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Véazené kolegyné a kolegové,

V &asopise TUNEL, ktery praveé driite v ruce, je znaény prostor vénovan pod-
povrchovym aktivitam nasi akciové spolecnosti VOKD. Samozfejmé Ze radi
prezentujeme dosaZzené Uspéchy v podpovrchové ¢innosti v tomto erudova-
ném odborném periodiku. Dnes k tomu méame specidlni divod. Akciova
spoleénost VOKD oslavila 50 let svého trvani a rada by seznamila vés,
odbornou verejnost, s Uspéchy posledniho obdobi.

Rok 2001 byl pro a. s. VOKD rokem vyznamného vyroéi. Padesat let je i pro
tlovéka daleZity meznik a stavebnich spoleénosti, které se mohou pochlubit
tolika lety trvani, neni v nasi republice mnoho.

VOKD byla zalozena 26. listopadu 1951 plvodné jako spole¢nost pro vystav-
bu dold, ale jiz zanedlouho rozsitila své aktivity i na podpovrchové a povr-
chové stavby. Za padesat let své existence VOKD postavila 6 kompletnich
novych dold, 40 novych jam bylo vyhloubeno z povrchu a dalsi desitky jam
byly prohloubeny. V osmdesatych letech minulého stoleti méla VOKD
14 500 zaméstnancl a stavéla rozsahlé a technicky zajimavé stavby, jako
elektrarnu Détmarovice, televizni vysilaée na Lysé hofe a Pradédu, hotel
Permon ve Vysokych Tatrach, ale i sportovni a administrativni objekty nejen
v Ceské republice, ale i v Némecku, Polsku, Sovétském svazu, Irdku
a Barmé. Povrchové stavebni prace musely byt postupné utlumovany, pro-
toze kapacita podniku byla pIné vytizena dlinimi a podpovrchovymi stav-
bami v CSSR a v zahraniéi. Zkugenosti pracovniki VOKD byly ztiroéeny na
vystavhé kolektor( v Karviné, Ostravé-Vitkovicich i spolupraci na kolektoru
v Ostravé-Vyskovicich.

Po ustanoveni akciovou spolecnosti v lednu roku 1994 se VOKD rozhodla
opét aktivné vstoupit na trh podpovrchovych a povrchovych staveb.
S némeckymi a rakouskymi firmami jsme spolupracovali pfi vystavbé vét-
racich $achet tuneld Sommerberg a Saukopftunnel i pfi vystavbé tunelu na
trase Bonn - Bad Godesherg. Podzemni garaze ve Weinheimu byly od
némeckého partnera ocenény referenénim listem. Spoleénost ziskala zakaz-
ky na vystavbu podzemnich i povrchovych garazi v Ostravé a tyto stavby
byly ocenény v soutézi Dam roku. | dal$i povrchové a podpovrchové stavby
provadéné specialisty z firmy VOKD byly ocenény tituly v soutézi DGm roku,
pfipadné ziskaly referenéni list Magistratu mésta Ostravy, jako napf. 800 m
kolektoru pod ulici Podébradovou v centru Ostravy. Zku$enosti v dlini
a podpovrchové vystavbé zirodujeme nejen v Ceské republice, ale i ve
Spanélsku, kde jsme ve vyteéné kvalité dokonéili 970 m dlouhy Zelezniéni
tunel a spolupracujeme s mistnimi firmami na silniénim tunelu.

VSechny tyto Uspéchy by nebylo mozno dosahnout bez odbornych znalosti
a zkudenosti zaméstnanc VOKD a dobré spoluprace se subdodavateli. Tém
véem bych chtél podékovat za jejich Usili a profesionalitu pfi provadéni
praci.

Dear ladies and gentlemen,

The journal TUNEL you are having in hands devotes a lot of space to the sub-
surface activities of our joint - stock company VOKD. We naturally enjoy pre-
senting our successes regarding subsurface activities in the above-men-
tioned erudite periodical, but today we have a special reason. The joint-stock
company VOKD celebrated its fiftieth anniversary of its existence and we
would like to present you, the professional public, our achievements of the
latest period.

The year of 2001 was a year of an important anniversary for our Company.
Fifty years are a momentous milestone even in the life of a human and in
connection with the building company there are not many companies in our
republic that can boast of so many years of the existence.

VOKD was founded on 26 November 1951 originally as the company con-
centrated in the construction of mines but shortly it extended its activities
also with subsurface and surface structures. In fifty years of its existence the
Company has built 6 complete new mines, 40 new shafts were sunk from the
surface and many other tens of shafts were deepened. In the eighties of the
last century, VOKD used to have 14 500 employees and it built extensive and
interesting structures from the point of technique such as the power plant
Ditmarovice, television transmitter on Lysd hora and Praded, the hotel
Permon in the High Tatras and also sports and administration buildings not
only in the Czech Republic, but also in Germany, Poland, the Soviet Union,
Iraq and Barma. Surface building works were continually dampened down
because the potentials of the Company were fully exploited with the mining
and subsurface structures both in the Czech Republic and abroad. The expe-
rience of YVOKD employees was a benefit on construction of utility tunnels in
Karvina, Ostrava-Vitkovice and cooperation on the collector in Ostrava-
Vyskovice.

After the Company was established as joint-stock company in January 1994,
VOKD decided to re-enter the market of subsurface and surface structures.
We cooperated with German and Austrian firms at construction of ventilat-
ing shafts to tunnels Sommerberg and Saukopftunnel and also at construc-
tion of the tunnel on the route Bonn- Bad Godesberg. The German partner
honoured the underground garages in Weinheim with the Reference letter.
The Company was awarded with a job for construction of underground and
subsurface garages also in Ostrava and these buildings were awarded with
a prize in the competition called The House of the Year or they won the
Reference letter of the Municipal authority of Ostrava, e.g. the collector of
800 m under the street Podebradova in the center of Ostrava. We exploit our
experience in mining and subsurface construction not only in the Czech
Republic, but also in Spain. We have completed a 970 -meter railway tunnel
of an excellent quality there and we carry out joint work with the local com-
panies there on the road tunnel.

The Company would not be able to accomplish all of the above success with-
out professional knowledge and experience of its employees and good coop-
eration with its sub-suppliers. Therefore | would like to express them my
acknowledgements for their efforts and workmanship made at performance
of the work.

G
/
Ing. Jan Biezina

pfedseda predstavenstva a feditel akciové spolec¢nosti VOKD
Chairman of the Board of Directors President
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PULSTOLETiI TECHNICKEHO VYVOJE A RESENYCH
TECHNOLOGII U AKCIOVE SPOLECNOSTI VOKD, OSTRAVA

FIFTY YEARS OF TECHNICAL DEVELOPMENT
AND RESOLVED TECHNOLOGIES AT
VOKD, JOINT-STOCK COMPANY, OSTRAVA

Ing. MILAN CERVENY, VOKD, a. s.

uvobp

Padesaté vyroci spolecnosti VOKD nés opraviuje a sou¢asné nam i uklada
povinnost alespon v nékolika malo odstaveich vzpomenout na pocateéni
technické vybaveni podniku pro provadéni razi¢skych ¢i hlubié¢skych praci.
Pokusime se v kratkosti zrekapitulovat nédkup i vyvoj stroji a zafizeni, které
byly vyrobeny ve vlastnich dilnach, v nichz se v praxi odrazila technicka
a odbornd zdatnost pracovnikdi VOKD. Nelze nevzpomenout, Ze vyvoj tech-
niky a technologie hloubeni vertikalnich dél, razeni pfekopu, chodeb a razby
velkoprostorovych dilnich dél byl v historii VOKD, a. s., vice ¢i méné ovliv-
fiovan zejména investicnimi pozadavky ostravsko-karvinského reviru.
VOKD, narodni podnik, vznikl 26. 11. 1951 vymérem Ministerstva paliv
a energetiky, které provadélo celkovou reorganizaci ¢eskoslovenského pra-
myslu.

Za uplynulych 50 let prosla VOKD mnohymi organizanimi zménami. Jak
narGstaly ukoly, rostly i zavody a provozy. Mezi nejdlleZitéj$i zmény patfilo
ustaveni zavodd podle &innosti v roce 1953 a vytvofeni specializovaného
zévodu pro hloubeni jam v roce 1955. Tento zdvod v pribéhu své existence
dosahl vynikajicich vysledka.

Akciova spolenost VOKD v dnesni podobé byla zaregistrovana 1. 1. 1994,
Hlavnimi pfedméty &innosti akciové spoleénosti jsou dlIné stavebni ¢in-
nost, vyroba betonovych prvki, vyroba svafovanych siti a zamecnicka vyro-
ba.

Podnik v pribéhu svého vyvoje peclivé sledoval technicky vyvoj v zemich
s rozvinutym hornictvim. Komplexni program technické politiky pfedstavo-
val zakladni dlouhodoby dokument podniku. Pro Feseni ukoll v této oblasti
bylo zfizeno vyzkumné vyvojové a rozvojové stiedisko. V prabéhu let se
ukazalo, Ze tento krok byl spravny. Kratce tedy o vyvoji dilni éinnosti spo-
lecnosti.

HLOUBENI JAM

Spoleénost (dfive podnik) véas zachytila potfeby nardstu poZadavkd na
hloubeni jamy. Vlastni vyvoj technologie hloubeni od vzniku podniku si
vyZadal vznik specializovaného zadvodu hlouben{ jam v roce 1955. Postupné
zdokonalovéni operaci nakladéni, vyztuzovani, pozdéji i vystrojovani, dale
strojni vrtani vyvrtl pro trhaci préci a postupna inovace strojniho vybaveni
hloubené jamy si vyslouZily nejvy$si odborna uznani.

Vyvoj technologie hloubeni v zévislosti na vyvoji jamové vyztuZe, od cihlo-
vé vyziuie ptes betonové tvarnice, Zelezobetonové tybinky, se ustalil
v koneéném stadiu na monolitickém betonu spousténém z povrchu samo-
spadovym potrubim na dno hloubeni za ocelovou $ablonu.

Ruéni nakladani do okov( bylo od roku 1953 mechanizovano ru¢né navadé-
nymi drapakovymi nakladaéi BC-1 a KS-3. Nakladade KS-3 byly v dalsim
obdobi v hloubenych jaméach nahrazeny mechanicky navadénymi kabinovy-
mi nakladaci fady KS o obsahu drapaku az 1,0 m*

Nizkému stupni mechanizace odpovidaly i nizké postupy a produktivita
prace hlubica.

K zasadni kvalitativni zméné v mechanizaci doslo na po&atku roku 1959, kdy
byla poprvé v Ceskoslovensku pouzita moderni technologie pfi hloubeni
jamy Jeremenko, s monolitickou betonovou vyztuZi ze dna jdmy s pouzitim
zavé$eného dvefového betonovaciho bednéni vyky 2,0 m, s dopravou
betonové smési zavésenym ocelovym samospadovym potrubim Js 150 mm.
V letech 1960 az 1967 byl dal$i vyvoj této technologie a mechanizace hlou-
bicich praci zaméfen na pouzivani definitivnich téznich stroji s velkoobsa-
hovymi samovyklapécimi okovy o obsahu az 5 m? definitivni téini véZe,
betonovaciho bednéni vysky 4,0 m se §ikmym dnem a kuzelovym plastém
bednéni.

Do té doby nedosahly v Ceskoslovensku #4dné technologie a mechanizace

INTRODUCTION

It is our fiftieth anniversary-an appropriate time to mention the history of our
technical business equipment for shaft and drift mining. Our machines and
equipment are purchased, or manufactured in our own shops, and reflect the
technical and professional skills of VOKD, a.s., employees. Development of
techniques and technologies for sinking vertical shafts, cross tunnel drifting,
tunnels and drifting for large-space mining structures is the evolving product
mix of YOKD, a.s., which is influenced by industry requirements of the
Ostrava-Karvina district.

VOKD, now a global organization, was founded on 26 November 1951, follo-
wing authorization by the Ministry of Fuel and Power.

VOKD has evolved during the past 50 years. With new products and mar-
kets, our plants and operations have grown. The most significant changes
include the arrangement of plants by activities in 1953, and the start of a spe-
cialized plant for shaft mining in 1955. This plant has achieved excellent
results during its existence.

The joint-stock company, VOKD, was registered in its present form on
January 1, 1994. The primary lines of business of the company are mining
structures, concrete and iron products, as well as welded nets.

During the company's development, we have carefully studied technical pro-
gress in countries with developed mining industries. We have a compre-
hensive program of technical policy. A center for research and development
has been established for implementing objectives concerning the technical
policy of the company. And now a brief note about developments in our
company mining operations.

SINKING OF SHAFTS

The Company (previously the enterprise } responded to the need of increa-
sed requirements for sinking of shafts in time. The development of the sin-
king technology enforced the origin of the plant specialized in sinking of
shafts in 1955. Continuous improvement of operations of loading, reinforce-
ment, and later timbering, mechanical drilling of holes for blasting works,
innovation of mechanical equipment of holes drilled earned the highest pro-
fessional appreciations.

The development of sinking technology in relation to the development of the
shaft reinforcement starting with brick reinforcement through concrete
panels, reinforced concrete tubbings resulted in the stage of monolithic
concrete dropped from the surface with the help of gravitational piping to
the bottom of sinking behind the steel template.

Manual loading to the buckets was mechanized from 1953 with manually dri-
ven grab loaders of type BC-1 and KS-3. The loaders KS-3 were later repla-
ced in the sunk shafts with mechanically driven cabin loaders of the range
KS with the capacity of grab up to 1,0 7.

Low procedures and low productivity of the sinkers’ work was correspon-
ding to the poor stage of mechanization.

The principal qualitative shift towards mechanization was carried out in the
beginning of 1959 when for the first time the progressive technology of
monolithic concrete reinforcement was applied in the history of
Czechoslovakia. This reinforcement was applied during the sinking of the
shaft called Jeremenko , it was from the bottom of the shaft and the sus-
pended concrete -placing formwork 2,0 m high was used and the concrete
mixture was transported in the suspended gravitational piping Js 150 mm.
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hioubeni jam tak rychlého technického a ekonomického vyvoje. Tento tech-
nicky a ekonomicky vyvoj umoznil dosazeni fady vynikajicich rychlostnich
svétovych postupl a vykond. PIného uplatnéni komplexni mechanizace
s pouZitim sovétského nakladace KS-2 U/40 a prototypu &s. vrtaciho agre-
gatu VSH-1 vyvinutého v technickém rozvoji VOKD, k. p., bylo dosaieno
v roce 1977 az 1978 na hloubeni jamy Sverma - Odersky a v roce 1978 ai
1979 na hloubeni jamy Darkov 2.

VRTACI SOUPRAVY VOKD

Pfi hloubeni prvnich jam na zacatku padesatych let nebyla pouZivana v pokry-
vu trhaci prace, rozpojovani horniny se provadélo rucné sbijecimi kladivy.
Teprve v roce 1953 az 1954 se zadalo pouzivat vriani, a to stejnou technikou
jako v uhli (spirdlové vrtaky a rotaéni vrtacky). Tato technika neumozZiiovala
vyplach, proto dochazelo k zahlcovani vyvrtd, vrtani bylo pracné a zdlouhavé.
Z toho divodu se zataly pouZivat trubkové vrtdky s navafenymi korunkami.
Tato vrtaci technika se osvédcila v pokryvnych horninach a bylo dosahovano
dobrych vysledka. Vyzadovala vsak pomérné velkou fyzickou ndmahu. Vrtani
v karbonskych horninach bylo od poéatku provadéno ruéné, rotaéné-piikle-
povymi kladivy typu EDLK 60 a pozdéji VK 24, VK 25 a VK 29.

Aby byla snizena namahavost prace pfi vrtani a podstatné se zvy$ila kultura
a hygiena prace, byla u k. p. VOKD vyvinuta vrtaci souprava typu VSH -1
a v roce 1976 nasazena na hloubeni jamy Sverma - Odersky a pak na véech
dalsich hloubenich. e

Typ VSH-1 byl postupné nahrazen vylep$§enym typem VSH-4, ktery je kon-
struovan jiz s ohledem na vétsi praméry hloubenych jam {az 8,5 m svétlého
prafezu). Jeho ukontenym vyvojem v roce 1982 pro vrtani prohloubeni jam
z povrchu byly zavr$eny snahy o maximalni mechanizaci cyklu zakladnich
operaci.

Dvoulafetova vrtaci souprava VSH-2 (r. 1979) a tfilafetova VSH-3 (r. 1980}
s vrtacimi kladivy VKS 90 VM2 byly uréeny pro hloubeni $ibikil a zohlednova-
ly mensi ddini prostory i nutny prostor pro odstaveni v dobé jinych operaci.

DALSI TECHNICKA ZLEPSENI V JAMACH

Zavod hloubeni jam, ktery VOKD snad nejvice proslavil, do této hornicke

kategorie {a pozdéji i jeho nasledovnici v jinych dilnich zavodech) pfinesl

dalsi technicka a konstrukéni fe$eni, mimo jiz vyjmenované vrtaci soupravy

VSH-1 aZ VSH-4. Vyjimam néktera z nich:

- nahrada pomocnych vratd RV (ru¢ni vraty}) pro napinani vodicich lan
a zavéSeni povall vraty se strojnim pohonem typu SW 10, SW 5, SW 3,5,

- ocelové segmentové bednéni OBS s hydraulickymi valci, umozfiujici
betonaz dseki 2m,3madm,

Fig. 1 Connecting cross tunnel driven with DEMAG TVM-55

During the period from 1960 to 1967, the further development of the above
technology and mechanization of sinking works focused on using of definiti-
ve finding engines with self-tipping buckets of large volume up to 5 m?, defi-
nitive head frame , formwork for concrete placement 4,0 m high with a slo-
ped bed and cone jacket of formwork.

Until that time none of technologies and mechanization of shaft sinking in
Czechoslovakia had such a fast increase in development of technical and
economic results. It enabled to achieve numerous outstanding world-wide
procedures and performances. The full application of the global mechaniza-
tion with using of the Soviet loader KS-2 U/40 and Czechoslovak pile drilling
machine VSH-1 developed within technical development of k. p. {regional
enterprise) was accomplished in 1977 - 78 for sinking of the shaft called
Sverma - Odersky and in 1978 - 79 for sinking of the shaft in Darkov 2.

DRILLING SETS OF VOKD

During sinking of the first shafts in the beginning of the fifties, the blasting
works were not used in the cover. The rock used to be disintegrated manu-
ally with hand picks.

Not earlier than in 1953 to 1954, drilling started to be used with the same
technique as in coal (augers and rotary drills). This technology did not ena-
ble wet drilling therefore the holes used to be clogged, drilling process was
time -consuming and arduous. Out of that reason, the pipe drills started to
be used with welded bits. This drilling technique made good in cover rocks
and the results achieved were good. However the work was in demand of
quite big physical labor. Drilling in Carboniferous rocks was from the begin-
ning performed manually, with the help of rotary percussion hammers of the
type EDLK 60 and later VK 24, VK 25 a VK 29.

To reduce the troublesomeness in drilling and to enhance significantly the
culture and hygiene of the work, drilling set of the type VSH - 1 was deve-
loped at the k. p. VOKD and in the year it was introduced for sinking of the
shaft in the mine Sverma-Odersky and afterwards in all other sinkings.

The type VSH-1 was continuously replaced with improved type VSH-4, that
is constructed considering larger parameters of shafts sunk (up to 8,5 m net
cross section ). Its development finished in 1982 from drilling of shaft dee-
pening from the surface was the climax of efforts for maximal mechanizati-
on of the basic operations cycle.

Twin-boom drilling rig VSH-2 (year 1979) and three-boom VSH-3 {year 1980)
with drilling hammers VKS 90 VM2, were specified for sinking of inside
shafts and they were considering the smaller mining spaces and the neces-
sary space for their parking during other operations.
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- kotvena vystroj jam a 8ibik ocelovymi svorniky (pfevzato z Polska),

- samovyklapéci zafizeni okov( o obsahu 1 m? aZ 6 m® {pfevzato z Polska),

- projekt feseni zavéSeni pracovniho povalu s nakladacem KS-24/40 - poprvé
uplatnény na hloubeni jamy Darkov 1 {dvouetdZovy hloubici poval byl
rozdélen na dva jednoetazové),

- pouzivani vétsich primérl nalozek trhavin,

- vyuZivani centralnich betondren, transport betonu a vyfe$eni komplexu
dadlni betonarny.

