yjerostay a. 5. Z dalsich Gastniki z okruhu ITA/ATES to byly SMP
ties of utilisation of PPP systems of funding the projects. CZ, a. s., Stavebni geologie, a. s., Metroprojekt, a. s., a ZS Brno, a. s.
V tvodnim bloku s projevy ndméstka ministra dopravy a predstavitelu

nals was high, exceeding 800; 72 exhibitors were present. Signifi-
cant items of the negotiations were the further advance of the deve-

NaSe partnerskd organizace Ceskd silni¢ni spolenost, ve které | regionu se odrézela jednoznaéna podpora vystavbé pozemnich komunika-
vykazuje vyraznou Cinnost také tuneldrskd sekce, uspofddala ve cf, kterd pro rozvoj regionu nenf jingm druhem dopravy nahraditelnd.
dnech 18. - 19. 10. 2005 v poradi uz 13. konferenci. Mistem konan{ Referdty byly ladény v poradi vlddou schvdlené dopravni politiky

byly tentokrat Karlovy Vary — hotel Thermal. Uzemné sice v oblasti CR ze dne 13. 7. 2005, ktera deklaruje:
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@ co stat musi (mezindrodni vazby a smlouvy)

@ co stdt chee (bezpecnost, udrZitelny rozvoj, ekonomika, ekologie,
verfejné zdravi)

@ co stit muze (finan¢ni aspekty)

Uz tradi¢né oCekdvané projevy reditele Stdtniho fondu dopravni
infrastruktury ing. Svagra a generalniho feditele Vystavby silnic a dél-
nic CR ing. Petra Lau§mana byly hlavné vénovany moznosti vystavby
a udrzby i zajisténi finan¢nich prostfedkt. Hlavni zdroj finan¢nich
prostiedku z privatizace postupné v nejblizsich letech ustane, je proto
nutné v drovni stdtni, politické i odborné reprezentace hledat jiné
formy naplnéni stability finan¢nich zdroju, aby byl plnén smély plan
vystavby, hlavné délni¢nich tahu, jejiZ priorita je nezpochybniteln4.

Pravé zajiStén{ vystavby ddlnic a rychlostnich silnic je hlavnim tiko-
lem RSD CR.

Z dulezitych dkolu této organizace bylo zduraznéno:

@ Precizovani systému zaddvédni vefejnych zakdzek dle zdkona
40/2004.

® Informacni podpora procesu a realizace ,.Jednotného systému
dopravnich informaci pro CR“, kam také patii projekt .Rizeni
tunel“.

@ Reseni neuspokojivé situace v legislativni pipravé, kdyZ v sou-
Casné dobé dosahuje lhity piipravy od dzemni féze po stavebni
povoleni 7 — 12 let.

@ Financovani zajisténi v rdmci Projektu vykonového zpoplatnéni
vybranych komunikaci v CR.

Co se bude prioritné stavét v roce 2006:

@ vystavba dalnice D1, D3, D5, D8, D11 a D47 v dopravné nejna-
1éhavéjsich tsecich;

VELETRH A SEMINAR IUT'05 LIVE

Mr Jiri Tvardek from VOKD a. s. informs about the IUT 05 LIVE
event, which took place on 14 and 15 September 2005 in a Hagerbach
testing facility near the Swiss town of Sargans.

Ve dnech 14. — 15. 9. 2005 se ve zkuSebnich Stoldch Hagerbach
pobliZ malebného Svycarského mésteCka Sargans konal veletrh a semi-
ndr IUT’05 LIVE.

V prvnich dvou dnech méli navstévnici veletrhu moznost zicastnit
se semindfe zabyvajictho se souCasnymi zajimavymi problémy
podzemniho stavitelstvi. Mezi nejzajimavéjsi predndsky beze sporu
patfil piispévek ing. Christofa Sangera na téma TBM — jednovrstvé
nebo dvouvrstvé segmentové osténi. Vechny prednasky byly velmi

@ vystavba silni¢niho okruhu R1 kolem Prahy a rychlostnich silnic
R6,R7,R35, R48, R52 a R55 také v nejnaléhavéjsich dsecich;
@ zlepSeni stavu mezindrodnich silnic a vystavba obchvatu mést

u silnic I tfidy;
@ feseni zdvadnych mostu.

Novym prvkem na konferenci byla deklarovana problematika silni¢nich
projekti PPP v Ceské republice, jeji pilotni projekty a piiprava. Pro nej-
blizsi obdobi 2007 — 2008 jsou to tseky na D3 Bogilec — Usilné a R52
Pohotelice — st. hranice CR. V t&chto tsecich nejsou tunelové objekty.

Jiz déle nez rok plati ,,Ndrodn{ strategie bezpecnosti silni¢niho pro-
vozu*“, jejimz cilem bylo razantni sniZeni po¢tu usmrcenych a zrané-
nych. Do této strategie patif i opatfeni fizeni v provozu tuneld, kterym
se zabyva tunelovd sekce Silni¢ni spolecnosti. V zdvéru referdtu viak
bylo konstatovdno, Ze bez komplexniho feSeni vSech oblasti, nejen ve
fézi vystavby a Gdrzby, hlavné viak v zapojeni vefejnosti, nelze dosdh-
nout uspokojivych vysledka.

Uz tradi¢né na konferenci ing. Tichy z ministerstva dopravy shrnul
technické normy, predpisy pro pozemni komunikace vydané nebo
novelizované v obdobi 2004 — 2005. V ndvaznosti na geotechnickou
problematiku se jednd o:

@ Technické kvalitativni podminky pro dokumentaci staveb PK

(TKP-D) Pragoprojekt kapitoly

7 Tunely, podzemni stavby a galerie revize 2005
@® Technické kvalitativni podminky staveb PK (TKP) kapitoly

24 Tunely rev. 2005
@ Metodicky pokyn systém jakosti v oboru PR (SJ-PK) tipIné znéni 2005
@® Technické podminky MD-PK

TP Bezpecnost v tunelech PK v¢. analyzy rizik Eltodo 2005

VL 5 Tunely PGP 2006

ING. PETR VOZARIK, Metrostay a. s.

zajimavé a jsou v plném znéni otiStény ve specidlni edici ¢asopisu
Tunnel IUT 2005.

Druhy den seminéfe prof. Alfred Haack (byvaly prezident ITA)
pozval vSechny ziCastnéné na svetovy tuneldrsky kongres WTC 2007
do Prahy. Pri té piilezitosti bylo prezentovano informaéni DVD vytvo-
fené pro potreby WTC 2005 v Istanbulu, které se setkalo s velkym
ohlasem.

Dne 16. 9. 2005 méli dcastnici konference moznost zicastnit se
technickych exkurzi:

® Amsteg (lsek vystavby Gotthardského bazového tunelu)

@® Uetliberg tunnel (obchvat Curychu)

@ Faido (tsek vystavby Gotthardského bdzového tunelu)

® Konference a veletrhu se zicastnilo asi 30 zéstupct z CR.

ING. JIRI TVARDEK, VOKD, a. s.

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA
TUNEL PANENSKA

K 8. fijnu byly kompletné ukonleny betonédZe definitivniho osténi
obou raZenych tubusu tunelu Panenskd. K poloviné f{jna 2005 probiha-
la vystavba hloubenych tseku pred jiznim i severnim portdlem. Na
severu je vybetonovdno 9 sekci levého hloubeného tunelu a 4 sekce
pravého tunelu. Pfed jiznim portdlem byla ukonena betondZ osténi
v délce dvou sekci na obou tunelech a prfipravuje se betondZ navazujici
galerie. Na obou portélech pred hloubenymi dseky se zacaly stavét pro-
vozné-technologické objekty a prilehlé pozarni nddrze.