Nejvyznamngj§i postup v hloubeni jam byl zaznamenan v roce 1964 na

hloubeni vtazné jamy Stafi¢ 3 o priméru 7,5 m, kde bylo za 31 dni vyhlou-

beno 321,93 m.

Vysokym zvladnutim nové techniky zavod hloubeni rozhodujicim zplsobem

zabezpedil otvirky novych zasob uhli a zabezpedeni tézby na dolech CSM,

Paskov a Stafié.

V roce 1967 doslo k dlouhodobému pieruseni hloubeni jam z povrchu

a névrat k hloubeni nastal v roce 1973 jamami Sverma - Odersky, Paskov -

Repisté, Mir 5, jama &. 6 nynéjsiho Dolu Lazy, Darkov 2, Fren&tat 4 a 5.

Pti hloubeni Dolu Frenstat 4 se uplatnila technologie vyztuzovani oceloliti-

novymi tybinkami.

KOMPLEXNI ZARIZENi PRO ZAUSTOVANI JAM, TZV. KUDLANKA

Komplexni zafizeni pro zatstovani jam bylo u VOKD, k. p., pouzivano od
roku 1970. Tuto technologii zaustovani pfevzaly téméf véechny organizace
zabyvajici se hloubenim jam v Ceskoslovensku a i v nékterych dalsich
zemich. Hlavnim prvkem zaustovaciho zafizeni je "Tézni zafizeni pro zausto-
vani jam" podle ¢s. patentu ¢islo 146 711 autora Ing. Petra Brychty, které
slouzi pro dopravu materialu i jizdu lidi do hloubky 45 m, pouZiti okovu 1 m?
zavéSeného na lané tézniho stroje H 800 nebo H 1200. Pfi vyklapéni okovu
jsou pro aretaci zavésného voziku pouzivany dvé zavory ovladané elektro-
magnety ze stanovi$té strojnika. K nakladani horniny jsou pouzivany dva
nakladade KS-3, zavésené na sklopnych ramenech kloubové ulozenych na
ohlubriovém vénci. Malta pro zdéni a betonova smés pro zalivku za tvarni-
cové zdivo jsou vyrabény v betonovaci jednotce (tj. michacka PM 500, silo
ZC-30, vaha AVC 150 a mechanicka lopata MLP-2), odtud skluzem pfimo do
samospadového potrubi.

NEJMODERNEJSI TECHNIKA V HLOUBENI

Stalé uplatnovani védy, moderni techniky a technologie v praxi dovedly
VOKD az k plnoprofitovému hloubeni jam s pfedvrtem. Cil, dosahovat pfi
hloubeni vertikalnich dél co nejvyssi produktivity, byl zavréen v roce 1985
nasazenim plnoprofilového hloubiciho stroje VSB VI 580/750 fy Wirth. Stroj

g r

Obr. 2 Pinoprofilovy tunelovaci stroj DEMAG TVM-55
Fig. 2 Full-face tunnelling machine DEMAG TVM-55

OTHER TECHNICAL IMPROVEMENTS IN THE SHAFTS

The shaft sinking plant which benefited to the fame of VOKD most in this
mining category (and later also its successors in other mining plants)
brought up the technical and structural designs in addition to already having
been mentioned drilling aggregates VSH-1 up to VSH-4. | am going to men-
tion some of them:

- replacement of auxiliary winches RV (hand winches) for tensioning of
guiding ropes and suspension of platforms with winches with mechanical
drive of the type SW 10, SW 5, SW 3,5,

- steel segmental formwork OBS with hydraulic cylinders enabling placement
of concrete in sections of 2m, 3m and 4 m,

- anchored support of shafts and inside shafts with steel rockbolts (taken
over from Poland),

- automatic tilting equipment of buckets with the capacity of 1 m* up to 6 n?’
(taken over from Poland },

- design project of suspension of working platform with the loader KS-24/40

for the first time applied for drilling a shaft Darkov 1 (two-storey drilling

platform was divided into two single-storey ones),

application of larger diameter of explosive charges,

using of central concrete mixing plants, transportation of the concrete and

resolving of the mining concrete mixing plant premises.

The most significant progress in sinking of shafts was reported in the year
1964 for sinking of the shaft Starec 3 with diameter of 7,5 m, where 321,93
m was excavated in 31 days.

The sinking plant was able to ensure opening of new coal supplies by the
means of high managing of new technique and it ensured exploitation of the
coal in mines CSM, Paskov and Stafié.

In 1967 sinking of shafts on the surface was discontinued for a long period
and its comeback occurred in 1973 with shafts Sverma - Odersky, Paskov -
Repisté, Mir 5, shaft no. 6 of the existing mines Lazy, Darkov 2, Frenstét 4
and 5.

At sinking of the Frenstat 4 Mine , the technology of reinforcement with
steel-cast iron tubbings/segments was applied.

EQUIPMENT SET FOR SHAFT COLLARING, SO CALLED
"KUDLANKA" (=REAR HORSE)

The set of equipment for shaft collaring was used at VOKD, k. p. from 1970,
The technology of collaring was adopted by nearly all organizations involved
in sinking of shafts in Czechoslovakia and in some countries as well. The
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byl uréen pro prohlubovéni jam s pfedvrtem a pro hloubeni $ibiki s pred-
vrtem. Prvni nasazeni stroje bylo na jamé Alexandr a vrtal se vétrni $ibik
o praméru 5,8 m a na hloubku 198 m. Druhé nasazeni na Dole Dukla bylo na
prohloubeni jamy ¢.1 z 5. na 8. patro o vrtané délce 348 m a priGméru 6,5 m.
Zména na vy$s§i vrtany primér zahrnovala nejen rozsifeni vrtaci hlavy, upi-
nacich jednotek a viech plosin, ale i zménu pfevodti a Gpravu svornikovaci-
ho zafizeni, kterou navrhli pracovnici vyvojového strediska k. p. VOKD. Dalsi
nasazeni probéhla na Dole Vitézny unor v jamé ¢.1, kdyz bylo odvrtano 285 m
jamy a nakonec na Dole P. Bezru¢ byl odvrtan $ibik mezi 13. a 14. p. o hloub-
ce 360 m. S Gtlumem hornictvi se jiz dal$i nasazeni stroje, planované na rok
1990, neuskutecnilo.

Nasazenim vrtaciho stroje VSB VI doslo k zavedeni nové, velice progresivni
a vykonné technologie hloubeni a prohlubovani vertikalnich dilnich dél.

EXPORTNI CINNOST

V roce 1968 a hlavné v roce 1969 se projevil prudky naridst objemu exportu.
Protoze export jiz dale nebylo mozno zajistovat stfediskem v podniku, byl od
1. 4. 1968 zfizen samostatny exportni zavod. K tomuto zavodu byla jako vyrob-
V ddlni ¢innosti se zadvod orientoval na hloubeni jam z povrchu a raZeni hori-
zontélnich dél. Ve spolupraci s PZO Strojexport byla zpracovana fada nabi-
dek, ne vSechny vSak byly pfijaty, a to bud z Gvérovych podminek, nebo
jinych poZadavk( zahraniéniho investora na PZO.

Po soustfedéni zajmu na evropska teritoria, zejména Jugoslavii, byly zde
razeny napf. kilometry téini Stoly rudného dolu, vyhloubeni nové jamy
véetné spojovaciho piekopu uhelného dolu. Prace pracovnikid VOKD dozna-
la ocenéni na dolech Stari Trg, Raspotocje a Blagodat v Jugoslavii.
Soubéiné s ddini ¢innosti byl provddén také export povrchovych praci. Zde
uvadime nékteré, a to komplex sportovnich hal v byvalé NDR, skokansky
mustek v Oberwiesentalu, stielnice Suhl v NDR a komplex chemického pod-
niku pro americkou firmu DOW Chemical ve Stade v Hamburku v NDR.
Vyznamna byla Géast na vystavbé plynovodu Orenburg. V roce 1975 byl
narodni podnik VOKD na ¢eskoslovenském Useku realizatorem kompresoro-
vé stanice v Palasovce, postavil ubytovaci zédkladnu se v8emi socidlnimi,
kulturnimi a sportovnimi zafizenimi, vykladaci stanice a samostatné kom-
presorové stanice.

Na pocatku osmdesatych let (presné v zavéru roku 1982) ukondil exportni
zavod svou ¢innost a VOKD jako firma ztratila v té dobé pevné vybojované
pozice na zahraniénich trzich. Tehdej$i koncepce nafizovaly soustiedit ves-
keré vystavbové kapacity na rozvoj reviru. Mimo zahrani¢i musela VOKD
opustit i teritorium Zlaté Hory. Nicméné na jafe roku 1986 se pracovnici
VOKD opét prosadili i za hranicemi. Stali se jednim z mnoha podnik, které

Obr. 3 Hloubici stroj VSB firmy WIRTH
Fig. 3 WIRTH VSB raise bore drill rig

main element of the collaring equipment is "Mining equipment for shaft col-
laring " according to Czechoslovak patent no. 146 711. Its author is Ing. Petr
Brychta. Such an equipment operates to both transportation of material and
people up to the depth of 45 m, using a 1m’ bucket suspended on the rope
of winding engine H 800 or H 1200. Two electric magnet activated bolts on
the operator side are used in tipping of the bucket for arrestment of the sus-
pended car. Two loaders KS-3 are used for loading of the rocks. The loaders
are suspended on inclinable shoulders hinged on the collar set . The mortar
for walling and concrete mix for backfilling behind the block masonry is pro-
duced in the concrete mixing unit (it is an agitator PM 500, silo ZC-30,
weight AVC 150 and mechanical shovel MLP-2), from there in the chute
directly to the gravitational piping.

THE STATE- OF - THE - ART TECHNIQUE IN SHAFT SINKING

The permanent application of the science, up-date technique and technolo-
gy in the practice steered VOKD towards full-profile sinking of shafts with
pre-formed boreholes. The objective - to achieve the best productivity at sin-
king the vertical works was met in 1985 by a launch of full-profile raise bore
drill rig VSB VI 580/750 of the company Wirth. It was determined for deepe-
ning the shafts with a pre-formed borehole and for sinking of inside shafts
with the pre-drill. For the first time the machine was used on the shaft
Alexandr and the ventilating inside shaft was drilled with a diameter of 5,8
m and with depth of 198m. For the second time the machine was used in the
mine Dukla for deepening the shaft no. 1 from the 5th storey to the 8th sto-
rey and the drilled length was 348 m with a diameter of 6,5 m. The change
to the bigger drilled diameter included not only widening of the drilling
head, clamping units and all platforms, but also the change of gears and
modification of rock bolting equipment having been designed by the emplo-
yees of the development center of a k.p. VOKD. Afterwards it was used on
the mine Vitézny tnor in the shaft no. 1 for drilling of 285 m of the shaft and
finally on the mine P. Bezru¢ where the inside shaft was drilled between the
13th and 14th storey with a depth of 360 m. Due to damping of mining
industry the using of the machine which was planned for 1990 was not
implemented any more.

Launch of the raise bore drill rig VSB VI resulted in introduction of a new,
very progressive and efficient technology of sinking and deepening of verti-
cal mining works.

EXPORT

The years 1968 and in particular 1969 recorded a sharp increase of the
export volume. Export activities could not be ensured anymore by the cen-
ter within the enterprise and therefore an independent export plant was
established as at 1 April 1969. As the manufacturing basis this plant was joi-
ned with the manufactory of steel structures in Valasské Mezifi¢i.
Regarding the mining activities the plant concentrated to the sinking of
shafts from the surface and drifting of horizontal works. In partnership with
PZO Strojexport , there were numerous bids drawn up , but not all of them
were accepted either due to loan conditions or other requirements of foreign
clients on PZ0.

After the interest was focused on the territory of Europe, especially on
Yugoslavia , there were activities carried out such as kilometers drifted in
winding ore mine, deepening of a new shaft including connecting cross tun-
nel of the coal mine. Work of VOKD employees was highly appreciated in
mines such as Stari Trg, Raspotodje and Blagodat in Yugoslavia.

Parallel with the mining works, the surface works were exported, too. In this
point we can mention some of them: premises of sports halls in the former
German Democratic Republic, ski jump in Oberwiesental, shooting range in
the former German Democratic Republic and the NDR and premises of the
chemical plant for the American company DOW Chemical in Stade in
Hamburg in the German Democratic Republic.

The participation in the construction of gas-pipeline in Orenburg is conside-
red very important. In 1975 the national enterprise VOKD was the contrac-
tor for the compressor station in Palasovka on Czechoslovak section, it built
the accommodation base with all social, cultural and sports facilities, unloa-
ding station and separate compressor stations.

In the beginning of the eighties (precisely in the end of 1982) the export
plant/division lost its activity and VOKD as the company lost its at that time
hard fought out positions on the foreign market. At that time concepts direc-
ted to concentrate any constructional potentials to the development of the
district. Besides foreign territories VOKD had to leave the territory of Zlaté
Hory as well. Nevertheless , in the spring of 1986 VOKD employees re-gai-
ned their position abroad. VOKD became one of many enterprises that were
building the gas pipeline called Progress in the former Soviet Union. The
first buildings were compressor stations at the Ukraine town Bar.
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v Sovétském svazu budovaly plynovod Progress. Prvni stavbou byly kom-
presorové stanice u ukrajinského Baru.

Praci technik( a délniki VOKD obdivuji véak dnes v Asii v Barmé, Iranu,
v Evropé v Némecku, Jugoslavii, Norsku, Polsku, Sovétském svazu a jinde.

NASE VIZITKA VE SPANELSKU

VOKD, a. s., neZije jen z predchazejicich Uspéchl v exportni Cinnosti.
Vynikajiciho postaveni si ddini ¢innost spolec¢nosti vydobyla na $achtach
asturijského reviru ve Spanélsku. Od roku 1991 zde plsobi zahraniéni pro-
vozovna a realizuje razby Sesti kombajny AM 50, skrabdkové razby, razbu
s komplexni mechanizaci vrtaci viiz BWA-3 a naklada¢ PDL 625) a hloubeni
zasobnikd. V roce 2001 byla provedena i rekonstrukce skipové jamy.

V listopadu 2001 byla ukonéena razba tunelu El Cortijo v Logronu pro Zelez-
nici {s pomoci pracovnikd Subterry}. Dal$i zahraniéni aktivity spolecnosti
budou sméfovat i timto smérem.

VRTACI TECHNIKA

Vrtani v kameni se nejprve provadélo ruénimi vrtackami, od EFLB 65 pfes
fadu VK k dnesnim VK 29. Prvni pokusy s pouzitim mechanizovaného vrta-
ni pfi razeni prekopd byly u VOKD provedeny v prosinci 1969. Byl to vrtaci
viz firmy Atlas Copco typ Promec T 243, ktery byl vyrobcem zapUijten na
dobu tif mésict k provedeni zkousek. Za¢atkem ledna 1970 byl uveden do
provozu dal$i dvoulafetovy vrtaci viz firmy Tamrock. V obdobi dal$ich péti
let bylo postupné zakoupeno 10 vrtacich jednotek Minirondo MR 500 od fin-
ské firmy Tamrock. Tyto vrtaci vozy 2 MR 500, 2 MR 500 P, 1 MR 500 K byly
vyrobeny finskou firmou podle pozadavkl podniku a pouzivalo se u nich
vrtacich kladiv CORONA ES 300. Déle byl dovezen dvoulafetovy vrtaci vz
na housenicovém podvozku typ SBU 2M sovétské vyroby. Podnik zkousSet
i vrtaci vozy KVV-1 z Banskych staveb Prievidza.

HORIZONTALNi A UKLONNA DILA - NAKLADANI

Technickym vyvojem a pokrokem prochazel za uplynulé pulstoleti i tento
sortiment praci. Na po¢atku vzniku podniku bylo pro razi¢ské prace jen
nékolik malo stroju zastaralych typ(, znaéné opotfebenych, které zde zlsta-
ly vétSinou po némeckych firmach. Pracovalo se pievainé rucné.

Ruéni nakladani bylo nahrazovéano strojnim, kdyz do reviru byly dodany Izi-
cové prehazovaci nakladace Eimco. Ty byly postupné nahrazovany naklada-
¢i nasi vyroby NL-21, NL-15V {Ostroj Opava) a po nich nakladagi sovétské
vyroby PML-5 a i nynéjsi PPN-1S.

Pro chodby byly a jsou podle mistnich podminek uplathovany skrabakové
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Obr. 4 ,Kudlanka” zahlubovaci zafizeni jam vyvinuté VOKD
Fig. 4 “Kudlanka” shaft collaring equipment developed by VOKD

The work of engineers and workers of VOKD is nowadays however admired
in Asia, Barma, Iran, in Europe in Germany, Yugoslavia, Norway, Poland,
countries of the former Soviet Union and elsewhere.

OUR NAME IN SPAIN

VOKD, a. s. is not alive just from the previous successes in the export. The
company won the excellent position thanks to its mining activities in mines
of Asturia district in Spain. Since 1991 the foreign plant operates there and
drifts have been implemented there with six cutter loaders AM 50, scraper
drifting, drifting with complete mechanization with the help of drilling rig
BWA-3 and a loader PDL 625) and sinking of bunkers. In 2001 skip pit was
reconstructed.

In November 2001 the drifting of the tunnel in El Cortijo in Logron was finis-
hed for the railway ( with the help of Subterra employees ). Our other activi-
ties regarding the foreign business will be oriented towards this direction,
too.

DRILLING TECHNIQUE

Drilling in the stone was first carried out with hand drills starting with EFLB
65 through the range VK up to present ones VK 29.

The first attempts with application of mechanized drilling during drifting of
cross tunnels were carried out by VOKD in December 1969. It was a drilling
rig of the company Atlas Copco, type Promec T 243, that was lent by the
manufacturer for the period of 3 months for conduct of tests. In the begin-
ning of January 1970, another twin-boom drilling rig of the company
Tamrock was commissioned. In the period of the next five years 10 drilling
units Minirondo MR 500 were continually purchased from the Finnish com-
pany Tamrock. The above drilling rigs 2 MR 500, 2 MR 500 P, 1 MR 500 K
were manufactured by the Finnish company to the requirements of our
Company and drilling hammers CORONA ES 300 were used with them .
Furthermore the twin-boom drilling rig was imported on the caterpillar chas-
sis , type SBU 2M of Soviet production. The Company was testing also the
drilling rigs KVV-1 from Bariské stavby Prievidza.

HORIZONTAL AND INCLINED WORKS - LOADING

Also the above range of works was undergoing the technical development
and progress during the past fifty years. In the beginning of the Company
origin there were only few machines available for drifting works. Those
machines were obsolete and rather worn out and were mainly the heritage
of German companies. The work was mainly done manually.

W
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nakladace Fady SN a k nynéjdim NS-5, NS-5E. Pro nakladani byly v provo-
zu i klepetové nakladace, nejdiive Joy a pozdéji 2 PNB-2. Ten byl pouzit pro
razby v kruhovém profilu, kde se uplatnily jeho vyhody pro odtézeni horni-
ny z protiklenby. P¥i razbach v narazich bez koleji se uplatnil kolovy nakla-
da¢ DBN-4.

Zavadéni elektrohydraulickych nakladacu s bo¢nim vysypem lzice zapodalo
nakladatem M 412 fy Deilmann- Haniel v roce 1980, pfes DBW 1200 na hou-
senicovém podvozku az k dnes pouzivanym nakiadactm SPH 1, NLH 703 ¢&i
Hausherr.

RAZICi KOMPLEXY

Pro zlep$eni Grovné technologie razeni bylo po¢atkem osmdesatych let roz-
hodnuto o zavedeni razicich komplexd.

Zahranicni, plné elektrifikovany razici komplex druhé generace byl tvofen
jednim dvoulafetovym elektrohydraulickym vrtacim vozem typu BFR 2.305
H na pasovém podvozku, dvéma nakladaci M 412 a hieblovym mezidoprav-
nikem typu PF 2.30. Mezidopravnik byl konstrukéné spojen s nakladaci sta-
nici portdlového typu s hydraulickym pfestavnikem pro vyménu vozl
a s hydraulickym posunovacem vozu.

V tuzemském razicim komplexu byly pouzity dva vrtaci vozy VVH-1, hfeblo-
vy mezidopravnik TH 600-M a jediny zahrani¢ni stroj byl elektrohydraulicky
naklada¢ s bo¢nim vysypem, némecky M 412 od firmy Deilmann-Haniel.
Vrtaci viz VVH-1 byl vyvinut v AM, k. 0. 0., a mezidopravnik v k. p. Ostroj
Opava.

V soucasné dobé jsou jako razici komplexy u spoleénosti pouzivany nakla-
dace SPH, NLH 703 a Hausherr vétsinou v kombinaci s vrtacim vozem VVH -1.

PLNOPROFILOVY RAZICi STROJ

Podnik vsak nechtél fesit jen jednotlivé operace razby jejich mechanizaci.
Cesta k feSeni se hledala v nedestruktivni technologii razeni, a to za poutziti
plnoprofilového raziciho stroje. Tato technologie si do uhelného hornictvi
nasla cestu v sedmdesatych letech, a to zejména v Porufi v Némecku. Po zis-
kanych zkusenostech v zahraniéi bylo rozhodnuto o zakoupeni plnoprofilo-
vého raziciho stroje pro razby prekopl v ostravsko-karvinském reviru.
Jednalo se o vyrobek fy Demag, typ TVM 55 H, ktery byl nasazen v roce 1984
na 11. patfe Dolu CSA v Karviné. Razil dila o prdméru 6 m a byl nasazen (cel-
kem) na tfech razbach na dolech CSA a 1. méj s celkovou vyrazenou metra-
7i téméf 6,5 km prekopu.

Z divodu omezoviéni investiénich prostiedkd v uhelném hornictvi nepro-
béhlo jiz 4. nasazeni stroje TVM 55 H a nerealizovaly se dalsi pfipravované
razby ve velkych profilech.

LY ™
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Obr. 5 Nové budovana elektro rozvodna na Dole Darkov
Fig. 5 Newly built substation at the Darkov Mine

Manual loading was replaced with the mechanical process when the shovel
type loaders Eimco were supplied to the district. These were continually
replaced by the loaders of our production NL-21, NL-15V (Ostroj Opava) and
afterwards the loaders of Soviet production PML-5 and the present PPN-1S.
For galleries there are scraper-slide loaders of the range SN up to existing
NS-5, NS-5E applied according to local conditions. For loading, scraper loa-
ders were also in operation, at first Joy and later 2 PNB-2. This one was used
for drifting in circular profile, which reflected its advantages for excavation
of the rock from invert. At drifting in shaft stations without rails, the bucket
wheel loader DBN-4 made good.

Introduction of electro-hydraulic loaders with the side tipping of the shovel
started with the loader M 412 of the company Deilmann- Haniel in 1980,
through DBW 1200 on caterpillar chassis up to nowadays used loaders SPH
1, NLH 703 or Hausherr.

DRIFTING COMPLEXES

With a purpose to improve the level of drifting technology , introduction of
drifting complexes was decided in the beginning of the eighties.

The foreign fully electrified drifting complex of the second generation was
formed of one twin-boom electro-hydraulic drilling rig of the type BFR 2.305
H on the tracked chassis, two loaders M 412 and intermediate drag convey-
or of the type PF 2.30. The design of the intermediate conveyor was conne-
cted with the loading station of the portal type with hydraulic point opera-
ting apparatus for replacement of cars and with the hydraulic shifter of cars.
Two drilling rigs were used in the domestic drifting complex, it was VVH-1,
intermediate scraper conveyor TH 600-M and the only foreign machine was
the electro-hydraulic loader with side unloading, German machine M 412
from the company Deilmann-Haniel. The drilling rig VVH-1 was developed
in AM,k.u.0., and the intermediate carrier in k.p. Ostroj Opava.

Currently the company has been using the loaders SPH, NLH 703 and
Hausherr as the drifting complexes mostly in the combination with the dril-
ling rig VVH -1.

FULL - PROFILE DRIFTING MACHINE

The Company however did not want to resolve only individual operations of
drifting with their mechanization. The way to resolution was searched in
non-destructive technology of drifting with the help of full-profile drifting
machine. This technology was introduced in the coal mining in the seventi-
es above all in Germany in the Ruhr basin. After the experience was acqui-
red abroad, the decision was made on purchase of the full-face machine for
drifting of cross tunnels in Ostrava -Karvina district. It was the product of the
company Demag, type TVM 55 H and it was mobilized on 11th deck of the
Mine CSA in Karvind in 1984. . The machine drifted works with a diameter
of 6 m and it was used (total) in three drifts on the CSA and 1st May mines
with the total drifted length of almost 6,5 km of cross tunnels.

Because of checks on investment into coal mining, the 4th application of the
TVM 55 H machine did not take place, and other planned excavation in large
profiles were not realized.

Obr. 6 Jamy €. 4 a 5 Dolu Frenstat
Fig. 6 Shafts No. 4 and 5 of the Frenstat Mine
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SPECIALNI TECHNOLOGIE

Ve spolupraci s jinymi firmami byly prosazovany a uplatiovany nékteré
dal$i progresivni technologie a zafizeni, které si vyzadaly specifické dalni
podminky. Jedna se napf. o:

- razici §tit NRDS 456 pro razbu ve velmi obtiznych geologickych podminkach
(spoj. pf. na 7. p. Dolu Fucik 1-5), Orlovska vrasa (Banské stavby Prievidza),

- &tyfdilna panelovd vyztuz (pfevzata z BS Prievidza ) s naslednou tamponéazi
cementopopilkovou smési,

- technologie vicefazového vyztuzovani s vyuzitim samonosnosti hornin
{vyvinuty a vyrobeny specialni mechanismy a materialy potfebné pro tuto
technologii - hlavni rozvodna 8. p. Dolu Dukla),

- pouzivani stabilizaénich néstfikd v dllnich dilech véech profilG {(komory,
zump. prekopy, vidlice)
mechanismy: Vario SSB-02, Vario SSB-22, Vario SSB-24, Vario SSB-14,
Aliva 245, Meyco-Piccola, SBS-B 3L,

- zafizeni pro zvySeni stability poévy v otevienych obloukovych prifezech
dulnich dél,

- prechazeni tézkych geologickych poruch pfi razbé vrtacim strojem TVM 65
Hi VSBVI,

- vyvoj zafizeni staveniété pro hloubeni zasobniki véetné technologie hloubeni
(na plny profil, i s pfedvrtem),

- technologie vyztuZovénf{ vrtd stfikanym betonem,

- technologie konsolidaénich a stabilizaénich nastiik(, protizaparovych
nastfik(, definitivni vyztuze a vyplni,

- mechanizovani jednotlivych éinnosti a pomocnych prostfedkl, pfedevsim
pro dopravu a manipulaci se smési,

- metoda fizeného vylomu pfi razeni horizontalnich ddlnich dél,

- prekonavani oblasti nestabilnich hornin pfi razbach plnoprofilovym razicim
strojem i pfi razbach klasickou technologii,

- navés plnoprofilového raziciho stroje,

- zafizeni a technologie pfi vystavbach skipokomplexd na jednotlivych
dolech v OKD (akumulacni zasobniky, vysypné komory, odmérné stanice,
piistupové pasové chodby, vyprazdiiovaci stanice),

- vystavby startovacich komor pro pinoprofilovy razici stroj,

- novy tézni vrat pro prohlubovani jam a hloubeni $ibikG (VT 25 A},

- dlIni michactka betonu DDM 250,

- ovérovaci provoz raziciho komplexu z dovozu a pfiprava provozu tuzemského
komplexu,

- velkoplosné oceloveé paziny ze svafované mfizoviny,

- raZeni a vyztuzovani otvirkovych dainich dél ve velkych hloubkach.

Tento vycet neni zcela jisté Uplny. Patfi sem rovnéZ problematika vétrani

a klimatizace pracovist, Cerpani dulnich vod, feSeni protipritriové a proti-

otfesové prevence a dal$i. Pfehled jen dokumentuje $iroky sortiment pro-

blém, které v historii spolecnosti byly feseny.

PODZEMNI STAVITELSTVI

V poslednim desetileti byly ¢inény kroky k pfechodu &asti kapacity ddlnf ¢in-
nosti k pozemnimu stavitelstvi. Svédéi o tom vystavba pivadéde vody pro
mésto Karvina a razeni kolektorl pomoci raziciho $titového komplexu RSK
2,56 v Ostravé-Vitkovicich. V neposledni fadé raZeni obtokovych étol na pre-
hradé Moravka (1998-1999) a razba 700 m kolektoru v Ostravé pod
Podébradovou ulici {1997- 1999). O razbé tunelu ve Spanélsku je samostat-
ny ¢lanek.

ZAVER

Béhem padesétileté historie bylo postaveno $est novych dol(, vyhloubeno
40 novych jam z povrchu a dalsi desitky jam byly prohloubeny. Vyrazena
horizontalni a Gklonna dila véech profill a riznych typt vyztuze se-daji podi-
tat na desitky kilometri. Zrealizovano bylo nékolik desitek technicky velmi
naro¢nych velkoprostorovych dél v dllnich podminkach.

V sortimentu hloubeni jam se podnik VOKD fadil mezi nejlep$i na svété, a to
zejména ve vykonech na pracovnika. Vynikajicich vysledkl bylo dosahova-
no jednak vysokou mechanizaci vSech pracovnich operaci, dale vysokou
urovni organizace prace a v neposledni fadé odbornou zdatnosti véech pra-
covnikd a dokonalym zvladnutim hlubi¢ské profese.

Podnik se nikdy nebal poustét se i do slozitych technickych feseni a naro¢-
nych technologii. Neuzaviral se do sebe, nybrZ v souéinnosti s domacimi &i
zahraniénimi vyrobci, védeckymi institucemi a $kolami hledal a nalézal
vychodiska.

SPECIALIST TECHNOLOGIES

In cooperation with some other companies, some other progressive techno-
logies and equipment requiring specific mining conditions were enforced
and applied, such as e.g. :

- drifting shield NRDS 456 for drifting in very difficult geological conditions
{connecting adit on 7th storey of the mine Fucik 1 - 5), Orlovskd vrdsa
(Banské stavby Prigvidza)

- four-part segmental support (adopted from z BS Prievidza ) with ongoing
plugging operation with cement-ash mixture

- technology of supporting in more phases with exploitation of self-support
of rocks (special mechanisms and materials necessary for the above
technology were developed and manufactured - main switchgear on the
8th storey of the mine Dukla )

- application of stabilizing spray in mining parts of all cross sections (chambers,
sumps, cross tunnels of gutters, bifurcations) mechanisms: Vario SSB-02,
Vario S§B-22, Vario SSB-24, Vario SSB-14, Aliva 245, Meyco-Piccola, SBS-B 3L

- equipment for increase of stability of invert in open vaulted cross sections

of mining works

passing through critical geological weakness zones at drifting with the drilling

rig TVM 55 H and VSBVI

development of site services for sinking of bunkers including technology of

sinking (on full profile, also with a pre-formed bore hole)

technology of bore hole reinforcement by sprayed concrete

technology of consolidation and stabilization spraying, spontaneous

fireproof spraying, final supporting and backfilling

- mechanization of individual activities and auxiliary means, most of all for
transportation and mixture handling

- method of contour blasting at drifting of horizontal mining works

- passing through unstable rock areas at drifting with a full - profile drifting
machine and also at drifting with classic technology

- back-up system for the full-profile drifting machine

- equipment and technology at construction of skip- complexes on individual
mines within OKD (accumulation bins, dump chambers, measuring stations,
conveyor adits, emptying stations)

- construction of starting chambers for full-profile drifting machine

- a new mining winch for deepening of shafts and sinking of inside shafts
(VT 25 A)

- mining concrete agitator DDM 250

- verifying operation of drifting complex from the import and preparation of
the domestic complex operation

- large-size steel lagging from welded mesh

- drifting and support of development workings at a large depth.

The above summary is not comprehensive yet. It also includes the item of

ventilation and air conditioning, pumping of mine water, resolving of out-

burst prevention as well as prevention against bumps and other. The sum-
mary only documents the wide range of problems that have been resolved
during the history of the Company.

UNDERGROUND CIVIL ENGINEERING

During the past decade the steps were undertaken to transfer the part of
mining capacities towards the civil engineering construction. This can be
supported by the construction of water feeder for municipality of Karvind
and drifting of utility tunnels with the help of drifting shield complex RSK
2,56 in Ostrava - Vitkovice. Last but not least it is drifting of diversion tunne-
Is at the dam Morévka (1998-1999) and drifting of 700 m utility tunnel in
Ostrava under Podébradova street (1997 - 1999). As far as drifting of the
tunnel in Spain is concerned, it is described in the separate article.

CONCLUSION

During its fifty-year history there were 6 new mines built, 40 new shafts sunk
from the surface and other tens of shafts were deepened. The horizontal and
inclined works of all profiles and various types of support can be counted in
tens of kilometers. Several tens of technically very demanding large-scale
works have been implemented in mining conditions .

Regarding the shaft sinking, VOKD ranked among the best companies in the
world, especially in the volume of performance per employee. The excellent
results were accomplished due to high mechanization of all working opera-
tions, high level of work organization and the last but not least due to pro-
fessional skills of all of our employees in thorough managing of the profes-
sion of shaft sinking .

The Company was always encouraged to embark upon technical sophistica-
ted resolutions and demanding technologies. It never closed the doors to
others but always operated in concurrence with domestic or foreign manu-
facturers and searched for and found solutions.
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SANACE OBLASTI KAROLINA V OSTRAVE
DRENAZNI KOLEKTOR

REHABILITATION OF KAROLINA DISTRICT IN OSTRAVA
DRAINAGE COLLECTOR

ING. JIR[ TVARDEK, ING. KAREL DOLINEK - VOKD, a. s.

uvoD

Drendzni kolektor Karolina je situovan do koncepce sanaéniho zdsahu v are-
alu B "Sanace Karolina v Ostravé". Cely projekt je financovan Fondem
narodniho majetku a jeho cilem je vytvoreni nové ekologicky nezatizené sta-
vehni plochy v bezprostfedni blizkosti samotného centra Ostravy. V misté,
kde pod télesem ulice 28. fijna pfetrvavaji latky a materily pro rozvoj nové
zastavby znacné nevhodné. A to jak pro stavebni technologie, tak pro
posouzeni hygienické nezavadnosti budouciho stavenisté.

Pro tuto oblast byla zvolena technologie kombinované sanace - &erpani
a ¢isténi podzemnich vod a soubéiné Cisténi a ¢erpani ptdniho vzduchu.
Pro toto feseni byla navrhnuta aplikace horizontalnich a vertikalnich prvka.
Toto Fedeni bylo zvoleno v souladu s rozhodnutim CIZP s ohledem na mini-
malni omezeni uzivacich prav majiteld nemovitosti a funkce uzemi. Vyusténi
sanacnich technologii bude provedeno za podzemni milanskou sténou na
jiznim okraji ulice 28. Fijna. Sténa je zahloubena svou spodni ¢asti do nepro-
pustné vrstvy miocénnich jilG. Na tuto sténu navazuje drenazni kolektor na
okraji bloku zeminového prostfedi znetisténého byvalou koksovnou
Karolina, ktery ma za ukol vytvofit hydraulicky pfedél ve sméru proudéni
vody a zabranit tak roz§ifovani znecisténi do centra mésta po dobu dekon-
taminace uvedené lokality. Kolektor - dvé horizontalni dila o délkach 67,5
a 174,6 m, ma sniZit v prostoru za milanskou sténou hladinu podzemni vody
tak, aby bylo moZno aplikovat sanaéni metody snizujici koncentrace konta-
minantu, ktery bude nasledné od¢erpavan systémem hydrogeologickych
vrtl z povrchu a systémem horizontalnich ventingovych a intenzifikadnich
vrtd.

VLIV DRENAZN| FUNKCE NA STAVAJICI ZASTAVBU

Vlivem dlouhodobého ¢erpani v prostoru ulice 28. fijna doslo v relativné
kratkém obdobi {mésice) k snizeni hladiny podzemni vody (HPV) o 3 m.
Proto je nezbytné sledovat téinky funkce kolektoru na gkolni vicepodiazni
zastavbu a tramvajovou trat.

Na zékladé vysledku IGP bylo provedeno posouzeni vlivu snizeni HPV na
okolni zastavbu. Za komunikaci 28. fijna se nachazi sou€asna zastavba s pre-
véainé vicepodlainimi objekty. Svislé konstrukce jsou provedeny z cihel.
Objekty jsou podsklepeny. Vlastni zalozeni je provedeno asi 2 m pod UT.
Z hlediska statiky je nutno objekty hodnotit jako staticky uréité konstrukce.
Podle vizualnich prohlidek nejsou objekty poskozeny svislymi poklesovymi
trhlinkami, které by svéd¢ily o nerovnomérnosti sedani.

Zakladni posouzeni chovani objektl a tramvajové trati na zménu HPV bylo
provedeno v modulu SEDV programu GOE35. Jedna se o posouzeni sedani
terénu vlivem snizeni HPV. Pfitizeni terénu bylo stanoveno 50 kN/m2 Je
piredpokladano uplné snizeni HPV ai po uroven miocénnich jilu. Vlivem
takto uvaZzovaného snizeni dojde k relativnimu poklesu terénu o 9,97 mm.
Vypoétené sednuti 9,97 mm je velmi malé a nemélo by vyvolat vyrazné
poruchy na hodnoceném tzemi. U stavajicich objekt(i platna CSN pFipousti
Sm, lim = 120 mm. Vzhledem k tomu, Ze se jedna o staré objekty, je nutno
pfedpokladat, Zze konsolidace je jiz ukoncena. Z tohoto divodu se neni
nutno obévat poskozeni posuzovanych objektl. Také studie vlivu snizeni
HPV v zavislosti na dokondeném kolektoru pod ul. Podébradova potvrzuje
uvedené vypoctové predpoklady.

Se zapocetim snizovani HPV bylo zahéjeno sledovéni hodnocenych objektd
vizualnimi prohlidkami, dale osazenim méfitskych bodd s pravidelnym sle-
dovénim jejich vysek. V pfipadé zjisténi vyskytu a rozvoje trhlin nebo zmény
nivelety tram. traté je nutno intenzitu Cerpani omezit.

V zavislosti na predchozi posouzeni byly navrieny atypické protladovaci
Zelezobetonové trouby s perforaci (vyrobce Prefa Brno, zavod Stréaznice).
Svétlost kolektoru (vystroj) je navriena o priméru 1000 mm, profil protlaku
ma pramér 1280. Podle zadani byla pozadovana 10% perforace povrchu.

INTRODUCTION

The drainage collector Karolina is a part of the concept of rehabilitation pro-
ject in the area B "Rehabilitation of Karolina in Ostrava". The entire project is
funded by the National Property Fund, and its goal is to create a new, envi-
ronmentally unburdened urban development area, close to the very centre
of Ostrava. It is in a place, where under 28. Rijna street substances and mate-
rials not suitable for building activities still remain. These are unsuitable for
the future building site in terms of both building technologies and hygienic
safety terms.

This area will be treated with a technology of a combined means of rehabi-
litation - pumping and purification of underground water and simultaneous
pumping and purification of ground air. This solution was designed with
using application of horizontal and vertical elements. This solution has been
chosen in accordance with decision of Czech Environmental Inspection with
regard to minimum limitation of using rights of owners of the properties and
function of the territory. Outlet of the rehabilitation technologies will be situ-
ated behind the Milan wall at the southern side of 28. Rijna street. The wall
is keyed into a non-permeable layer of Miocene clays. This wall follows with
a drainage collector at the side of a ground block, which is contaminated
from the former coking plant Karolina. The goal of this collector is to create
a hydraulic watershed in direction of water stream and prevent spreading
towards the city centre for the time of decontamination of the given locality.
The collector - two horizontal works with lengths of 67,5 and 174,6 m have
to lower the level of underground water behind the Milan wall so that the
refurbishment methods reducing concentration of the polluting substances
can be applied. The polluting substances will be then pumped with a system
of hydro-geologic drills from the surface and with a system of horizontal
ventilation and intensification boreholes.