TUNEL LIBOUCHEC

V levém (zdpadnim) dvoupruhovém tubusu byly zahdjeny betondr-
ské préice na definitivnim monolitickém osténi klenby tunelu. K polo-
viné fijna 2005 bylo vybetonovdno celkem 10 dvandctimetrovych
sekei. V predstihu pred bednicim vozem byly provddény mezilehl4 foli-
ovd izolace a zdkladové pasy. V sousednim pravém tunelu byly
ukonCeny razby po odtéZeni kaloty i jadra v délce 388 m. Propojeni
s hloubenym tsekem bylo provedeno v srpnu dotéZenim vychodn{
Casti severni portdlové jamy. Od jihu v této tunelové troubé probihala

CZECH REPUBLIC
THE PANENSKA TUNNEL

As of 8 October, the casting of the final lining of both mined tubes of the
Panenskd tunnel has been completed. As of the middle of October, the work on
the cut-and-cover sections before the southern and northern portals has been
underway. The casting of 9 sections of the left tube and 4 sections of the right tun-
nel tube has been finished. The casting of two sections of each tube has been com-
pleted before the southern portal, and the casting of the adjacent gallery is being
prepared. The work on operational and technological buildings and an adjacent
fire-protection reservoir started at both portals, before the cut-and-cover sections.

THE LIBOUCHEC TUNNEL

Concrete casting operations started in the left (western) double-lane tunnel
tube. The final in-situ concrete vault of the tunnel has been cast first. As of the
middle of October, a total of 10 twelve metres long blocks has been comple-
ted. The intermediate waterproofing membrane is installed and strip foundati-
on built in advance of the traveller formwork. The neighbouring right tube saw
the completion of 388m of tunnel excavation after the completion of the top
heading and core excavation. The eastern part of the northern portal excavati-
on pit was dug in August, thus the cut-and-cover section was interconnected
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betondZ zdkladovych pasu, kterych bylo vybudovéno k datu sepsdni with the mined section. Strip foundation has been cast in this tunnel tube, from
aktualit celkem 48 metrt. Na severnim portélu tohoto tunelu bylo mon- the south. A length of 48m of the foundation has been completed as of the date
tovédno bednéni pro betondZ klenby hloubené Césti tunelu. of writing this news. The vault formwork for the cut-and-cover section of the
tunnel is being assembled at the northern portal of this tunnel.
TUNEL KLIMKOVICE
Na dalni¢nim tunelu Klimkovice celkové délky témer 1090 m jsou THE KLIMKOVICE TUNNEL

razby z obou portdlu v plném rozbéhu. Z obou portdli brnénského The excavation of the 1090m long highway tunnel Klimkovice from both por-
i ostravského je provadéna razba kaloty a v odstupu pak stridavé odté- tals is in full swing. The top heading excavation, followed at a certain distance by
Zeni levého a pravého jadra. Na brnénském portdlu bylo vyraZeno na the core excavation (using a staggered left and right sequence) are proceeding
tunelu A k datu aktuality 322 m kaloty a na tunelu B pak 372 m. Obdob- from both the Brno and Ostrava portals. As to the Brno portal, 322m and 372m of
né na ostravském tuneldfi vyrazili 160 m, respektive 327 m kaloty. Tim the top heading excavation have been completed in the tube A and B respective-
byla jiz vyrazné piekrocena vice neZ polovina z celkové délky raZené- ly. Similarly, at the Ostrava portal, 160m and 327m of excavation have been finis-
ho tunelu. Navic na ostravském portdlu byla postavena betonovaci hed. This performance means that significantly more than a half of the mined
forma na zdkladovych pasech a vyarmovana prvni sekce klenby hlou- tunnel drive length has been finished. In addition, the installation of the vault
beného tseku tunelu. formwork on the strip foundation has been completed, as well as the placement of

the reinforcement of the first casting block of the cut-and-cover tunnel section.
NOVE SPOJENI — VITKOVSKE TUNELY

Zelezni¢ni tunely pro Nové spojeni jsou v pokroGilé fizi vystavby.