EFFECT OF DRAINAGE FUNCTION TO THE EXISTING BUILDINGS

The groundwater table (GWT) in the area of the street 28. Rijna has lowered
by 3 m due to a long-term pumping in a relatively short time period (one
month). It is thus necessary to monitor the effects of function of the collec-
tor to the multi-story buildings and the tramline above.

On a basis of results of the EGI there was made an evaluation of effects of
lowering of GWT to the surrounding buildings. Some buildings with mostly
several storeys are located behind 28. Rijna street. The vertical structures are
made of brickwork. The objects have basements. The foundation itself is
made approximately 2 m under the ground surface. In the view of statics, the
objects must be considered as statically determinate structures. According
fo visual inspections, the objects are not damaged with vertical subsidence
cracks, which could prove any irregularities in subsidence.

Basic consideration of behaviour of the objects and the tramline with relati-
on to changes in GWT was made in a module of a programme SEDV GOE 35.
There was considered a subsidence of ground due to lowering of GWT. The
loading of ground was determined as 50 kN/m*. There is also presupposed
to lower the GWT down to the level of Miocene clays. The effect of such anti-
cipated lowering means a relative subsidence of ground by 9,97 mm. The
calculated subsidence 9,97 mm is very small and should not cause any sig-
nificant disturbances in the evaluated territory. The valid Czech standard
CSN allows Sm, lim = 120 mm for existing objects. Due to the fact that the
objects are old, it is necessary to presuppose that the consolidation is over
now. Therefore no reasons to worry about any damages to the considered
objects. Also the study of effects of lowering of GWT in relation to the com-
pleted collector under the street Podébradova confirms the mentioned cal-
culation premises.

Simultaneously with lowering of GWT there began a monitoring of the con-
sidered objects through visual inspections and setting of surveying points
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Pfi délce potrubi 242,17 m DN 1000 je vnitfni plocha 776 m?, z toho 10 % plo-
cha otvorl prevede 0,7 m? tj. 700 I/s. Podle vypoétu byl ovéfen pocatecni
neustaleny pfitok do kolektoru v projektované délce pfi otevieni celé moc-
nosti a délky dila na Urovni 12 - 16 |/s {vypoget proveden dle Abramova). Po
ustaleni pfitok(l by mél za optimalnich podminek (pladtovy odpor - skine-
fekt) kolektor jimat cca b - 7 I/s. Tento pfitok musi byt zméhatelny éerpanim
z $achtic. Z tdchto dlvod byly navrieny otvory prdméru 30 mm po 16 ks/2
m, tj. na 1 troubu. Pritoéna plocha 1 otvoru je 0,07 m’. Cely kolektor bude
mit 1984 ks dér, coz je 139 dm? a i pfi poloviné funkénich otvorid se mize do
kolektoru dostat aZ 69 /s vody.

VYBER VHODNE TECHNOLOGIE PROVEDENi KOLEKTORU

Pti vyb&ru nejvhodnéjsiho zplisobu provadéni drendzniho kolektoru muselo
byt vyeliminovano nékolik limitujicich podminek, které zasadné zménily kri-
téria vybéru. Jednalo se zejména o tyto podminky:

+ Kolektor probiha pod velmi frekventovanou kfizovatkou ulic 28. fijna
a Podébradova v centru Ostravy. Vzhledem k jinym dopravnim omezenim
jak v rémci projektu sanace Karolina, tak k ¢aste¢nému omezeni prijezdu
kfizovatkou ulic 28. fijna - Nadrazni, je tato kfizovatka pro Zivot mésta
nepostradatelna. Tento faktor spolu se znaénou hustotou inZenyrskych siti
v dané lokalité vyluéuje provedeni povrchovym zplsobem.

» Projekt dba na pFisnou kontrolu sedani silnice s draznim télesem a pokles(
okolnich dom(. Vzhledem k diivéj$i dilni éinnosti je vybér technologie
znaéné omezen. Tento faktor vyloudil moznost klasické razby.

« Kolektor probihé na bazi nejvice kontaminované vrstvy 3 m pod hladinou
podzemni vody. Léatky zpUsobujici kontaminaci ovliviiuji dychatelnost
ovzdusi kolektoru a jsou natolik toxické, Ze vyluéuji praci bez dychacich
kyslikovych ptistroju. Tieti faktor vyloutil moznost deldiho pobytu
pracovniku v kolektoru.

« Délka ramen kolektoru 67,5 a 174,6 m nabada k vybéru zafizeni, které ma
jiz zkuSenosti s protlakem na tyto vzdalenosti.

Po zvézeni téchto podminek byla zvolena snad jedind moina metoda prove-

deni kolektoru - mikrotunelovacim zafizenim fizenym z povrchu. Vzhledem

k tomu, Ze na &eském ani slovenském trhu neexistuje zafizeni majici para-

metry tohoto vybéru, bylo zvoleno pronajmuti svétového zafizeni firmy

ISEKI - mikrotunelovaci zafizeni typu ISEKI Unclemole 1280 mm s operato-

rem. Osadka pro obsluhu byla sestavena z pracovnikll VOKD, a. s.

Technologie ISEKI je zaloZena na principu klasického protlaku ze startovaci

sachtice do 8achtice cilové. Zatladovana kolona $titu s rourami je kontrolo-

véana a fizena dalkové od ovladaciho pultu v fidici kabiné na povrchu pomo-
ci laseru, kamery, pomocnych valcd v hlavé §titu a monitoruje pfesnost
fadové v milimetrech.

ISEKI Unclemole je v zasadé §tit vyuzivajici hustou suspenzi (slurry) pro

hydrodopravu rozrueného materialu z &ela $titu na povrch a pazeni Celby

(k udrzeni tlakové rovnovéhy s hydrostatickym tlakem podzemni vody

a okolnim zeminovym prostiedim). Obvykle se pouzivad bentonitova sus-

penze, v tomto pfipadé véak suspenze musela mit zvlatni vlastnosti, a tim

i specialni recepturu (viz nize).

Stit ma v predni &asti zabudovany kuZelovy drti¢ pro raibu v prostiedi

s vyskytem tvrdych hornin, ktery umozZfiuje drceni horninovych Glomka

with regular monitoring of their elevations. in events of occurrence and spre-
ading of cracks or changes in alignment of the tramline there will be neces-
sary to reduce the intensity of pumping.

In dependency on the previous consideration there were designed some
non-typical jacking of perforated reinforced concrete tubes (manufactured
by Prefa Brno, plant Straznice). The nominal diameter of the collector (com-
mission) was designed as 1000 mm, jacking profile 1280 mm. According to
the order, there was designed 10 % surface perforation. With the tube
lengths 242,1, DN 1000, the inner surface is 776 m?, thereof 10 % of holes
area drains 0,7 m? (i.e. 700 ) per second. According to the calculation, the ini-
tial non-stabilised intake into the collector was verified in the designed
length with opening of the entire thickness and full length of the work as 12
to 16 I/sec (calculated according to Abramov). After stabilisation of intakes
the collector should collect ca 5 to 7 I/sec under optimum conditions (the skin
effect). Due to these reasons there was designed a system of holes with dia-
meter 30 mm, 16 holes per 2 meters, i.e. per one tube. The flow area of one
hole is 0,07 m?. The entire collector will contain 1984 holes, i.e. 139 dm’ and
with one half of engaged holes the collector may gather up to 69 | of water
per second.

SELECTION OF SUITABLE TECHNOLOGY FOR REALISATION
OF THE COLLECTOR

The selection of the most suitable technology of the drainage collector
meant to eliminate several limiting conditions, which changed fundamental-
ly the selection criteria. There were considered above all these conditions:

« The collector runs under a crossing of streets 28. Rijna and Podébradova
with very heavy traffic. Due to some other traffic limitations in the frame of
the project of Karolina refurbishment, and due to a partial limitation in
traffic through the crossing of streets 28. Rijna - Nédrazni, this crossing is
indispensable for life of the city. This factor, together with a very
considerable density of underground mains in the given territory,
eliminates realisation of the work with an open-pit method.

The project follows a strict check of subsidence of the road with the railway
body and subsidence of the surrounding buildings. Due to the former
mining activities the selection of the technology is rather limited. This
factor eliminated a method of conventional driving.

The collector runs on a basis of the most contaminated layer, 3 m under the
groundwater table. The contaminating substances affect quality of air of
the collector for breathing and are so much toxic that eliminate any work
without breathing instruments. The third factor eliminated chances of any
longer stay of workers in the collector.

The length of branches of the collector 67.5 and 174.6 m spurs to select the
equipment with experiences with jacking to these distances.

After consideration of these conditions there was chosen perhaps the only
possible method on realisation of the collector - micro-tunnelling equipment,
which can be surface controlled. Due to the fact that there does not exist any
equipment on the Czech and Slovak markets, having such parameters of this
option, there was decided to lease a micro-tunnelling equipment of the type
ISEKI Unclemole 1280 with an operator. The operational crew was compiled
of workers of VOKD, j.s.c.

Obr. 1 Zatizeni pfipravené k protlaku
Fig. 1 Equipment ready to start the jacking
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a balvan(. Drtici mechanismus je schopen zmen§it ¢astice aZ do 30 % prd-
méru §titu na Ulomky dostateéné malé k dopravé pomoci suspenze.
Systém odstrafiovani rozdrcené hlusiny, skladajici se z pfivodniho ¢erpadla,
obtokové jednotky jamy, odvadéciho cerpadla, odvadécich meziterpadel,
pritokoméru, odstrafiovate pisku, nadrze na suspenzi a vyplachového
potrubi. Suspenze je Cerpana z nadrze do cela kolektoru pies obtokovou jed-
notku jamy a ke §titu Unclemole. Obtokova jednotka jamy slouZi k regulaci
sméru prdtoku suspenze. Rozrueny material z ¢ela tunelu je promichan se
suspenzi z pfivodniho potrubi v komote ¢ela $titu. Smés suspenze a horni-
ny je Cerpana pfes zpétné potrubi na vibraéni sita. Tyto oddéli rozruseny
material od suspenze, kterd se odvede do nadrzi pro jeji recyklaci. Jemnéjsi
¢astice, které se usazuji v nadrii, se podle potieby z nadrie odstrafuji
mechanicky. Do odvadéciho potrubi je namontovan pratokomeér, ktery zjis-
tuje prlitokové mnoZstvi suspenze a pfenasi ho na obsluzny panel. Operétor
monitoruje a vhodné nastavuje pratok. Suspenze se také pouziva k vyrov-
nani tlaku podzemni vody a udrzeni tlakové rovnovahy s okolnim zemino-
vym prostiedim. Toto je zjistovdno tlakomérem ve stitu. Tlak suspenze
plisobici na ¢elo dila je fizen regulacnim tlakovym ventilem, umisténym na
obtokové jednotce jamy a nastavenim rychlosti odvadéciho cerpadla.

PRIPRAVNE PRACE, GEOLOGICKE POMERY

Pred zahajenim protlaku musely byt vyhloubeny dvé startovaci a jedna
vrcholova achtice. Vrcholova $achtice $2 o rozméru 5 x 5 m byla pazena
hnanym pazenim pomoci paznic UNION, rozepfenymi | profily v zdbérech 1 m,
na hloubku 8 m. Startovaci Sachtice 51 a 53 o rozmérech 4,2 x 6 m byly
vyhloubeny v ohrani¢eni milanské stény na hloubku 7 m.

Geologie pfi hloubeni Sachtic:

0-3m navazky, stavebni sut po byvalé zastavbé

3-4m pfeplavené piséité jily

4-65m pistité a stérkové fitni sedimenty s vazanou podzemni vodou,
s velikosti valound do 30 ¢cm

6,5 -8 m miocénni jily - ostravské sliny ve formé sedych jilovitych zemin
Pi hloubeni $achtic se potvrdila teorie o zadrZeni kontaminace na bazi Fi¢-
nich sedimenti s jilovou vrstvou, a spravnost polozeni kolektoru na mio-
cénni bazi.

VYPLACHOVE HOSPODARSTVI

Velice zasadnim Ukolem byla spravna pfiprava suspenze {mimo vyplach
a pazeni slouzi také jako mazaci kapalina). Jelikoz pro mazani ani vyplach
nemohl byt z ddvodu vytvateni nepropustného povlaku na licni strané dre-
naznich trub pouzit klasicky bentonit, muselo se pfistoupit k aplikaci poly-
mer(. Pro tuto pfipravu suspenze byly pouzity nasledujici produkty (doda-
vatel BDC Morava, s. . 0.):

Swell Gell - bentonit

Modiflo W 060, Modipol 600, Polymer Argipol - polymery

Depoamer 791 - odpénovac

Lignosulfonat - fedidlo

Soda ASH - naprava pH

Mikromlety vapenec - Gprava mérné hmotnosti

Obr. 2 Utomky amatur po proéisténi slurry potrubf
Fig. 2 Fragments of reinforcement found in slurry

The technology ISEKI is based on a principle of a conventional jacking from
a starting shaft to a final shaft. The jacking set of the shield with tubes is
remote controlled and driven from a control panel in the control cabin on
surface, with using laser, camera, auxiliary cylinders in the shield head and
the monitoring ensures accuracy in millimetres.

In principle, ISEKI Unclemole is a slurry shield, which utilised the slurry for
a transport of the crushed material from the shield head to surface and main-
taining of pressure balance with hydrostatic pressure of underground water
and adjacent ground environment. The shield has a crushing mechanism for
work in hard rock built-in in the front part. The mechanism can crush stones
if necessary and can reduce size of particles up to 30 % of the diameter of the
shield, so that the particles are small enough to be transported with slurry.
The system of removal of the crushed waste rock consists of inlet pump, by-
pass pit unit, drainage pump, drainage intermediate pumps, flow meter,
sand trap, slurry tank and slurry piping. The slurry is pumped from the slur-
ry tank to the face of the collector over the by-pass pit unit and to the shield
Unclemole. The by-pass pit unit regulates flow direction of slurry. The crus-
hed material from the tunnel face is mixed with slurry from the intake piping
in slurry chamber of the shield face and pumped over the outlet piping to
vibration screens. These separate the crushed material from slurry and the
latter is then fed to tanks for recycling. The fine particles, which settle in the
tank, are removed mechanically from the tank as necessary. The outlet
piping is fitted with a flow meter, which measures flows of slurry and tran-
sfers the data to the operator's panel. The operator monitors and adjusts the
flow as necessary. Slurry is also used to balance pressure of ground water
and maintain pressure balance with adjacent ground environment. This is
monitored with a pressure gauge in the shield. Pressure of slurry to the face
of the work is controlled with a pressure regulation valve, which is mounted
in the by-pass pit unit and with adjustment of speed of the drainage pump.

PREPARATION WORKS, GEOLOGICAL CONDITIONS

Two starting and one top shaft had to be excavated before beginning of the
jacking. The top shaft 52, size 5 x 5 m, was sheeted with advanced sheeting
with use of UNION sheet piles, braced with I-profiles at 1 m spacing, to
a depth of 8 m. The starting shafts $1 and 33, size 4,2 x 6 m, were excavated
in sheeting of Milan walls to a depth of 7 m.

Geology with excavation of shafts:

0 to 3 m - made-up ground, debris after former buildings

3to 4 m - over-washed sand clays

4 to 6,5 m - sandy and gravel river sediments with bound ground water, with
stones up to 30 cm

6,5 - 8 m - Miocene clays - Ostrava marls in a form of grey clay ground
Excavation of shafts verified the theory on retention of contamination on
a basis of river sediments with clay layer, and correctness of alignment of
the collector on a Miocene basis.

WASHING PROCEDURES

Preparation of slurry and lubrication liquid was a very fundamental task. As
the classical bentonite could not be used for lubrication and slurry due to

it OGN i
Obr. 3 VytaZeni §titu z 52 po dokon&eni protlaku 51 - 52 (174,6 m)

Fig. 3 Lifting the shield from the 52 manhole after completion of pipe
jacking between S1 and $2 (174,6 m)
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Jelikoz protlak prochazi na rozhrani dvou velice odli$nych geologickych vrs-
tev, byla velmi duleZita kontrola a udrieni suspenze na optimalnich hodno-
tach. Hodnoty viskozity 35 az 45 s, Marsh}, mérné hmotnosti (1,02 - 1,10
kg/dm?) a tixotropie se ménily v zavislosti na poméru zastoupeni geologic-
kych vrstev v Gele §titu. Velkym problémem bylo zachovani optimainich
hodnot smési pfi jejim promichavanim s jilovou slozkou horninového pro-
stredi.

To vedlo k zvy$ovani mérné hmotnosti nad pfipustné meze. Dusledkem bylo
znehodnoceni suspenze s nutnosti jeji obmény.

PROTLAK 83 -82675m

Po tydenni pfipravé startovaci $achtice, technologie protlaku a vyplachové-
ho hospodatstvi byl zatlatenim §titu zahajen protlak prvniho Gseku. Béhem
prvniho a druhého pracovniho dne se ladilo vyplachového hospodéfstvi
a eliminovaly rusiveé vlivy technologie protlaku na laser. Postup €inil 3,5 m na
den, pfi desetihodinovych pracovnich sménéach. Béhem tfetiho az pétého
dne bylo protlateno 18 m. Denni vykon ¢inil 8 m. Po 25 m protlaku znaéné
vzrostl odpor zeminy pfi rozrusovani v cele §titu, coZ se projevilo razantnim
nartistem krouticiho momentu stroje a nutnosti zvétseni tlacnych sil,
potfebnych k alespofi minimalnim postupim. Pfi kontrole vyplachové sus-
penze byly ve vyplachovém hospodarstvi nalezeny tlomky armatury (20 - 25
cm), coz potvrdilo domnénku, Ze $tit z Gasti rozrusuje Zelezobetonovou kon-
strukci. Béhem $estého aZz desatého pracovniho dne bylo za neustdlého
vyplachovani armatury protlaceno 18 m, coz znaéné zmensSilo denni vykon.
Bé&hem téchto metrd bylo nutno 2 x pouzit vodni tlakovy viz k procisténi
armaturou ucpaného vyplachového potrubi. Jedenacty pracovni den doslo
k poklesu odporu &elby, coz vedlo ke zrychleni protiaku a postupu 6 m. Opét
se viak muselo pouzit tlakové zafizeni k procisténi potrubi. Toto &isténi viak
bylo nelspésné a protlak se musel z diuvodu neprichodnosti suspenze
potrubim po 49 m pozastavit.

Po pfesném zaméfeni polohy §titu bylo rozhodnuto vyhloubit Sachtici
a odstranit material z éela $titu, branici pritoku suspenze. V prostoru zho-
tovené Stétové stény, rozepfené | nosniky, byla vyhloubena prizkumna
$achtice o rozmérech 2,2 x 3,5 pfi hloubce 7,5 m.. St&tov4 sténa byla zhoto-
vena z §tétovnic lll n zaberanénych 3 m pod dno kolektoru. JelikoZ se nad
$titem nachazely inZenyrské sité, bylo nutno na vzdalenost 1 m vyrazit pfi-
stupovou $tolu k ¢elu $titu o rozmérech 2 x 1,5 m.

Po dosaZeni ¢ela Stitu pfistupovou Stolou bylo zjisténo mnohem vétsi
poskozeni hlavy §titu, nez se oCekdvalo. Jedno rameno bylo ulomeno,
povrch vnitfniho kuzele ¢ela titu byl v nékolika mistech prorazen, komora
pro odvadéni smési suspenze a rozdrcené horniny v cele $titu byla zanese-
na kusy armatury, na zbylych tfech ramenech byly zbroueny osazené tvr-
dokovy. Po tomto zjisténi, a nemoznosti opravy v podzemi, bylo rozhodnu-
to §tit vytahnout a dilo dokonéit povrchovym zpdsobem.

Pro toto feSeni byla navriena a zhotovena hloubend ryha o rozmérech 18,5
x 2 pfi hloubce 7 m. Tato byla vyhloubena v prostoru §tétové stény mezi

Obr. 4 Stroj ISEKI UNCLEMOLE 1280
Fig. 4 ISEKI UNCLEMOLE 1280

creation of impervious coat on the adverse side of drainage pipes, there was
decided to apply some polymers. The following products (supplier BDC
Morava, Ltd.) were used for the washing procedures:

Swell Gell - bentonite

Modiflo W 060, Modipol 600, Polymer Argipol - polymers

Depoamer 791 - defoamer

Lignosulfonat - thinner

Soda ASH - modification of pH

Micro-milled limestone - modification of volume mass

As the jacking runs at the boundary of two very different geological layers,
check and maintaining of the flushing mixture on optimum values was very
important. Values of viscosity 35-45s, marsh), volume mass (1,02 - 1,10
kg/dm?) and thixotropic properties varied in dependency on rate of repre-
sentation of geological layers. Keeping of optimum values with loading from
clay component of slurry was a very big problem. The result was a deterio-
ration of the whole washing procedure with necessity of renewal.

JACKING 83 -8267.5 M

Jacking of the first section started with forward jacking of the shield after
one-week preparation of the starting shaft, technology of jacking and was-
hing procedures. The flushing procedure was tuned and disturbing effects of
the technology of jacking to laser were eliminated in the course of the first
and second working days. The advance rate was 3,5 meters per day with 10-
hour working shifts. In the course of the third to fifth day where was jacked
18 meters, the daily performance was 6 meters. After 25 meters of jacking
the resistance of ground with crushing in the shield head increased extre-
mely. This resulted in a significant increase of torsional moment of the
machine and necessity of increase of jacking force, which was necessary for
at least minimum advance. Fragments of reinforcement (20 - 25 cm) were
found in slurry with inspection of the washing procedure. This verified the
hypothesis that the shield partly crushes some reinforced concrete structu-
re, which was absolutely unexpected and unforeseen in the depth of the jac-
king. Despite this there was advanced by 18 meters during the sixth to tenth
working days with continuous washing of reinforcement. Such advance
reduced the daily performance. In these metres it was necessary to use two
times a water pressure truck for cleaning of the flushing piping, which was
clogged with reinforcement. A decrease of resistance of the shield face
occurred in the eleventh working day; this led to acceleration of jacking and
advance by 6 meters. Nevertheless, the pressure equipment had to be used
for cleaning of the piping again. Yet the cleaning was unsuccessful and jac-
king had to be stopped after 49 m due to clogged slurry piping.

After precise alignment of position of the shield, which advanced behind the
street 28. Rijna, it was decided to excavate a shaft and remove the material
from the shield face, which prevented flow of slurry. An inspection shaft, size
2,2 x 3,5/7,5 m, was excavated in the space of the realised sheet pile wall,
braced with I-beams.
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priizkumnou $achtici a $2. Pro zaji§téni dokonalého napojeni rour byla kolo-
na tlacena ze startovaci $achtice do S2. Pfi tomto tladeni se podafiio zacho-
vat smérové i vyskové vedeni kolektoru, ¢imZ se neomezila jeho funkénost.

PROTLAK 81 - 52 174,6 m

Po opravé §titu trvajici étyfi tydny, provadéné v strojnich dilnach VOKD, a. s.,
byl po ptipravé zatizeni v §1 zahajen protlak druhého 174,6 m dlouhého
Useku kolektoru. Béhem 25 dnl bylo protlaéeno 165 m s dennim postupem
6,6 m, s max. dennim postupem 10 m. Mezi témito dny bylo 3x proci§téno
vyplachové hospodafstvi od jilovych usazenin. Ve vzdalenosti 18 m od éela
$titu byla mezi trouby instalovana mezitlatna stanice pro pfipad zvétseni
odporu kolony nad 300 t, coz je maximalni tlacna sila na perforovanou trou-
bu, i kdyz tlacna stolice v jamé dokaZe vyvinout tiak 600 t.

Po protlaceni 165 m bylo narazeno na neidentifikovatelnou piekazku pred
¢elem §titu. Znovu vzrostla hodnota kroutictho momentu $titu. Z tohoto
divodu a z obavy poruseni Zelezobetonovych trub byla nasazena mezitlac-
na stanice. Béhem tfi dnl bylo, s postupem 2 m denng, protlaceno 6 m. Po
protlageni 171 m, 3,6 m pied vrcholovou $achtici $2 do$lo k zastaven/ §titu
0 nezndmou prekaiku.

Bylo rozhodnuto razit ke §titu prizkumnou $tolu étvercového profilu 1,5
x 1,5 m, s postupem 0,5 m. Pazeni bylo hnané paznicemi UNION, do ocelo-
vych | rdm0. Po vyrazeni 1,56 m $toly byla nalezena a odstranéna betonova
prekazka. Po tomto odstranéni bylo dokonéeno protlaceni §titu pfes pra-
zkumnou $tolu do vrcholové $achtice $2. Dotlaéeni bylo realizovano za nej-
vy$8iho moiného tlaku (300 t) na zelezobetonové roury a zvy$eného maza-
ni, s pouZitim mezitla¢né stanice. Maximalnich hodnot bylo nutno pouzit
z dlivodu sevreni trub okolni zeminou, zatéZzovanou vibracemi z drazniho
télesa, ¢imz se znatné zvedly tfeci sily mezi kolonou trub a zeminou.
K tomuto sevfeni doslo béhem tfidenniho pozastaveni protlaku, béhem
razby prizkumné stoly.

Timto byl ukon¢en nejdel$i 174,6 m dlouhy protiak, zhotoveny touto nebo
podobnou metodou pfi daném profilu v Ceské republice.

POZNATKY

P¥i provadéni tohoto drenazniho kolektoru vyplynulo nékolik poznatku pro

budouci realizatory podobnych projekt(:

+ nejdilezitéjsi fazi celého projektu je dikladny geologicky prizkum, ktery
po celé délce protlaku uréi podrobny geologicky profil a vyhleda mozné
piekaiky;

* pokud se tla¢i na del$i vzdalenosti, je nutno pracovat s co nejmen$imi
¢asovymi prodlevami, v opacném piipadé dochazi k stlacovani trub okolni
zeminou. To vyvolava zvy$ovani tlaénych sil a nasazeni mezitlaéné stanice;

+ pro vytézeni material(i je duleZita Castd kontrola vlastnosti vyplachové
suspenze, kterou je potfeba upravovat v zavislosti na geologickém
prostiedi v trase protlaku.

Srovnani klasické technologie a technologie fizeného protlacovani v téchto
podminkach, za opomenuti kontaminace, jasné hovofi ve prospéch fizené-
ho protladovéni. V téchto podminkach si jen tézko dovedeme predstavit jiny
zplsob realizace projektu. Po nabytych zkuSenostech si nedovedeme pfed-
stavit realizaci protlaku pod hladinou podzemni vody v centrech mést, kde
Ize jen minimalné ovlivnit Zivot okoli, jinou metodou ne? fizenym protlakem.
Dnes uz jen zbyva, aby se tato metoda zacala prosazovat i pii realizaci pro-
jektd, kde neni fizené mikrotunelovani jedinou moznou metodou.

Sachta 2
Shaft 2
:I.'I *-—J.:___x‘.
/, patkoVB®_ — ~ & onia g
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i e = _@_, -
Sachta 3 Drenazni kolektor DN 1 200 mm celkova delka 232,6 m

Shaft 3 Drainage collector D 1200 mm total length 232,6 m

Obr. 5 Trasa drenazniho kolektoru
Fig. 5 The drainage collector route

The wall was made of sheet piles llin, driven 3 m under bottom of the col-
lector. As there was occurrence of underground mains over the shield, it was
necessary to drive an access drift to the shield face on a distance of 1 m and
size2x 1.5 m.

After having access to the shield face through the access drift there were
found much heavier damages in the shield head than expected. One arm
was broken, the surface of the inner shield cone was perforated on several
places, the chamber for drainage of slurry from the face was clogged with
fragments of reinforcement and the remaining three arms had hard metal
plates worn. After this finding an impossibility of any repair under ground, it
was decided to pull the shield out and to complete the work with the open-
pit method.

This solution was designed with excavation of a trench 18,56 x 2/7 m. This
trench was excavated in the space of the sheet pile wall, between the inspec-
tion shaft and the shaft $2. The column was jacked from the starting shaft to
the shaft 52 for assurance of perfect joining of pipes. With this jacking the
direction and height guide of the collector was successfully maintained, so
that its functioning was not limited.

JACKING §1-82 1746 M

Jacking of the second section of the collector with a length of 174,6 m was
commenced after repair of the shield, which lasted four weeks and was car-
ried out in machine workshops of VOKD, j.s.c., and after preparation of the
equipment in 51. There was jacked 165 m with average daily advance of 6,6
m and maximum daily advance 10 m in the course of 25 days. The washing
equipment was cleaned from clay sediments three times in this time period.
An intermediate jacking station was installed between the tubes in a distan-
ce of 18 m from the shield face for the event of increase of resistance of the
column over 300 t, as the maximum jacking force to the perforated tube,
though the jacking head can give a pressure of 600 t in the pit.

After jacking of 165 m there occurred an unidentified obstruction in front of
the shield face. The value of the torsional moment also increased. Due to this
reason and with concern about damage of the reinforced concrete tubes, the
intermediate jacking station was engaged. Then 6 meters were jacked during
three days, with daily advance of 2 m. Finally, the shield stopped in front of
an unknown obstruction after jacking 171 m, 3,6 m in front of the top shaft 52.
It was decided to drive an inspection drift of a square profile 1,56 x 1,6 m to
the shield, with an advance of 0,5 m. The sheeting was made of advanced
casing UNION into steel I-frames. A concrete obstruction was found after dri-
ving of 1,5 m of the drift. Jacking of the shield over the inspection drift to the
top shaft 52 was completed after removal of this obstruction. The jacking
completion was realised under maximum available pressure (300 t) to the
reinforced concrete tubes and increased lubrication, using the intermediate
jacking station. The maximum values had to be used due to clamping of
tubes with the surrounding ground, which was loaded with vibrations from
the railway body. This increased friction forces between the tube column and
the ground. This clamping happened in the course of the three-day interrup-
tion of jacking, during driving of the inspection drift.

This completed the longest, 174,6 m long jacking, which was made with use
of this or similar method with the given profile in the Czech Republic.

KNOWLEDGE

Realisation of this drainage collector provided several pieces of information

for future contractors for similar projects:

- a thorough geological survey is the most important phase of the entire project.
Such survey determines a detailed geological profile along the full length
of the jacking and finds potential obstructions;

- in case of jacking on long distances, it is necessary to work with as short as
possible time delays, otherwise the tubes are clamped with the
surrounding ground. This causes increase of jacking forces and
engagement of intermediate jacking station;

- a frequent checking of properties of slurry, which it is necessary to modify
in dependency on the geological environment in the alignment of the
jacking, is important for exploitation of materials.

Comparison of conventional technology and the technology of controlled
jacking under these conditions, with omission of contamination, shows clear
advantages of the controlled jacking. Hardly to imagine another method of
realisation of this project under these conditions. Having these pieces of
information, we cannot imagine realising the jacking under level of ground
water, in the city centre, where the life of surrounding can only be affected
at minimum, with another method than with the controlled jacking. Now it is
up to all of us to put this method through realisation of the projects where
controlled micro-tunnelling is not the only available method.
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ZELEZNICNI TUNEL EL CORTIJO

EL CORTIJO RAILWAY TUNNEL

ING. PAVEL ZELINA, ING. STANISLAV SIKORA - VOKD, a. s.

uvoD

Zelezniani tunel El Cortijo bude v budoucnu slouzit pro zkréceni a zejména
vyrovnani Zelezniéni trati ve sméru Zaragoza-Bilbao v oblasti vrchu El
Cortijo a stejnojmenného sidlisté asi 15 km zdpadné od hlavniho mésta pro-
vincie La Rioja Logrofa. Vystavbou a zprovoznénim tunelu dojde ke zkrace-
ni trati o 2,3 km. Hlavnim kladem nového tunelu véak je vytvofeni potieb-
nych parametr( pro vyuziti rychlovlaki s rychlosti 160 km/hod.

UDAJE O STAVBE

Nazev: zeleznicni tunel El Cortijo
Lokalita: Logrofio, Spanélsko
Investor: Ministerstvo verejnych praci, Madrid, Spanélsko

Zhotovitel stavby: specidlné utvoiené U, T. E. El Cortijo
tvoiené §panélskymi firmami COMSA Empresa
Constructora a Obras Suberraneas

Prace VOKD, a. s., Ostrava, Ceska republika, spojené s razenim a vyztuZova-
nim tunelu.

Pocatek praci: 23.10. 2001
Ukonéeni praci: 30. 11. 2001
Délka tunelu: 970,7 m
Prdifez tunelu: 46 m?

ROZMEROVE A KVALITATIVNi PARAMETRY TUNELU

Tunel je vyrazen v klasickém tunelovém prifezu, horni éast pllkruh o polo-
méru 3,05 m, hruby vylom, spodni &ast obdélnikova o rozmérech 4,5 m x 6,1
m hruby vylom. Plocha hrubého vylomu &ini 46 m?. Definitivni délka pod-
zemnim zplisobem razeného Gseku je 970,7 m. Ze zapadni strany tunelu
pokraéuje traf v terénnim zafezu asi 800 m. Z druhé strany je vjezd tunelu
feden “falesnym tunelem” tvofenym ocelovymi oblouky s oplechovanim
a 30 cm betonovym néstfikem. Trat, v celkové délce 970,7 m, vede asi 700 m
v mirném oblouku, zbytek tvofi pfim4 &ast.

Vyztuz tunelu byla vyprojektovéna ve 4 kategoriich podle kvality horniny
a podle dispozic povrchu. V priib&hu realizace byly uplatnény pouze 1. a 4.
kategorie.

Tato 1. kategorie, ktera tvofila pfevaznou ¢ast délky tunelu {asi 940 m), zna-
mena stfikany beton na holou horninu ve 3 vrstvach. Prvni vrstva 5 cm pro-
sty beton B 250, druha vrstva 12 cm beton s disperzni dratkovou vyztuzi -
pfimési - DRAMIX, tfeti vrstva 15 cm prosty beton B 250 aplikovany "robo-
tem".

Dale 4. kategorie, ktera byla uplatnéna v misté synklindly povrchu (sila
nadlo?i se sniZila az na 4 m), znamenala zesileni ocelovymi oblouky - sva-
fenci 1-20 o rozteéi 1,25 m a plné oblozeni ocelovymi plechy. Uchyceni kaz-
dého oblouku do horniny bylo provedeno 6 ks hydraulickych svorniki
o délce 4 m. Definitivni vnitfni beton byl feSen stejné jako u kategorie 1.
Zminéna &ast tunelu byla navic dopfedu zajisténa mikropilotovym "destni-
kem" po obvodu horni obloukové gasti. Mikropiloty o prdméru 70 mm vypl-
néné cementovou smési o roztedi a 0,5 m, délka 15 m. Hornina typu jilovce
s pevnosti do 60 MPa.

VYLOM TUNELU

Vylom byl provadén pomoci raziciho stroje Westfalia Lihnen 178/200-LSK
WAV se spiralovou hlavou fezného organu vybaveného klepetovym nakla-
datem, transport horniny dvéma pancéfovymi dopravniky na vylonik do
podstavenych dempri. Z divodu nedostateéného vyskového dosahu stroje
byl tunel razen ve dvou lavkach, Horni o vysce asi 6,0 m, spodni o vySce asi
1,5 m. Pfedstih horni lavky od posledni byl do 200 m, poté se stroj pFemis-
til zpét a provedla se pfibirka spodni lavky.

INTRODUCTION

The El Cortijo railway tunnel will be in the future serving to shortening and
especially to straightening of the railway line in direction Zaragoza - Bilbao
in the area of the El Cortijo peak and the housing estate with the same name
distant about 15 km to the west of the capital city of the province La Rioja
Logroiia. The construction and commissioning of the tunnel will result in the
shortening of the line for 2,3 km. However the main benefit of a new tunnel
is establishment of necessary parameters for exploitation of fast trains
having speed of 160 km/hour.

IDENTIFICATION DATA ON THE PROJECT

El Cortijo Railway Tunnel

Location: Logrofio, Spain

Client: Ministry of Public Affairs, Madrid, Spain
Construction Contractor: Purpusefuly established Joint Venture - U.T.E. El Cortijo
consisting of companies COMSA Empresa Constructora
and Obras Suberraneas

VOKD, a. s., Ostrava, Czech Republic

Project name:

Mining works:

Beginning: 23.10.2001
Completion: 30.11.2001
Tunnel length: 970,7 m
Tunnel cross section: 46 m’

DIMENSIONAL AND QUALITATIVE PARAMETERS OF THE TUNNEL

The tunnel is driven in the classic tunnel cross section , the top is a semi-
circle with the radius 3,05 m (rough excavation), the bottom is rectangular
with sizes 4,5 m x 6,1 m (rough excavation). The rough excavated area is
46 nv. The final length of the driven section under ground is 970,7 m. From
the west side of the tunnel, the line is continuing in a cut approximately 800
m. From the other side is the tunnel entry formed by a “false tunnel " formed
with the help of steel sheet lining over steel arches, and 30cm thick shotcre-
te. The line of the total length 970,7 m, is routed within approximately 700 m
length at a moderate curve, the remaining section is straight.

The tunnel support was designed in four categories depending the quality of
the rock and according to the surface dispositions. During the course of
implementation only the 1st and 4th categories were applied. The st cate-
gory which formed the prevailing part of the tunnel length {approximately
940 m) means concrete sprayed on bare rock in 3 layers. The first layer 5 cm
thick is the plain concrete B 250, the second layer 12 cm thick is the concre-
te reinforced by DRAMIX steel fibers, the third layer 15 cm thick is B250 plain
concrete applied with the "robot".

The 4th category which was applied in the place of the surface syncline (the
thickness of the overburden dropped up to 4 m), meant supporting with the
steel arches - welded 1-20 sections, with a span 1,25 m, followed with full
lining with the steel plates, fastening of each arc into the rock with 6 hyd-
raulic rockbolts 4 m long. Final inside concrete was the same as the catego-
ry 1. The mentioned part of the tunnel was in addition secured with micro-
pile "umbrella” along the circumference of the top arc part. Micro-piles with
a diameter of 70 mm were filled with concrete mixture with a span of a 0,6 m,
length 15 m. The rock is of the claystone type with strength up to 60 MPa.

TUNNEL EXCAVATION

The breaking was carried out with the help of tunneling machine Westfalia -
Luhnen 178/200 - LSK WAV with the spiral head of cutting body equipped
with scraper loader, transport of the rock with two armored conveyors to the
jib into dumpers. Due to insufficient height reach of the machine, the tunnel
was driven in two levels. The top one with a height of approximately 6,0 m,
the bottom with a height of approximately 1,5 m. The advance of the top
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ODTEZENI

Dvéma dempry o obsahu korby 7 m® od vylozniku raziciho stroje na mezi-
deponii horniny pfed portél tunelu. Poté fazové odvoz hludiny na definitivni
misto vétsinou pro vyrovnani terénu dempry BENFORD anglické vyroby.

BETONAZ

Stiikany beton byl aplikovan po pfedstihu vylomu o délce 5 az 7 m stiika-
cim strojem firmy ALIVA na suchou smés. Postupné stfikany dvé vrstvy, ato
5 ¢m prosty beton B 250 a 12 cm beton s disperzni dratkovou vyztuzi DRAMIX.
Transport a vyroba betonu ve formé suché smési, miseni s vodou s pfisa-
dou urychlovade tuhnuti pfimo na trysce betonovaci hadice. Vyroba suché

heading before the core excavation was approximately within 200 m. Then
the machine was relocated back and excavation of the core was carried out.

MUCKING OUT

By two dumpers with the capacity of the body 7 m* from the tunneling
machine conveyor jib to the temporary muck stockpile in front of the tunnel
portal. Afterwards haulage of the muck in phases to the final stocking places,
mostly for leveling of the terrain. BENFORD dumpers of English production
were used.

Tunel

Obr. 1 Tune! El Cortijo - situace
Fig. 1 The El Cortijo tunnel layout

Obr. 2 Pohled na tzem/ El Cortijo - Spanélsko
Fig. 2 El Cortijo area - Spain

SOSTENWENRTY TFQw( 2, )

L
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Obr. 3 Rez tunelem se zakladnimi rozmérovymi patametry
Fig. 3 Tunnel cross section with basic dimension parameters
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smési na lokalni betonarce u tunelu, Transport domichavagi. V pribéhu
razby bylo méfenim nékolikrat kontrolovano mnozstvi spadu betonu, které
se pohybovalo do 16 %.