THE NEW CONNECTION — THE VITKOV TUNNELS

Probihaji razby jizniho i severniho tunelu z vychodniho portdlu. Jizni The rail tunnels for the New Connection are in an advanced construction
dvoukolejny tunel byl v kaloté vyrazen v délce 477 m, na levé strand phase. The excavation of the southern and northern tunnel tube from the east
jadra bylo dosaZeno délky 351 a na pravé pak 332 m. Severnf tunel byl portal is underway. The southern tunnel top heading excavation has been
vystrojen primdrnim osténim v délce 115 m a jadro bylo odtdZeno finished within a length of 477m; the left bench and right bench excavation
a zabezpeteno 85 m od portélu. Useky t&sné piilehlé k v§chodnimu por- reached 351 and .332m re.spectlvely. A length of I}Sm of the northern tun-
tdlu razené v technologické tf{dé 5a maji vybetonovanou spodni klenbu. nel tube has the primary lining, and the core excavation and support has been

completed up to a distance of 85 from the portal. The sections adjacent to the
TUNEL HNEVKOV II east portal (excavation class 5a) are provided with concrete invert.

Tunel Hnévkov II je situovany na nove rekonstruované a z<&asti pre- =
kladané Zelezni¢ni trati Zabfeh — Krasikov. K 7. 10. byla dokoncena THE HNEVVKOV . TUNNE!'
betond? definitivniho osténi klenby hloubenych dseku, takZe tunel byl The Hnévkov II tunnel is situated on the newly reconstructed and partly
v hrubé stavbé dokonden v celkové délce 486 m. Pied viezdovym por- relocated rail line Zdbreh — Krasikov. As of 7 October, the casting of the

tdlem (bli%e Hnévkova) bylo provadéno zasitovani skal v jeho blizkos- final lining of the vault in the cut-and-cover sections has been completed;
ti, na stran& vyjezdové se pak demontovala betonovaci forma. the carcass work has been therefore finished at a total length of 486m. The

rock slopes before the entrance portal (Hnévkov) are being covered with
TUNEL VALIK wire mesh; the formwork is being dismantled on the exit side.

Na obou tunelovych rourdch byla dokoncena betondz spodni mono- i
litické klenby. Na jizni tunelové troubé probihala betondZ klenby po THE VALIK TUNNEL .
desetimetrovych zétérech a v piedstihu byly provadény v proudu préice The casting of the invert has been completed in both tunnel tubes. The

na mezilehlé izolaci a armatufe definitivniho osténi. K poloviné f{jna vault is being cast in the southern tube (10m long casting blocks), with the

bylo vybet ino 225 330 1¢ délky razené &asti tunelu. N installation of the waterproofing membrane and placement of reinforce-
Y10 Vybetonovano mz m oele LTSy Tazenie sash e, a ment of the final lining carried out in advance. As of the middle of October,

severni troubé byla provadéna dprava primdrniho osténi pod mezileh- . C
lou izolaci. Na prazském portdlu byly dokonceny betondrské prace na %2511 out (%ftflhe to.tall ml?eq t”‘?f‘el)] lhengthr};ave bgetn fmlshceid.ﬂ”f he‘ Stl: rtfa(;e
hloubeném tseku tunelu v délce 30 a 25 m. Na rozvadovském portalu tnishing of the prumary lning 1 bewng performed 1o provide te substrate
< P Sy p oo for intermediate waterproofing. Concrete casting of 30m and 25m long sec-
se zacalo s betondz{ klenby jizniho hloubeného tubusu a probihaji prace . ¢ th q | tub he P | has been fini
na provozné-technologickém objektu a prilehlé pozdrni nadrzi tions of the cut-and-cover tunnet tubes at the Prague portal has been finis-
’ hed. The casting of the vault in the southern cut-and-cover section has

TUNEL BREZNO started on the Rozvadov portal side, and the work on the operational and
) ) ) ) technological buildings and an adjacent fire-protection reservoir continues.
Probihd raZzba jednokolejného Zelezni¢nitho tunelu z vyjezdového

drouzkovického portdlu sekvencni metodou. K datu sepsani aktuality bylo THE BREZNO TUNNEL
vyrazeno 185 m kaloty. Po odtéZen{ jadra a dna tunelu byl profil uzavien
protiklenbou ve vzdélenosti 179 m od portélu. S ohledem na kratkodobé
stabilni polohy jili je vlastni raZeni zaji$tovano 16,5 m dlouhymi ,,deStni-
ky* z 19 ks mikropilot, které se obnovuji vZdy po vyraZeni 12 m tunelu.
Celba je jisténa kratkym zatéZovacim klinem a v celém prafezu navic
systémem 32 ks lamindtovych kotev délky 16 m, které se osazuji prostii-

The single-rail tunnel is being excavated from the DrouZkovice exit por-
tal, using the sequential method. As of the date of writing this news, 185m of
the top heading excavation have been completed. Once the bench and bottom
excavation has been finished, the profile is being closed by the invert, at
a distance of 179m from the portal. With respect to the short-term stability of
~ . . NSATE s R clay measures, the excavation is supported using 19 pieces of 16.5m lon,
dané v poctu 8 ks vZdy po vyrazeni 4 zdbérovych kroku délky 1 m. can):)py tubes, installed every 12m ofpﬁle tunnel efcavagon. The face is secug—

o < red by a short supporting rock wedge, plus 32 pieces of 16m long glassfibre
PRUZKUMNA STOLA BLANKA reinforced plastic anchors distributed within the whole area of the face, instal-

Byla dokoncena razba severni priizkumné Stoly pod parkem Stro- led in a staggered manner, i.e. 8 pieces every 4m (4 rounds, Im long each).
movka v misté pavodni Slechtovy restaurace. Na zdkladé rozifené
potreby ozfejméni geologickych i hydrogeologickych podminek byla THE BLANKA EXPLORATION GALLERY
zahdjena razba vétve pruzkumné Stoly v trase budouci severni tunelové
roury pod korytem feky Vltavy. Z celkové délky 200 m bylo v polovi-
né fijna vyraZzeno 65 m. Razba probihala pii dodrZovani bezpe&nostnich

The excavation of the northern exploration gallery under the Stromovka Park
has been completed in the location of Slechta’s restaurant. A new branch of the
excavation started along the alignment of the future northern tunnel tube under the

oPatfem’ odsouhlasenych s OBU Kladno. Vzhledem k lokalnim vysky- Vltava riverbed to satisfy the needs for more detailed information on the geologi-
tum pevnych, ale rozpukanych poloh kremvencu byly pritoky ‘COdy na cal and hydrogeological conditions. About 65m of the 200m long drive has been
predku Stoly znacné, a proto byly provddény bezpeCnostni predvrty. completed. The safety measures approved by the OBU (regional bureau of mining)
Maximdln{ piitok z predvrtu dosdhl hodnoty 8 1 za sekundu. are implemented during the excavation. Water inflows at the face are high due to

. the occurrence of firm but broken quartzite layers. Safety pre-bores are drilled for
SLOVENSKA REPUBLIKA that reason. Maximum flow from the borehole has reached 8 1 per second.
TUNEL SITINA

Vystavba tunela pokracovala budovanim definitivnych tunelovych i
konstrukcif v oboch tunelovych rdrach. Prace na sekunddrnom osten{ THE SITINA TUNNEL
a chodnikoch s kdblovymi trasami prebiehali tak, aby umoznili budo- The tunnel excavation continued by erecting final tunnel structures in
vanie vozovky s cementobeténovym krytom v druhej polovici roku both tunnel tubes. The work on the secondary lining and walkways with
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2005. Betonaz krytu vozovky bude vykondvat spolocnost’ Skanska DS
v oktobri a novembri. Na december 2005 bylo pldnované odovzdanie
stavebnej pripravenosti pre montdZ technologického vybavenia, ¢o bylo
predpokladom moZného uvedenia tunela do skiSobnej prevadzky uz
koncom roku 2006. Vys$§im doddvatelom stavby je ZdruZenie Taisei —

Skanska, nominovanym subdoddvatelom technologického vybavenia je

Zdruzenie Taisei — Eltodo.

TUNEL BORIK

Na zdklade rozhodnutia Uradu pre verejné obstardvanie musel investor,
Nérodnd dialnicnd spolocnost, a. s., zrusit' a opitovne vyhldsit' uz
opakovand stitaz na zhotovitela prveho useku dialhice D1 Mengusovce —
Janovee, dlzky viac ako 8 km, ktorej sti¢astou je tunel Borik s dvomi tune-
lovymi rdrami dlzky cca 1 km. Nédklady na prvy dsek by sa mali podla
Nérodnej dialni¢nej spolo¢nosti pohybovat' medzi 4,0 az 4,7 mld. Sk.