VETRANI, ODPRASENI

Bylo pouzito saci vétrani pomoci kolony sestavajici z ventilatoru a sokové-
ho filtru pro likvidaci prachu HELTER. Saci ¢ast od kolony do ¢elby v délce
s postupem razby 15 - 80 m tvofena vyztuZenymi plastovymi, harmonikovy-
mi lutnami o priméru 800 mm, vydusna Gast poddajné plastavé lutny o pru-
méru 1000 mm, Kaidych zhruba 80 m byla kolona pomoci raziciho stroje
pfemistovana s postupem razby.

ORGANIZACE PRACE A DOSAZENE VYKONY

Prace byla organizovéana ve tfech sméndch po 8 hodinach, 5 dnl v tydnu.
Sobota a nedéle byly vénovany naroéné udrzbé strojniho parku, pfemisto-
vani vétraci a odpradovaci kolony, prodiuZovéni potrubi, kabeld.

Razba tunelu komplex (vylom + beton}):
denni postup - 5,03 m /den

vykon hifsm - 34,1 cm /hi/sm

vykon m® vylom - 11,8 m® /hl/sm

Max. dosaZeny denni postup horni lavka
Max. dosaZeny denni postup spodni lavka

9 m /den
32 m/den

Obr. 4 Detail portalu tunelu
Fig. 4 Detail of the tunnel portal

CONCRETE PLACEMENT

The sprayed concrete was applied after the tunnel face advanced 5 - 7 .m,
with the help of ALIVA dry mixture spraying machine. Two layers are spray-
ed gradually - the plain concrete in the layer of 5 cm thick B 250 and 12 cm
thick layer of the concrete with dispersed DRAMIX steel fiber reinforcement.
Transportation and production of the concrete is in the form of dry mixture,
mixed with water with the additive of accelerating admixture directly on the
nozzle of the hose for placement the concrete. The production of the dry mix-
ture in the local concrete mixing plant next to the tunnel. Transportation to
be carried out in the mixer-truck. During the course of driving the quantity of
concrete rebound was checked with the help of measuring and it was ran-
ging within 16 %.

VENTILATION, DE-DUSTING

Suction ventilation was used with the help of the unit HELTR consisting of
the fan and shock filter for the dust extraction. The suction part of the unit
leading to the face, in the length changing with the course of driving from 15
to 80 m, consists of reinforced plastic folding ventilation pipes with a dia-
meter of 800 mm, the exhaust section of the elastic plastics ventilation pipes
with a diameter of 1000 mm. The unit was on approximately each 80 m relo-
cated with the help of the tunneling machine depending the advance of dri-
ving.
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ZAVER

Prevazna €ast tunelu byla razena ve velmi dobrych geologicko-tektonickych
podminkach. S vyjimkou asi 80 m nepfesahovala pevnost horniny 30 - 40
MPa, vyjimeéné byla do 60 MPa. Tato skute¢nost a rovnéz to, Ze a7 na malé
vyjimky nebyla zaznamenana zadna tektonika, umoziovala dodrZovat razici
cyklus horni lavky v objemu 6 az 7 m/den {16 hodin vylom, 8 hodin beton
a ostatni). Nasledna razba a betonai spodni lavky byla realizovéna s pred-
stihem vylomu pred betonem v délce 80 az 100 m. RovnézZ s vyjimkou asi 30 m
pfi pfechodu razby pod synklindlou povrchu byla v celé délce tunelu apliko-
vana pouze jednoducha 1. kategorie vyztuzovani bez pouZiti ocelovych
oblouk(, plechd a svornikd. Podstatnymi organizacnimi klady bylo zfizeni
mezideponie horniny v tésné blizkosti tunelu, a tim Uspory Casu a poctu
demprd pro odtéZeni, vyuziti 2 mixd pfi transportu suché smési betonu,
a tim eliminovani ztratovych ¢ast. Tunel byl realizovan ve velmi dobré kva-
lité, ktera byla umozinéna predevsim témér idealnim vylomem s naslednym
dopadem na kvalitu betonové vyztuze a na celkovy vzhled tunelu. Vyborné
se, s ohledem na hygienicko-klimatické podminky v tunelu, osvédcil systém
kombinovaného saciho vétrani se Sokovym odprasovanim, ktery prakticky
zcela eliminoval prach ze strojniho vylomu i pfi aplikaci stfikaného betonu.
Negativem byl pomérné S§patny technicky stav zejména raziciho stroje
s dopadem na prostojovost a s enormnimi ndroky na udrzbu, resp. opravy
stroje.

Obr. 5 Portal tunelu El Cortijo
Fig. 5 The Ei Cotijo tunnel portal

ORGANIZATION OF THE WORK

The work was organized in three shifts each of 8 hours, 5 days a week.
Saturday and Sunday used to be devoted to demanding maintenance of the
machinery fleet, relocation of the ventilation and de-dusting units, prolon-
gation of pipes, cables.

Tunneling of the complex tunnel {breaking + concrete):

Daily progress - 5,03 m /day

Advance rate - 34,1 cm /person/shift
Excavation output - 11,8 m*person/shift

Max. accomplished daily progress top deck
Max. accomplished daily progress bottom deck

CONCLUSION

9 m /day
32 m/day

Prevailing part of the tunnel was drifted on very good geological conditions.
With exception of approximately 80 m the strength of the rock did not exceed
30 - 40 MPa, the peaks were rarely within 60 MPa. This matter of fact toget-
her with the fact that excepting minor exceptions there was not any tecto-
nics, the tunneling cycle of the top heading could be followed within the
volume of 6 - 7 m/day (16 hours for breaking , 8 hours for concrete and
others). The consequent tunneling and concrete placement of the bench was
implemented with advance of the breaking before concrete in the length of
80 - 100 m. Also with exception of 30 m at transfer of the drifting under the
surface syncline, only simple 1st category of reinforcement was applied
along the entire length of the tunnel without using the steel arches , steel
sheets and anchors. The substantial organizational benefit was establish-
ment of temporary muck stockpile area in a close vicinity to the tunnel which
resulted in saving of time and smaller number of dumpers for mucking out,
exploitation of 2 mixes during the transportation of dry concrete mixture
which helped eliminate idle time. The tunnel was implemented in a very
good quality during the course of work and after its completion. Such a good
quality was achieved above all thanks to almost ideal breaking, the quality of
which resulted consequently to the quality of concrete reinforcement and
overall appearance of the tunnel. The system of suction ventilation in com-
bination with the shock de-dusting made very good regarding the hygienic
and climatic conditions in the tunnel. The above system practically elimina-
ted the dust from the mechanical breaking and during sprayed concrete
application. What was the negative factor was rather poor technical conditi-
on of the tunneling machine, having impact on idle times and resulting in
enormous demands for maintenance and repairs of the machine.

Obr. 6 Moment pied prorazkou tunelu pneumatickym impaktorem - zbyva 80 cm
Fig. 6 The moment before the tunnel holing with the pneumatic impactor - 80 cm
remaining
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PODCHOD TUNELU METRA POD VLTAVOU
REALIZACE VYSUVU

THE METRO TUNNELS UNDERPASSING THE VLTAVA RIVER
LAUNCHING OPERATIONS

DOC. ING. JAN L. VITEK, CSc., METROSTAV, a. s.

SOUHRN

Prvni z tunelt metra pod Vitavou na trase IVC1 byl postaven metodou
vysouvéni. Zvlastni podminky dané tvarem tunelu a podminkami v fece
vyzadavaly volbu neobvyklé aplikace vysuvu s vyuZitim vztlaku vody. Popis
technologie vystavby zahrnujici hlavni problémy navazuje na clanky popi-
sujici betonaz tunelu z vodotésného betonu a souvisejici problemy.

Kli¢ova slova: beton, hydraulika, lana, metro, tunel, vysuv, vztlak
uvobp

Vystavba tunelll metra pod Vitavou je poplatna lokdlnim podminkam.
Poloha stanice Nadrazi HoleSovice, dno feky a poloha stanice v Kobylisich
relativné vysoko nad udolim Vitavy byly uréujicimi prvky pro vedeni trasy
tésné pode dnem Vitavy. Smérové vedeni trasy vyzadovalo navrhnout
oblouk pravé v oblasti pod fekou. Vysledkem navrhu a dnes jiz realizace
jsou dvé tunelové trouby zakfivené vySkove i smérové. Tubusy tvofi samo-
statnou konstrukci pro jednotlivé koleje. Na strand trojské jsou vzdaleny
necely 1 m, aviak na holesovické strang je mezi nimi mezera presahujici
8 m. Vyska zasypu ve dné nad stropem tunel se pohybuje v mezich 0,5 aZ
2 m. V téchto podminkach nelze tunely razit. Proto pfipadala v (vahu alter-
nativa vystavby hloubenych tunelll v jimkach. Vzhledem k podminkam
v fedisti by bylo nutné postupné realizovat tfi jimky a z hydraulickych diivo-
di znaéné rozsahlé jimky. Doba vystavby by tak byla znaéné dlouha.
Metrostav, a. s., jif v soutdzi nabidl alternativni technologii vystavby
tzv. vysouvanych tuneld. Vyhody navrzené technologie spotivaji ve vyraz-
ném zkraceni doby vystavby, omezeni vykopovych praci v fecisti i v bieho-
vych &astech, ve zvySeni kvality vlastniho tunelu pouzitim hodnotnégjSich
materialll a v neposledni fadé v odzkouSeni novych postupl vystavby vyu-
fitelnych v dal$ich aplikacich.

POSTUP VYSTAVBY

Zakladni princip technologie spoéiva v tom, Ze se jednotlivé tubusy vybe-
tonujl v oteviené stavebni jamé - suchém doku - vyhloubené v trojském
biehu v misté budoucich tuneld. Neni proto nutné budovat zvlastni sta-
vebni jamu. Suchy dok je oddélen od feky Stétovou sténou. V koryté feky
se vyhloubf ryha, do které se tubusy pozdéji uloZi. Ryha se téZila zatim pro
jeden z tubust, po jeho uloZeni a definitivnim podepfeni se bude téZit ryha
pro druhy tubus a soutasné se prvni tubus bude zasypavat. Po ukoneni
betonaie se tubus opatiil vnitfnimi vyvaZovacimi nadriemi a na koncich
uzaviel ocelovymi viky. Ke kotevnim prvkim zabetonovanym na tubusu
se pripevnily dva systémy zavésl. Vodorovné zavésy zajisfovaly polohu
tubusy béhem vysuvu. Svislé zavésy uréovaly vysku predni éasti tubusu
nade dnem ryhy. Zadni €ast tubusu nebyla zavésena, ale posunovala se po
predem pfipravené draze v suchém doku. Po vystrojeni tubusu se mohl
suchy dok zaplavit tak, aby hladina v fece a v doku byla na stejné vy3i. Pak
doslo k otevfeni §tétové stény a vytvofeni otvoru mezi suchym dokem
a fekou tak, aby tubus mohl byt piesunut do definitivni polohy v ryze v fig-
nim dné. Dva tazné zavésy ukotvené na protéj$im - holeSovickém - bfehu
tahly tubus vpied. Zadni brzdny zdvés predpinal lanovy systém, umoZioval
zabrzdéni pohybu a téZ pripadny pohyb tunelu zpét. Svisly zavés spojoval
tunel s pontonem, ktery nesl tihu tunelu v pfedni éasti redukovanou vztla-
kem vody, Zadni podpora tubusu klouzajici po draze pfenaSela vétsi cast
tihy a zajistovala stabilitu celého télesa. Po dosaZeni podpory na holeso-
vickém bfehu - téZ v jimce - se tunel opfel o predem pfipravené podpory na
koncich, a tim byla stabilizovana jeho poloha. Dale nasledovalo podepfeni
v fece podbetonovanim v pravidelnych vzdalenostech a pfikotvenim
ke dnu.

Postup vystavby je neobvykly a ndroény z nékolika divodd. Tunel je zakfi-
veny vyskové i smérove, a tim neni ve vodé stabilni - nemizZe plavat ani se
vznaset. To vylutuje pouziti plaveni, jak je to béZné napf. u mofskych tune-
IG. Plaveni je téz nemoZné z divodu malé hloubky vody v fece. Tunel se
miiie pohybovat pouze ve vyhloubené ryze. Kromé toho by bylo nemoziné
tunel nechat blizko hladiny, nebot by plsobil jako pfehrada. Vysuv tunelu,
podobné jako se vysouvaji mostni konstrukce, by byl téZ znatné obtizny,

EXCERPT

The first of the subway tunnels on the line IVC1 was built using a so-called laun-
ching method. Specific conditions given by the tunnel shape and the conditions in
the river called for a choice of an unusual application of the launching, i.e. shifting
of the pre-cast tunnel tube into the position, taking the advantage of the effect of
buoyancy. The description of the construction technique comprising principal pro-
blems is a continuation of previous articles describing the process of casting
waterproof concrete of the tunnel and related issues.

Key words: concrete, hydraulics, cables, metro, tunnel, launching, buoyancy

INTRODUCTION

The construction of the metro tunnels under the Vltava has to conform to the local
conditions. The position of the Nadrazi Holesovice station, the riverbed elevation
and the elevation of the station in the Kobylisy district, which is relatively high
above the Vitava valley, were the determinative features for the route to be led just
under the Vitava river's bed. The route layout design required a curve just in the
section under the river. The design resulted into two tunnel tubes bent in terms of
both the line and level. One of the tubes has already been built. The tubes form
two detached structures for individual tracks. On the Troja district side, their
distance is less than 1m, while on the Holesovice district side the gap is over 8m.
The thickness of the backfill above the roof deck ranges from 0.5 to 2m. It is impos-
sible to drive tunnels under such the conditions. The alternative of building cut
and cover tunnels within cofferdams was eligible. Although, because of the con-
ditions at the riverbed, it would have to be necessary to build 3 cofferdams, one at
a time. This would have required a long construction time and, for hydraulic rea-
sons, very large cofferdams. Metrostav a.s. proposed an alternative construction
techniqgue of so called launched tunnels as early as in the tender phase.
Advantages of the technique proposed consist in a significant shortening of the
construction time, reduction in excavation in the river bed and bank sections,
improvement of quality of the tunnel proper by application of more valuable mate-
rials, and, at last but not least, testing of new construction procedures applicable
in other modifications.

THE CONSTRUCTION PROCEDURE

The basic principle of the technique consists in concreting individual tubes in an
open cut - a dry dock - dug in the Troja bank at the location of future tunnels.
Therefore it is not necessary to excavate a special construction pit. The dry dock
is separated from the river by a sheet pile wall. A trench is dug in the riverbed,
which the tubes are lowered to subsequently. First, the trench was excavated for
one tube, after its lowering and final supporting the trench for the other tube will
be excavated and, in the same time, the first tube will be backfilled. When the
concrete structure of the tube was completed, internal balance tanks and steel
covers at both ends were installed. Anchoring elements were cast into the tube,
which two suspension systems were fixed to. Horizontal suspension cables secu-
red the position of the tube in the course of launching operations. Vertical sus-
pensions controlled the height of the front part of the tube above the river bottom.
The rear part of the tube was not suspended. It moved on a track prepared in
advance in the dry dock. After installation of the tunnel outfit the dry dock could
be flooded so that the water level in the river and in the dock were the same. Then
the sheet pile wall was opened and an opening was created between the dry dock
and the river, allowing the shifting of the tube into the final position in the trench
dug in the river bed. Two drawing suspensions cables anchored on the opposite
bank, i.e. the Holesovice bank, drew the tube forwards. Rear breaking suspension
cables pre-tensioned the whole cable system, allowed breaking of the movement
and movement of the tunnel backwards. A vertical suspension connected the tube
with a pontoon, which carried the weight of the tunnel, reduced in its front section
by buoyancy. The rear support of the tube, sliding along the track, carried the major
part of the weight, and secured the stability of the whole body. When the support
on the Holesovice bank, being in a cofferdam too, had been reached, the tunnel was
laid on supports prepared in advance at the ends. Thus its position was stabilised.
Supporting at the riverbed followed by means of concrete backfilling underneath,
at regular distances. Then the tunnel was fixed to the bottom by anchoring.
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Tunel

protoze by to vyZadovalo do¢asné podpory v fece a vysokou pfesnost jejich
polohy. Pod vodou ji nelze dosahnout. Tunel je téZ proti bézné, napf. most-
ni konstrukei velmi tuhy a vynucené deformace by byly pfi¢inou velkého
ohybového namahani a pravdépodobné i vzniku trhlin a ztraty vodotésnos-
ti.

VYZNAMNE ETAPY PROJEKTU A REALIZACE

Tézba ryhy ve dné Vitavy
(viz souvisejici élanek autor( Dostal, Nosek, Novotny)

Zakladové prahy a podloZi tunelu

Tunel v poloze "betonaz" byl betonovan na specidlné upravené podlozi.
Protoze se vyuzivalo pro manipulaci nadleh¢ujiciho efektu vztlaku vody,
bylo nutné zajistit pfitok vody do prostoru po tunelovy tubus. Podélné
betonové prahy, betonované jako zaklad pod stény tubusu a zaroven tvofi-
ci pojezdovou drahu, zasahovaly pouze asi 0,5 m pod vlastni tubus. Zbyly
prostor mezi prahy byl vypInén $térkem a s prostorem mimo tubus propo-
jen plastovymi propojkami zajidtujicimi pfivod vody. Tubus byl dale podlo-
zen profilovanou félii, aby se kontaktni plocha s podlozim co nejvice redu-
kovala.

Betonaz tubusu

Betondz a souvisejici problémy se zajisténim vodotésnosti tunelu jsou
popsany v pfispévku [1]. Pfesnosti betonaze s ohledem na zatizeni vlastni
tihou se zabyvala statistickd studie zpracovanad ve spolupraci s prof.
Teplym a jeho kolektivem. Casteéné zaplaveny tunel - viz fotoreportas,
obr. 6.

Systém dodateéného zatiZzeni tubusu

Rozméry tubusu jsou voleny tak, aby konstrukce ve vodé byla lehka a sama
o0 sobé plavala. Protoze plavani je vSak nezadouci, byly umistény uvnitf
tunelu vodni nadrze, které podle stupné svého naplnéni zajistovaly vysled-
nou tihu tunelu natolik velkou, aby tunel neplaval, a zaroven aby jeho tiha
byla pfiméfend s ohledem na ohybové namahani a stabilitu. Systém nadr-
ii umozioval plnéni a pfesun vody mezi nddrzemi pomoci dalkového, poCi-
tatem ovladaného systému fizeni.

Vyvazovani tubusu

Zaktiveny tvar tunelu je hlavni pfi¢inou jeho nestabilniho stavu ve vodé.
Proto byla zna¢nd obava z toho, jak zajistit stabilitu tunelu béhem vysuvu.
Podle projektovaného tvaru je sice mozné urcit, kde se ma tunel podepfit,
aby jeho poloha stabilni byla, av8ak tolerance vyroby a dalsi prvky na tune-
lu (ocelova vika, tazné zafizeni, apod.) mohou byt pfic¢inou odchylek od ide-
alniho projektovaného stavu. Proto bylo nutné experimentalné ovéfit, jaka
je skuteénd tiha tubusu a jeji rozdéleni v podélném i pficném sméru.
K tomu byly vyuzity hydraulické valce umisténé pod tubusem. Po zaplave-
ni se tunel na valcich nadzved| a z tlaku naméfeného na valcich se stano-
vila jeho tiha a reakce. Podle naméfenych hodnot byla stanovena definitiv-
ni zatéz v nadrzich uvnitf tunelu.

Zavésné zaFizeni na pontonu

Ponton umistény nad pfedni ¢asti tubusu pfenasel ¢ast svislého zatizeni
a zarovefi zprostfedkovaval fizeni polohy tubusu ve svislém sméru. Svislé
zavésy tvorené trojici lan po stranach pontonu byly podle potfeby zkraco-
vany, resp. prodluzovany dvojici dutych hydraulickych valch.