TUNEL VISNOVE

Medzindrodnd sttaz na zhotovitela diani¢ného tseku D1 Lietavskd
Licka — Turany, ktory bude pilotnym projektom v systéme verejno-
stikromného partnerstva (PPP) by sa mala zacat koncom oktdbra tohto
roku. Podla vladou odobreného navrhu na financovania projektov for-
mou PPP, by mali stavebné ndklady bez dane z pridanej hodnoty na
tomto seku presiahnut 20 mld. Sk.

Dialni¢ny dsek md dlzku zhruba 30 kilometrov, z ¢oho priblizne 7.5
kilometra tvori tunel Visnové, ktory by podla aktudlnych informdcii
mal byt'vybudovany a uvedeny do prevadzky s dvomi tunelovymi rira-
mi vzhladom na ustanovenia Eurépskej smernice pre bezpe¢nost cest-
nych tunelov a aktudlne dopravno-inZinierske prognézy. Pre urcenie
¢asového harmonogramu vystavby pilotného projektu bude rozhodu;ji-
ci dsek Visnové — Dubnd Skala, ktory je najzloZitej$im tsekom vzhla-
dom na vystavbu tunelovych rir. . 5

ING. PAVEL POLAK, polak@metrostav.cz (CTuK)
ING. MILOSLAV FRANKOVSKY, frankovsky@terraprojekt.sk (STA)

Toel

cable ducts were organised with the aim of allowing the construction of
the roadway with cement-concrete pavement in the second half of 2005.
The road pavement will be cast by Skanska DS in October and Novem-
ber. The civil work should be completed to the extent allowing the instal-
lation of equipment to start in December 2005. This deadline is a prere-
quisite for starting the trial running of the tunnel at the end of 2006. The
main contractor for the construction is the Taisei — Skanska Joint Ventu-
re, the sub-contractor nominated for the supply and installation of equip-
ment is the Taisei — Eltodo Joint Venture.

THE BORIK TUNNEL

Based on a decision by the Urad pre Verejné Obstaravanie (public con-
tracting authority), the owner, Ndrodna dialni¢nd spolo¢nost’ a. s., was
forced to cancel the public competition and publish a new call for bids for
the first section of the D1 motorway from Mengusovce to Janovce. The
approximately 1km long twin-tube Borik tunnel is part of this over 8km
long section. According to the Ndrodnd dialni¢nd spolo¢nost, the cost of
this first section is anticipated to range from Sk 4.0 to 4.7 billion.

THE VISNOVE TUNNEL

The international tender proceedings for a contract for the D1 motor-
way section Licka — Turany, which will become a pilot project to be
implemented in the framework of the Public Private Partnership (PPP)
system, should start at the end of October 2005. According to the propo-
sal for funding PPP projects approved by the government, the constructi-
on costs without VAT should not exceed Sk 20 billion. The motorway
section is about 30km long, with the Vi§nové tunnel claiming 7km from
the total length. According to current information, the tunnel should be
built and commissioned with two tubes to comply with the European
Directive on Tunnel Safety and with current traffic engineering progno-
ses. The deciding factor for the determination of the time schedule of this
pilot project will be the Visnové — Dubnd Skala section, which is the most
difficult of all owing to the construction of the tunnel tubes.

ING. PAVEL POLAK polak@metrostav.cz (1 CTuk)
ING. MILOSLAV FRANKOVSKY , frankovsky@terraprojekt.sk (STA)

ZPRAVODAJSTVI CESKEHO TUNELARSKEHO KOMITETU ITA/AITES
CZECH TUNNELLING COMMITTEE ITA/AITES REPORTS

PRACOVNI ZASEDANI CTUK ITA/AITES

Pracovni zasedani CTuK spojené s exkurzi na tunel Klimkovice se
konalo ve stiedu 9. listopadu 2005. Vice informaci najdete na webo-
vych strdnkdch www.ita-aites.cz.

INFORMACE O STAVU PRIPRAVY ITA/AITES WTC 2007

Mr Georgij Romancov, the WTC 2007 Organisation Committee
Chairman, informs Czech readers about current status of this congress
preparation. Above all he mentions that a meeting of the Organisation
Committee took place on 8 and 9 September 2005, with ITA/AITES
General Secretary, Mr Claude Berenguier as a guest.

Important information:

@ new e-mail address of the secretariat of the WTC 2007 Organisa-
tion Committee: office-wtc2007 @ metroprojekt.cz

@ the deadline for submitting abstracts of papers for the WTC 2007
is 15 February 2006. The abstracts can be sent solely via the
congress web page www.wtc2007.org

® 2nd Circular, which was printed at the end of October 2005, will
be distributed all over the world (of course, it is also available on
the above-mentioned web page)

Organiza¢ni vybor kongresu spole¢né se spravou sdruZeni zasedal
ve dnech 8. a 9. zari 2005, tentokrat ve sloZeni roz§iteném o ¢leny Slo-
venské tuneldrské asociace a zC&asti za ucasti generdlniho sekretére
ITA-AITES, p. Claude Berenguiera. Zaseddni se uskutecnilo na
pozvani STA v Senci u Bratislavy, ve stfedisku firmy Doprastav. Text
zdpisu ze zaseddni je k dispozici na webu CTuK www.ita-aites.cz .

Vedle béznych zdleZitosti byly diskutovéany a konkretizovdny predev§im
otdzKy spojené s participaci STA na pripravé kongresu. Spoluprdce bude
mnohostrannd, a to zejména pii pripravé odborného programu ve veédecké
radé, v piipravé a realizaci postkonferen¢nich exkurzi i v celé fadé dalSich
oblasti v&etné finan&ni. Utast p. Berenguiera byla velmi podstatné zejmé-
na proto, ¢ mu bylo mozZné predloZit k odsouhlaseni nékteré duleZité

materialy, které byly k datu kondni zaseddni pfipraveny a jsou nyni verej-
né pristupné. Patif mezi né predevs§im 2. cirkuldr a webové stranky véetné
prihlaSovaciho formuldfe abstrakt pf“l’spékal. Pan Berenguier vyslovil
vSem ¢lenam OV uznani za dobry stav piipravy kongresu.

Dne 13. z4f1 se uskutecnila schuzka predsedy OV s predsedou CKAIT
Ing. Viclavem Machem. Bylo dohodnuto, Ze v tiskovych materidlech
vydavanych CKAIT bude mozné zvefejiovat informace o WTC 2007,
v bulletinech WTC bude umisténo logo CKAIT a jeji predstavitelé budou
spolupracovat pii propagaci kongresu jak mezi svymi Cleny, tak i v zahra-
ni¢i. Pracovnici, ktefi jsou zapojeni do pripravy WTC, jsou vetSinou sou-
Zasné autorizovanymi osobami mnohdy aktivné pasobicimi v CKAIT.
Z toho duvodu bylo konstatovano, Ze spolupréce a vzdjemna informova-
nost jsou v tomto sméru na vSech trovnich trvale velmi dobré.

Posledni ¢tvrtleti roku 2005 je ve znameni vyrazné akcelerace ¢innosti
védecké rady kongresu. Zacinaji dochdzet abstrakty prispévki — pripomi-
ndm, Ze je tfeba zasilat je vyhradné prostiednictvim webovych stranek
kongresu www.wtc2007.org, na nichZ je umistén digitdlni formuldr, a Ze
budou prijimany vyhradné v anglic¢tiné (stejné jako prispévky samotné
a vSechny ostatni prihldsky a prezentace). Kone¢ny termin pro jejich pri-
jeti je 15. dnor 2006. Zacal plné fungovat i sekretaridt organizaéniho vybo-
ru kongresu, jeho e-mailova adresa je: office-wtc2007 @metroprojekt.cz.