Tazné zafizeni

Tazné zafizeni sestavalo ze dvou tainych jednotek (fotoreportaz, obr. 8)
umisténych na holeSovickém brehu feky. Tazné zadvésy byly uspofadany
do tvaru pismene V, ¢imz se umoznilo Fizeni pohybu tunelu pidorysné po
kruhové draze. Tainé jednotky byly sestaveny z dvojice hydraulickych
dutych vélc uspofadanych za sebou. Lanovy zavés probihal obéma valci
a pfi tahu vidy jeden valec byl v tahu, zatimco druhy se vracel do pocatec-
ni polohy. Stfidavé plsobici valce tak zajistovaly plynuly tah za zévés, a tim
i moznost stalého pohybu tunelu. Valce hyly zasobovény olejem z hydrau-
lického ¢erpadla s proménnou rychlosti, tak aby se mohla sledovat zakfi-
vena draha pohybu. Souéasti tazného zafizeni byl téz deviator lan umisté-
ny na vodicim nosniku v pfedni &asti tunelu. Ten umoznil svym pojezdem
posun tazného bodu z pfedniho konce tunelu do uréité vzdalenosti tak, aby
bylo mozné tunel dotdhnout az do koneéné polohy, kdy jeho pfedni konec
dosahoval do okna v holesovické jimce.

Brzdné zafizeni

Brzdné zafizeni sestavalo z brzdného bubnu a hydraulického vélce. Jeho
Uloha spodivala v pfedpinani systému lan, a v moznosti okamzitého zasta-
veni tunelu. Dal$i funkce, kterd by mohla pfijit v Gvahu, je zpétny posun
tunelu v piipadé neotekavané udalosti nebo chybného fizeni. Brzdny zavés
byl pfipevnén k tunelu na zadni &asti. Hydraulicka ¢erpadla umoZnovala
vicestupriové Fizeni sil a rychlosti na brzdném systému.

Geodeticky systém sledovani

Na tubusu byly umistény 2 stozary (vpfedu a uprostfed) vystupujici nad
hladinu. Na nich byly pfipevnény geodetické terée. V zadni ¢asti byla sle-
dovana poloha na koming, kterym bylo moiné dovniti tubusu kdykoliv
vstupovat. Kromé doplitkovych zaméfovani byly nasazeny dvé totalni sta-
nice, které v pravidelnych intervalech zaznamenavaly automaticky polohu

The construction procedure is unusual and demanding for several reasons. The
tunnel is curved both in line and level, thus it is unstable in water, and cannot float.
This makes its floating, which is customary for example for immersed sea tunne-
Is, impossible. The floating is also impossible due to small water depth in the river.
The tunnel can move in the trench excavated in the river only. In addition, it would
be impossible to leave the tunnel near to the water surface since it would act as
a dam. Launching of the tunnel in a way similar to the incremental launching of
bridge structures would also be very difficult because this would require tempo-
rary supports in the river and high accuracy of their position. This cannot be achie-
ved under water. In addition, compared with a common bridge structure, the tunnel
is a very tough structure, and enforced deformations would cause severe bending
stresses and presumably the occurrence of cracking and loss of water-tightness.

IMPORTANT PHASES OF THE DESIGN AND EXECUTION

Excavation of the trench in the Vitava riverbed

A layer of gravel sands about 4m thick is found at the riverbed. Underneath, there
are clayey shales, forming a rather compact rock layer. The excavation of the
trench about 10m wide at its bottom was excavated by means of a grab and par-
tially by shovel excavators. The shape of the excavation was checked up by divers,
using a steel template checking the evenness and the shape of the bottom at regu-
lar spacing.

Foundation strips and the tunnel sub-base

The tunnel, at its casting location, was cast on a specially treated sub-base. Since
the buoyancy effect was utilised for its handling, a water inflow into the space
where the tunnel tube was cast had to be ensured. The longitudinal concrete
strips, serving as a foundation under the walls of the tube and in the same time
forming the track, reached about 0.5m under the tube body. The space remaining
between the strips was backfilled with gravel and connected with the space bey-
ond the tube by means of plastic pipes ensuring the water inflow. In addition, pro-
filed foil was placed under the tube so that the area of its contact with the sub-base
was reduced as much as possible.

Casting of the concrete tube

Concrete casting and related problems about securing the water-tightness of the
tunnel have been described in the article [1]. The accuracy of the casting in terms
of the self-weight load was the topic of a statistical study developed in collabora-
tion with Prof. Teply and his collective. The partially flooded tunnel can be seen in
Fig. 1.

Additional tube loading system

The tunnel dimensions were chosen so that the structure in water was lightweight
and floated on its own. Although, as the floating was undesirable, water tanks
were installed inside the tunnel, which, depending how much they were filled, pro-
vided such the resultant weight of the tunnel, which would prevent the tunnel
from floating and, in the same time, was adequate with respect to the bending
stresses and stability. The system of tanks allowed filling and transfer of water bet-
ween the tanks by means of a remote, computer managed controlling system.

The tube balancing

The curved shape of the tunnel is the main cause of its unstable state in water. For
that reason there were fears about the manner of securing the tunnel stability
during the process of launching. Although it is possible, for the designed shape,
to determine where the tunnel is to be supported to assume a stable position, the
production tolerances and other elements of the tunnel (steel covers, drawing equ-
ipment etc.) can be a cause of deviations from the ideal designed state. Therefore
it was necessary to verify experimentally the actual weight of the tube and its
distribution in the longitudinal and transversal directions. Hydraulic cylinders pla-
ced under the tube were used for this purpose. After its flooding, the tunnel was
lifted by the cylinders, and its weight and reactions were determined by measu-
ring the pressure on the cylinders. The final loading by means of the tanks placed
inside the tunnel was designed using the measured values.

Suspension equipment on the pontoon

The pontoon located above the front section of the tube carried a part of vertical
load and, in the same time, was used for the control of the tube position in verti-
cal direction. Vertical suspension consisting of three cables on either side of the
pontoon were shortened or elongated by a pair of hollow hydraulic cylinders as
required.

Drawing equipment

The drawing equipment consisted of two drawing units (see Fig. 2) placed on the
Holesovice riverbank. The drawing cables were arranged in the shape of letter V.
This arrangement made the control of the tunnel possible so that it could move
along a path circular in the ground plan. The drawing units were composed of
a pair of hollow hydraulic cylinders arranged in a series. The cable suspension ran
through both cylinders. When the drawing was in progress, one cylinder was dra-
wing while the other one was returning to the starting position. The alternately
acting cylinders ensured a fluent drawing force acting on the suspension, thus
a continual movement of the tunnel was possible. The cylinders were supplied
with oil by a hydraulic pump with adjustable output so that the curved path of the
movement could be followed. A cable deviator installed on a guide beam at the
front section of the tunnel was also a part of the drawing equipment. Through its
movement, it enabled shifting of the drawing point from the front end of the tun-
nel to a certain distance so that the tunnel could be drawn up to the final position
where its front end reached to the opening in the Holegsovice-side sheet pile wall.
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tunelu smérové i vyskové. Udaje se zobrazovaly na obrazovce potitate
a piimo odtud byly sledovany technikem ovladajicim taine a brzdné
jednotky. Systém tahu tak mohl byt fizen poloautomaticky s vysokou spo-
lehlivosti a pfesnosti.

Definitivni podepfeni tunelu

Po usazeni tubusu na koncové betonové prahy bylo nutné zajistit kontakt
mezi dnem vykopu a dnem tunelu. Do prostoru mezi vykop a tunel byly
vlozeny textilni vaky, které se plnily erstvym betonem. Vaky se betonem
vypliovaly pomoci trouby, ktera spojovala vak s nasypkou nad hladinou
feky. Tlak betonu je dostateény k aktivaci takto provedenych podpér, které
byly umistény vidy pod sténami tunelu v podélném sméru ve vzdaienosti
6 m. Déle se tunel pFikotvil k podlozi, aby byl zajistén téZ proti vodorovnym
Géinkim a proti zvednuti, (Podrobnosti - viz &lanek autorli Dostal, Nosek,
Novotny)

REALIZACE VYSUVU

Vysuv tunelu pfedstavoval jednu z vrcholnych akei celé vystavby. Velka
hmotnost tubusu, neznamé parametry jako tfeni na zadnich podporéach
nebo zatizeni tlakem proudu v fece, které se daly jen odhadovat, vyZado-
valy velké soustfedéni pro zahajeni posunu. Navic bylo nutné pomérné
presné projet tubusem otvorem ve Stétové sténé trojske jimky. Pocatecni
sily v zavésech byly uréeny vypoftem a nastaveny na zafizeni tak, aby
nastal rovnovainy stav. Zvysenim tahu na taznych jednotkéch a uvolnénim
tlaku na brzdné soustavé se tunel dal do pohybu. Zhruba v poloviné trasy
se pfesunul deviator pfi zachovani pohybu snizenou rychlosti. Celkem trval
vysuv asi 9 hodin véetné prestdvek vynucenych pro kontrolu a Zisténi
vysuvné drahy a odstranovéni drobnych prekazek. Maximalni dosaiens
rychlost se blizila 40 m/hod. Presnost fizeni se sledovala prostfednictvim
boéni odchylky od projektované trasy vysuvu. Ta se zpocatku pohybovala
v rozmezi = 200 mm, pozdéji £100 mm. V koneéné poloze namérena odchyl-
ka byla mensi ne? 20 mm. Ukézalo se, Ze hydraulicky systém tainych
a brzdnych zavés spoletnd s geodetickym sledovanim predstavovaly
jedny z nepfesnéjsich ¢innosti béhem celé vystavby.

TECHNICKE UDAJE

Délka tubusu 168 m
Hmotnost tubusu 6700 t
Prafezové rozméry vné 6,48 x 6,48 m
Tloustka stén 730 mm
Tloustka dna a stropu 700 mm
Polomér smérového zakfiveni prava kolej 750 m
Polomé&r smérového zakfiveni leva kolej 670 m
Polomér vyskového zakfiveni 3800 m

ZAVER

V soudasné dobé je vysunut do feky prvni z tubust. ZkuSenosti ukazaly,
7e celkové koncepce technologie byla zvolena spravné. Betonai, priprava
vysuvu i vysuv probéhly podle ogekavani, bez zvladtnich problémd.
Podrobna pfiprava viech diléich operaci byla nutnosti pro Uspésné prove-
deni vysuvu, Subdodavatel tainého a brzdného zafizeni VSL Systémy (CZ)
prinesl své zkudenosti, coz se projevilo bezproblémovym a spolehlivym
presunem tunelu. Pecliva pfiprava betonové smési a betonaze se téZ vypla-
tila, protoe dnes jiZ lze konstatovat, e po 3 mésicich pod vodou tunel
prakticky nevykazuje prisaky. Pro druhy tunel se proto nepfedpokladaji
zasadni zmény v postupu praci, avak budou provedena drobna zlepseni
podle dosud ziskanych zkusenosti. BetonaZ druhého tubusu probéhne
béhem jara a vysuv by mél byt dokenéen do poloviny roku 2002,

Pii realizaci dila byly vyuzity poznatky ziskané pfi feSeni grantovych pro-
jektt GACR ¢&. 103/99/0734 a 103/00/0615

Literatura
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Breaking device

The breaking device consisted of a break drum and a hydraulic cylinder. Its role
was to pre-tension the cable system and alfow an instant stoppage of the tunnel.
Another applicable function is the possibility to move the tunnel backwards in
a case of an unexpected event or erroneous guidance. The breaking device was
attached to the tunnel at its rear part. Hydraulic pumps allowed a multi-stage con-
trol of forces and velocities on the breaking system.

Geodesic monitoring system

Two masts were erected on the tube (at the front end and at the midpoint), pro-
truding above the water surface, with geodesic targets mounted on. The position
of the rear section of the tube was monitored on a shaft enabling an entry inside
the tube whenever needed. Apart from complementary surveying, 2 total stations
were utilised, which recorded the position of the tunnel in terms of its line and
Javel automatically. The data were shown on a computer display and they were
observed directly by a technician operating the drawing and breaking units. Thus
the drawing system could be controlled semi-automatically, with a high level of
reliability and precision.

Final tunnel support

When the tube had been placed on the end concrete strips, it was necessary to
ensure a contact between the bottom of the trench and the bottom slab of the tun-
nel, Textila bags were inserted into the space between the excavation and the tun-
nel and filled with fresh concrete. A pipe was used for the concrete filling, which
connected the bag with a hopper above the river surface. The concrete pressure is
sufficient for activation of the supports built in such the way. The supports were
located under either wall of the tunnel, at a spacing of 6m. In addition, the tunnel
was anchored to the sub-base so that to safeguard it against horizontal effects and
buoyancy.

Launching

The tunnel launching presented one of the most complex operations of the whole
construction. The heavy weight of the tube, unknown parameters of the friction on
the rear supports and of the load imposed by the water flow, which could be esti-
mated only, required high concentration for the beginning of the shifting action. In
addition, it was necessary to pass through the opening in the sheet pile wall of the
Troja pit with a relatively high accuracy. The initial forces in the suspension cables
were determined by a calculation, and the equipment was adjusted so that the
equilibrium state was achieved. The tunnel was set moving by increasing the ten-
sion introduced by the drawing units and releasing the pressure on the breaks.
Roughly at the midpoint of the route the deviator was shifted, with a reduced
speed of shifting maintained. The overall launching operation, including breaks
necessary for checking and cleaning of the launching track and removal of minor
obstacles, took about 9 hours. Maximum speed achieved reached nearly 40 m/h.
The accuracy of steering was monitored through a side deviation from the desig-
ned launching path. At the beginning it varied within a range of = 200mm, later on
+ 100mm. The deviation measured at the final position was less than 20mm. The
hydraulic system of drawing and breaking suspensions, together with the geode-
sic monitoring, have proven to be ones of the most accurate activities in the cour-
se of the whole construction.

TECHNICAL DATA

Tube length 168 m

Tube weight 6,700 t
External cross section dimensions 6.48x6.48m
Wall thickness 730 mm
Bottom and roof deck thickness 700 mm
Directional curve radius - right track 750 m
Directional curve radius - left track 670 m
Vertical curve radius 3,800 m
CONCLUSION

Currently the first tube launching across the river has been completed. The expe-
rience has shown that the choice of the overall conception of the technique was
correct, Concrete casting, preparation of launching and its execution were perfor-
med according to the expectations. The detailed planning of all partial operations
was essential for the successful launching. VSL Systémy (CZ), subcentractor for
the drawing and breaking equipment, brought its experience, which contributed to
the trouble-free and reliable process of moving the tunnel. The thoughtful prepa-
ration of the concrete mix and casting has also paid since nowadays it is possible
to state that the tunnel being 3 months under water exhibits no leakage. For that
reason no substantial modifications of the working process are expected.
Although, minor improvements will be adopted according to the experience gai-
ned so far. Casting of the second tube will take place in the spring, and the laun-
ching should be completed by the middle of 2002.

The knowledge gained in the process of solving the GACR grant projects
No. 103/99/0734 and 103/00/0615 was utilised in the execution of the works
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SUCHY DOK, PROVEDENI ZAREZU
A STABILIZACE PRAVEHO TUNELU TRASY METRA IV C1
POD REKOU VLTAVOU V PRAZE-TROJI

THE DRY DOCK, EXECUTION OF THE OPEN BOX
AND STABILISATION OF THE RIGHT TUNNEL OF THE METRO
LINE IV C1 UNDER THE VLTAVA RIVER IN PRAGUE-TROJA

ING. STANISLAV DOSTAL, ING. MILOSLAV NOVOTNY - METROSTAY, a. s.
ING. PETR NOSEK - GE ATELIER

uvoD

Koncepce piekonani feky Vitavy trasou C praiského metra mezi
HoleSovicemi a Trojou méla slozity vyvoj. Hlavni viiv mély dvahy o pokraco-
vani trasy z HoleSovic, kde provozovana trasa C stanici Nadrazi HoleSovice
docdasné konéi. Zvazovany byly v zadsadé dvé varianty vedeni trasy. Delsi by
pfimo obsluhovala i vzdalenéjsi sidlisté Bohnice a pak by teprve sméfovala
pies Kobylisy do severnich sidlist Prahy. Krat§i varianta méla pfimo vést pies
Kobyliské namésti a dale iz pokracovat v trase del$i varianty.

Soucasné bylo nutné zvazovat s ohledem na morfologii terénu, ktery se na
trojském biehu Vltavy prudce zveda, zplsob ptekonani Fecisté Vlitavy.
Vysledné moznosti byly dvé - most, nebo tunely metra mélce zahloubené
pod dnem feky.

V r. 1998 bylo zodpovédnymi organy rozhodnuto o realizaci kratké varianty
s podchodem metra pod dnem Vltavy. V této varianté vznikla nutnost zakfi-
veni sméru i nivelety tunell pod fekou pfi minimalnim zahloubeni pod jejim
dnem. V fedeni byly zapracovany i pozadavky fi¢ni plavby a stanoviska
spravce toku.

Princip v soutasné dobé realizovaného feseni tunelového podchodu Vitavy
spociva v postupném vysunuti obou nezavislych komorovych profilii jedno-
kolejnych tunelil ze suchého doku v trojském biehu do vykopu ve dné feky
a jimky na holeSovické strané. Zatazeni pravého tubusu je provedeno
pomoci lanovych zavésl tazného a brzdného zafizeni na holesovické, resp.
trojské strané, s vyskovou stabilizaci zavésenim na pontonu zhruba ve tfeti-
né rozpéti tubusu od holeSovického éela. Po stabilizaci obou takto zataze-
nych tubusi ve vykopu a utésnéni jimek na hole$ovické i trojské strané
budou na tubusy pfipojeny tunely ve sméru k néadrazi Holesovice a do
Kobylis. Jejich monolitické Zelezobetonové konstrukce budou provadény
v prostoru fiéni terasy v jamach zajisténych podzemnimi sténami.

Vlastni tubusy v fecisti budou na bocich zasypany vytézenymi Stérkopisky,
nad stropy bude do Ulrovné plvodniho dna proveden ochranny tézky
kamenny zahoz.

Vyvoj feSeni pfechodu Vltavy byl popsan napfiklad v pfispévku autord Kutil,
Jindra, Romancov a R{zicka, ktery byl pod nazvem "Metro do Severniho
mésta - tunely na IV. provoznim Useku trasy C prazského metra" uvefejnén
ve sborniku mezinarodni konference Podzemni stavby Praha 2000 [Praha
10/2000].

Koneénym FeSenim podchodu Vitavy se pfehledné zabyvé doc. ing. Jan
L. Vitek, CSc. v ¢lanku "Tunely metra pod Vltavou na trase IV C1" v &isle
4/2001 casopisu Tunel.

Timto textem chceme poskytnout podrobnéjsi informaci o provedeni suché-
ho doku na trojskeé strané feky Vltavy, o pfipravé a provadéni zemnich praci
v feCisti Vltavy pro pravy (povodni) tunel a o feseni jeho stabilizace v zafezu
ve dné Feky.

GEOTECHNICKE POMERY

Staveniété se nachazi ve vitavském dadoli v rozsadhlém meandru feky. Jeji
dno tvofi sedimenty - pisky, pisky se 5térkem aZ hrubym pis¢itym $térkem,
ktery obsahuje, hlavné u baze, znaény obsah hrubé frakce s balvany kie-
menc, buliznikl a granitl. Mocnost terasovych sedimentl je az 7,5 m pod
Urovni dna feky. Predkvarterni skalni podklad tvofi ordovické horniny,
v dané lokalité zastoupené prevazné jilovitymi bfidlicemi letenskych, liben-
skych, event. vinickych vrstev. Pfi povrchu jsou bfidlice ve stavu eluvia, nize
pak zvétralé aZ navétralé.

INTRODUCTION

The development of the concept of the Prague metro line C between the
Holesovice and Troja districts passing across the Vitava River was complica-
ted. It was mainly affected by considerations regarding the continuation of
the line from Holesovice, where the operating line C is temporarily termina-
ted at the Nadrazi Holesovice Station. Basically two variants of the route
location were contemplated. The longer one would have directly served
even the remoter residential community of Bohnice and only then headed,
via the Kobylisy district, towards the northern Prague settlements. The shor-
ter variant was to be led directly through the Kobylisy Square, and then to
continue along the route of the longer variant.

At the same time, with respect to the terrain morphology, which steeply
ascends on the Troja bank of the Vitava, it was necessary to consider the
manner of passing across the river. There were two final options, i.e. a brid-
ge or metro tunnels embedded shallowly under the river bottom.