Koncem fijna byl vyti§tén 2. cirkulaf, ktery se v listopadu rozesle
viem &leniim CTuK, STA a dile do celého svéta. Je také k dispozici na
webové strance kongresu.

Zacatek roku 2006 bude opét ve znameni piipravy na svétovy kon-
gres, ktery bude tentokrét v jihokorejském Soulu. Je to ,,posledni sta-
nice® pred Prahou 2007, a tudiZ na ném bude vrcholit nase informac-
ni a propaga¢ni kampari. Organizalni vybor a dal$i zdcastnéni na pri-
pravé WTC 2007 proto véii, Ze viichni ¢lenové CTuK, STA, ale i celd
fada dalSich orgénu, organizaci i jednotlivcu, majicich zajem na dspés-
né propagaci na$ich republik jak po strdnce odborné, tak spolecenské
a turistické, ke kampani svym dilem prispéji.

ING. GEORGI] ROMANCOV, CSc.,
predseda OV WTC 2007 Prague
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DOPRAVNI STAVBA ROKU 2005

The ,, Traffic Construction of the Year* competition is organised
by ABF, a. s., annually in the Czech Republic. Four constructions
were awarded this title, with the Mrdzovka Tunnel on the City
Circle Road in Prague and the Optimisation of the railway line
Krasikov — Ceska Tiebové project containing 4 double-rail tunne-
Is among them.

SoutéZz Dopravni stavba roku 2005 je vyhlaSovédna spole¢nosti
ABF, a. s., za ti¢asti Ministerstva dopravy a spojii CR a Stdtniho
odbornou i laickou vefejnost s trovni dopravnich staveb a infra-
struktury. Stavby prihld§ené do soutéZe posuzuje odbornd porota
podle nékolika kritérii: ohleduplnosti k Zivotnimu prostiedi,
technické ndrocnosti, provedeni z hlediska uZivatele a také podle
efektivity stavby (finan¢nich a asovych parametri). Pro nomi-
naci bylo vybrdano 12 staveb. Z nich, bez nédroku na poradi, titul
ziskaly:

@ Rychlostni komunikace R 48, iisek Frydek-Mistek — Dobra

Investor: Reditelstvi silnic a ddlnic CR

@ Tunel Mriazovka (Méstsky okruh v Praze, tisek Radlicka —
Strahovsky tunel) Investor: Hlavni mésto Praha, odbor mést-
ského investora MHMP

©® Optimalizace tratového tseku Krasikov — Ceska Trebova
Investor: SZDC, s. o.

@ Estakdda nad Bilinou, 11/613 Zizkova ulice, Usti nad
Labem o
Investor: SUS UK (SFDI)

TUNEL MRAZOVKA/ %!

OCENENI PUBLIKACE
TUNEL MRAZOVKA

The Tunel Mrazovka publication, published by SATRA, s.1. 0.,
was awarded during the FOR ARCH 2005 construction
trade fair.

Publikace Tunel Mrazovka (vydala SATRA, spol. s r. o.,
2004) ziskala hlavni cenu v soutézi Zlata pecet 2005 za nej-
lepsi odbornou publikaci z oblasti stavebné-technické. Rep-
rezentativni publikace byla ocenéna zejména za pusobivé

@ zdokumentovani celé §ife technického feSeni a prubéhu
AE‘ vystavby v&etné problému, které kazdou takto ndro¢nou
g ABRF stavbu nevyhnutelné provazeji.
gL RN LU L L E Odbornd porota hodnotila vybér tématu a pfinos oboru,
. stejné jako kvalitu redak&niho, grafického a kniharského

zpracovani. Vyhldseni vysledki soutéZe probéhlo v rdmci
slavnostniho galavecera mezindrodniho stavebniho veletrhu
FOR ARCH 2005.

Redakéni rada publikace Tunel Mrazovka touto cestou
dékuje v8em spoluautorim a spolutvurcum, ktefi se na pri-
pravé a vydani podileli. Véfime, Ze i toto ocenéni bude
pobidkou k dalsi publika¢ni ¢innosti.

. B — JAKUB KARLICEK, jakub .karlicek@satra.cz,
SATRA, s. r. o.