In 1998 the responsible bodies decided on the realisation of the short vari-
ant, with the metro passing under the Vitava river bottom. A necessity arose
within this variant to curve both the horizontal and vertical alignment under
the river, at a minimum depth under its bottom. Requirements of river navi-
gation and the opinion of the river administration were also incorporated
into the solution.

The principle of the currently realised solution of the tunnel passing under
the Vitava consists in a stepwise shifting of the both independent box profi-
les of the single-track tunnels out from the dry dock built at the Troja bank
into a trench excavated in the river bed and a bank cofferdam built on the
Holesovice side. Drawing of the right tube is carried out by means of cable
suspenders, i.e. drawing and breaking systems installed on the Holesovice
and Troja sides respectively, together with the level stabilisation by means of
a suspension device installed on a pontoon positioned roughly at one third
of the tube, measured from the Holesovice end. After the shifting and stabi-
lisation of the both tubes in the trench and sealing of the cofferdams on the
Holesovice and Kobylisy sides, the tunnels heading towards the Holesovice
station and Kobylisy will be connected to the tubes. The reinforced concrete
structure of the tunnels will be cast in situ in the open box supported by dia-
phragm walls, in the area of the river terrace.

The tubes within the river bed section will be backfilled on the sides with
gravel sands excavated beforehand, and a protective stone armouring will
be carried out above the roof decks up to the level of the original river bot-
tom.

The development of the Vitava crossing design has been described for
example in the paper by the authors Kutil, Jindra, Romancov and Ruzicka,
headed "The Metro to the Northern City - tunnels on the IV. Operational sec-
tion of the Prague Metro line C" published in the volume of papers of the
international conference Underground Construction Prague 2000 [Prague
10/2000].

The final solution of the Vitava underpassing is dealt with by Ing. Jan Vitek,
CSc in his article "Subway below Vitava on the IV C1 line" published in the
Tunel magazine No. 4/2001.

Through this text, we would like to provide a more detailed information on
the execution of the dry dock on the Troja side of the Vitava River, planning
and execution of the groundwork in the Vitava river bed for the right tunnel
(the downstream one), and the solution of its stabilization in the trench in the
river bed.
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V brehovych ¢astech jsou v nadlozi §térkovych sediment( ulozeny nejmlad-
$i povodnové sedimenty v podobé piscitych hlin az jemnozrnnych pisk.
Povrch Gzemi tvofi navazky.

Dno zéfezu ve dné feky zasahuje do skalniho podkladu maximalné 3,5 m,
u holesovické strany se niveleta tunelt zveda a pro ulozeni tubusti na tnos-
né podloZi musi byt provadéna lokalni prohloubeni vykopu.

TROJSKA STRANA - SUCHY DOK

Suchy dok je umistén na trojském biehu v trase tunell metra ve sméru do
Kobylis a ¢astecné zasahuje do fedisté. V doku je postupné vidy jeden tubus
tunelu vybetonovan a vystrojen v¢. uzavieni koncovymi viky pfed viastnim
zatazenim. Po zaplaveni doku je jeho ¢elo ¢astecné demontovano {pfislugna
polovina} a tubus se zatahuje do pfipraveného zafezu ve dné ieky a do jimky
na hole$ovické strané. S mezioperaci opétného osazeni a utésnéni ¢ela doku
a vyéerpani vody se postup opakuje pro druhy tubus. Po definitivnim usa-
zeni druhého tubusu ve dné feky a opétném utésnéni cela jimky budou
vybetonovany biehové ¢asti tunell. Po jejich zkompletovani bude jimka
suchého doku zrusena zasypem a bieh upraven do pGvodniho stavu.
Konstrukce suchého doku je navriena na ochranu pracovisté pfi dvouletém
povodiovém pritoku v fece, ktery je dén hladinou 181,20 m n. m. Vykop
v jimce v nejhlubsim misté dosahuje urovné 167,70 m n. m., coz znamena
maximalni moznou hloubku dna vykopu 13,5 m pod hladinou. Tato zakladni
data a pozadavek na demontovatelnost a opétné sestaveni ¢elni stény doku
implikuji znacnou statickou naroc¢nost konstrukei zajisténi stavebni jamy.
Pazici konstrukce suchého doku v jeho biehové casti je tvofena monolitic-
kymi zelezobetonovymi podzemnimi sténami tloustky 600 mm kotvenymi az
ve tfech vyskovych urovnich predpinanymi pramencovymi kotvami. Spodni
dvé lrovné kotveni jsou situovany pod hladinu pofiéni podzemni vody ve
znacné propustném prostiedi sedimenti vltavské terasy, vrtani a osazovani
kotev bylo tak provadéno pod ochranou specialné vyvinutych preventrd,
které odolavaly tlakiim az 10 m vodniho sloupce. Podzemni stény byly v této
bfehové &asti doku provadény z upraveného terénu min.1,5 m nad hladinou
podzemni vody. Na obou stranach po délce doku je souvislost podzemnich
stén pravidelné porusovana "lamelami" z osmi §tétovnic, jejichZ vytazenim
pfi rueni jimky budou v definitivnim stadiu vytvofeny podminky pro prou-
déni pofiéni podzemni vody.

Mimofadnym prvkem zajisténi jamy suchého doku je jeho ¢elni ¢ast zasa-
hujici do fecisté. V této partii je pfi provedeni vykopu ve dné feky odstrané-
na zemina i na rubové strané paZeni a neni tak mozné podporovat pazici
stény kotvenim. Boky ¢elni ¢asti paZeni tvofi monolitické Zelezobetonové
podzemni stény tloustky 600 mm, do kterych jsou v drovni ptivodniho dna
fe€isté nasazeny $tétovnice L Ill n.

S ohledem na nutnost demontaze ¢elni stény je tato navriena ze $tétovnic
PU 25 osazovanych do ryhy podzemnich stén provedené asi 6,5 m pod
povrch skalniho podkladu a vypInéné jilocementovou samotuhnouci sus-
penzi. Stabilitu pazeni zajistuje relativné masivni vnitini rozepfeni ocelovy-
mi rozpérami pfes ocelové, resp. zelezobetonové pievazky (fotoreportéz,
obr. 1).

Piedpokladané zatizeni pazici konstrukce v nékolika pracovnich fazich zahr-

GEODECHNICAL CONDITIONS

The construction site is located in the Vitava River valley, in a large river
meander. The river bed consists of sediments, i.e. sands, sands with gravel
to coarse sandy gravel, which contains, mainly at the base, a significant por-
tion of a coarse fraction with quartzite, flinty shale boulders and granites.
The terrace sediments thickness is up to 7.5m below the river bottom. The
Prequaternary bedrock consists of the Ordovician rocks represented mostly
by claey shales of the Letna, Liben or Vinice strata. The shales found close to
the surface are in the state of eluvium, while lower strata are weathered to
little weathered.

In the bank areas, the youngest flood-plain sediments in a form of sandy
loams to fine sands overlay the gravel sediments. The surface of the area is
covered by made ground.

The bottom of the trench in the river bed reaches 3.5m down to the bedrock
as a maximum. The vertical alignment of the tunnels ascends on the
Holesovice side, therefore an extra depth has to be excavated to reach a bea-
ring ground for the tubes placement.

THE TROJA SIDE - THE DRY DOCK

The dry dock is located on the Troja bank, on the route of the metro tunnels
in the direction towards Kobylisy. It is extended into the river partially. The
tubes are cast in the dock, one at a time, and fitted out, including closing the
ends with covers before the tube launching. Before the dock flooding its
front wall is dismantled partially (the respective half) and the tube is drag-
ged into the trench excavated in the river bottom and to the cofferdam on
the Holesovice side. The operation is repeated for the second tunnel, with an
intermediate operation consisting in repeated installation and sealing of the
dock front wall and evacuation of water. After the final placing of the second
tube in the river bed and repeated sealing of the front wall of the cofferdam,
the bank sections of the tunnels will be cast. The dry dock will be backfilled
and the bank reconstituted once the work has been completed.

The structure of the dry dock has been designed to provide protection for the
working site at a 1in 2 years flood flow in the river, which is given by a river
water level of 181.20 m ASL. The excavation in the cofferdam reaches up to
a level of 167.70 m ASL at its deepest point, which means a maximum depth
of the excavation bottom of 13.6m below the water surface is possible.
These basic data and the requirement for a possibility to dismantle and rein-
stall the front wall of the dock imply a considerable static complexity of the
structures supporting the construction pit.

The supporting structure of the dry dock at its bank part consists of 600mm
thick in-situ reinforced concrete diaphragm walls anchored at three levels by
pre-tensioned stranded anchors. The two lower anchoring levels are situated
under the water table existing along the river, in a significantly permeable
environment of the Vltava terrace sediments. Therefore the drilling for the
anchors and their installation were protected by means of specially develo-
ped sealing elements, which resisted a head of up to 10m water column. The
diaphragm walls within this bank section of the dock were built from a for-
mation level 1.5m above the water table as a minimum. The continuity of the
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Obr. 1 Pri€ny ez tubusu uloZeného v zafezu ve dné

Fig. 1 Cross section through the tube placed into the trench in the river bottom
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nujicich vy€erpani doku, opétovné napusténi, otevieni stfidavé obou polo-
vin ¢elni stény pro zatahovani jednotlivych tubusd, vlastni zatahovani tubu-
sl s moznosti kolize vysouvaného komorového profilu s paZici konstrukei ¢i
event. vinobiti si vyzadalo ndvrh nestandardnich prvkd. Za takové lze pova-
Zovat posileni bo¢nich podzemnich stén lamelami tvaru mohutnych T-profi-
IG v kombinaci s piikotvenim jejich pat do skalniho podloZi mikropilotami,
pouZiti dovozovych §tétovnic PU 25 s velkou Ginosnosti nebo vytvoreni zele-
zobetonového rdmu ve tvaru dvojitého U nad UloZnym prahem tunelu uvnitf
jimky ohranicujiciho rozehiratelné ¢asti Celni stény a chraniciho zamky $té-
tovnic proti event. poskozeni zatahovanym tunelem.

V boénich podzemnich sténéch Celni partie suchého doku byly osazeny pru-
chodky pro navafeni napoustéciho zafizeni se Soupaty pro zaplavovani
jimky z dlvod( technologickych a pro pfipad nutnosti zaplaveni jimky pfi
vyssich povodnovych stavech.

Svislé pazici konstrukce byly v této ¢elni partii provadény z pracovni plochy
upravené na nasypu do fecité opét v urovni min. 1,5 m nad hladinou feky.
Tézba ryhy podzemni stény byla zahajena ve stfedu ¢elni stény s mimofad-
né presnym osazenim specialné upraveného $tétovnicového prvku v ose
jimky. Tento prvek byl posléze v jimce napojen na stiedni pilif Zelezobeto-
nového 2U rdmu a tvofi tak trvaly nerozebirany vodici prvek stétovnic Celni
stény. Provadéni stén déle pokracovalo k napojeni ¢ela jimky na podzemni
stény brehové ¢asti doku.

S postupujicim vykopem doku byly v ¢elni partii osazovany masivni pfevaz-
ky a rozpéry. Nerozebirané pievazky v bocnich sténach pod urovni dna
fecisté byly navrzeny z monolitického Zelezobetonu, prevazky v prvni vys-
kové urovni a v ¢ele jimky ve druhé a tfeti rozpérné trovni byly provedeny
z dvojic ocelovych valcovanych profild | ¢, 400 a HEA 450.

Rozpéry jsou v napojeni na bfehovou &ast doku navrieny na celou $ifku
jimky z ocelovych trub 630/10, proti Celni sténé jsou navrzeny rohové §ikmé
rozpéry ve tvaru ¢lenénych prutl z dvojic | ¢. 400, resp. | ¢. 450. V suchém
doku se nasledné montovala forma z bednéni PERI pro postupnou betonaz
segmentll tubusu (fotoreportaz, obr. 2).

Ve dné jimky byl proveden podél celni stény slabé vyztuzeny betonovy tloz-
ny prah, do néjz jsou vetknuty prostfednictvim mikropilot jiz zminéné svis-
|é pilite ¢elniho 2U ramu.

V pribéhu zaplavovani doku jsou postupné v jednotlivych drovnich rozebi-
rany trubni rozpéry, rohové rozpéry a prevazky v pfislusné poloviné Cela
jimky. Stétovnice PU 25 jsou v rozsahu poloviny &elniho ramu jimky pota-
péci odFiznuty v rovni 2 az 5 cm pod povrchem tlozného prahu a vytazeny
vibratorem. Po ulozeni a stabilizaci tubusu jsou tyto Stétovnice sefiznuty
(boky tunelu), resp. zkraceny o vysku zaplaveného tubusu a posléze opét
osazeny jako pazZici a tésnici prvek ¢ela doku. Zelezobetonovy &elni ram
jimky i viastni tubus jsou opatfeny tésnicimi prvky (plastovy waterstop osa-
zeny v nikach) a voditky {ocelové L a U profily) pro umisténi "na miru" pfi-
pravenych ocelovych panell slouzZicich jako ztracené bednéni pro betonaz
tésniciho prstence v prostoru celniho rdamu jimky. Kromé tésnicich prvka
a ztraceného bednéni jsou ve stropni desce tubusu fixovany mohutné ocelové
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diaphragm walls on either side of the dock is regularly broken by "lamellas"
consisting of eight sheet piles. Once the cofferdam is abolished and the
sheet piles extracted in the final stage, conditions will be created for the flow
of the groundwater along the river.

An extraordinary element of the dry dock's pit support is its front part exten-
ding into the river bed. Within this part, in the process of excavation work in
the river bed, ground is even removed on the back side of the timbering,
thus it is impossible to support the timbering by anchoring. The sides of the
front part of the timbering consist of 600mm thick cast-in-situ reinforced
concrete diaphragm walls with L Il n Larsen sheet piles keyed into their tops,
at the original river bottom level. Because of the necessity of dismantling the
front wall, the wall has been designed from PU 25 sheet piles installed into
the trench excavated for the diaphragm walls up to the depth of about
6.5m under the bedrock surface and backfilled with clay-cement self-setting
slurry. The stability of the timbering is secured by relatively massive internal
bracing with steel struts and steel or reinforced concrete whalers (see
Photoreport, Fig. 1).

The expected load on the support structure in several working phases com-
prising the dock draining, repeated flooding, alternate opening of the both
halves of the front wall for the launching of the individual tubes, a possibili-
ty of a collision of the box beam with the timbering structure in the course
of the launching of the tube proper, or beating of waves required non-stan-
dard elements to be designed. We can mention the strengthening of the side
diaphragm walls by lamellas in a shape of bulky T-sections combined with
anchoring of their toes to the bedrock by means of micropiles, the use of
imported high-bearing-capacity sheet piles PU 25, or creation of a reinforced
concrete frame in a shape of double-U above the tunnel foundation strip insi-
de the dry dock, surrounding the dismountable parts of the front wall and
protecting the sheet pile clutches against damaging by the moving tunnel
tube.

Pipe sleeves were installed in the side diaphragm walls of the front part of
the dry dock, which the filling equipment with valves were welded to subse-
quently, serving for flooding of the dock for technological reasons and, if
needed, for emergency flooding of the dock in case of high water.

Vertical timbering structures within this front part were executed from a wor-
king platform prepared on an embankment filled into the river, again at the
minimum level of 1.5m above the water surface. Excavation of the trench for
the diaphragm wall started at the midpoint of the front wall, with an extra-
ordinarily accurate placement of a specially modified sheet piling element
on the cofferdam axis. Consequently, this element was connected in the cof-
ferdam to the central pillar of the reinforced concrete 2U frame, forming
a permanent guiding element of the front wall sheet piles, which was not to
be dismantled. The execution of the walls will continue up to the connection
of the cofferdam face to the diaphragm walls of the bank part of the dock.
Massive whalers and struts were installed with the dock excavation progres-
sing at the front part. Non-disassembled whalers on the side walls under the
river bottom level were designed in in-situ reinforced concrete, the whalers
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konzoly, proti nimi jsou zp&tné osazovany rozpéry tieti vyskové drovné.
S postupnym vyéerpavanim vody z doku po zatésnéni Celni stény betonézi
prstence je zpétné sestavovan v piisludnych drovnich rozpérny systém
jimky. Vzhledem k celkové povaze konstrukce s uvaZenim jejich moznych
tvarovych zmén v pribéhu véech pracovnich fazi v fadu aZ prvnich desitek
milimetr( jsou viechny spoje navrieny montainé svafované.

Pasici konstrukce zasahujici do Fegisté bude v definitivnim stadiu odstrané-
na odfiznutim &t&tovnic v drovni plvodniho dna.

ZEMNI PRACE V RECISTI

Pro ulozeni pravého {povodniho) tunelu byl napfi¢ fe¢istém navrien zéfez
§itky v paté 12,0 m se svahovanim 1:2 v bfidlicich a 1:2,5 ve §térkopiscich.
Vykop byl operativné béhem stavby rozsiten proti vodé o 2,0 m s cilem posi-
leni akumulaéniho prostoru pro splaveniny una$ené fiénim proudem.
Maximalni hloubka vykopu pod normalni hladinou v fece (180,15 m n. m.,
pramérna hloubka feky 4,0 m) je 12,4 m, mocnost tézby ve §térkopiscich
dosahovala az 7,5 m pod dnem feky, maximalni zahloubeni v prostoru nej-
nizdiho bodu nivelety bylo 3,5 m pod povrch skalniho podloZi. Zemni prace
v Fetiti reprezentuji zhruba 30 000 m? §térkopiskd a 9 500 m® bfidlic.

S ohledem na celkovou hloubku vykopu pod hladinou byla nasazena tech-
nologie tézby pomoci drapakd a bagru se spodovou lZici na rameni 17 m.
Podvodni buldozer schopny pracovat v této hloubce neni v Ceské republice
k dispozici. V soupefeni obou nasazenych technologii se v priibéhu praci
ukazala spodova l¥ice bagru Komatsu PC 250 jako malo efektivni a vétdina
praci byla provedena lanovymi drapaky zavésenymi na nosicich Liebherr
a UB (fotoreportaZ, obr. 4). Tézebni mechanismy byly umistény na lodi
Hanka a JTC 1000, vytézeny material byl ukiddan do tlaénych van, které byly
obsluhovany &lunem "Mogal". V provizornim pfistavidti vybudovaném
v rémci staveni$té je vykopek z ¢asti deponovan pro pouZiti ke zp&tnym
zésypiim, zbyvajici objem zemin je transportovan na skladku.

B&hem provadéni zemnich praci se nepotvrdil mozny vyskyt tvrdych poloh
v prostiedi skalniho podloZi (drobové bridlice, piskovce az kiemence) a bfid-
lice byly tZitelné nasazenou technologii. Nebylo tak nutné pouZit rozpojo-
vani hornin stfelnymi pracemi, jejich aplikace by nepochybné vyrazné
negativné zasahla do napjatého harmonogramu praci. Naopak nizsi kvalita
btidlic ve svrchni poloze si vyZadala prohloubeni vykopl v mistech podpor
tubusu blize hole$ovické jimky a jejich vyplnéni betonem.

Jedinym zasadnim problémem vykopovych praci zustalo ovéfovani vysko-
vé piesnosti Gpravy dna zéafezu. Projektem byly stanoveny v danych pod-
minkach relativng pfisné tolerance +10/-20 ¢cm proti ideaIni hloubce 30 cm
pod spodni hranou prifezu tubusu. Pfes fadu ne zcela uspokojivych metod
zaméFovani tvaru dna od poutiti olovnice, kontaktnich ty€i, ruéniho sonaru
ptes sonarova méfeni z méfi¢ské lodi Valentyna Povodi Vitavy, byla v zavé-
reéné fazi praci vyrobena kontaktni $ablona, ktera byla umistovéna po 2 m
po délce zafezu. Pii Sifce §ablony 1,0 m byl tak zaméfen povrch dna v pro-
filech po 1,0 m. Vlastni poloha $ablony byla zaznamenavana totalni stanici
prostiednictvim teréi nad hladinou vody, tvar zvinéného dna by! proti Sab-
loné domé&Fovan ruéné potépédi. V zavéru praci byl pro pfesné dotéZeni
nerovnosti nasazen hydraulicky drapak na teleskopické ty¢i, ktera umoziu-
je pfesnéj§i vyskovou kontrolu.

DEFINITIVNI STABILIZACE TUNELU

Zakladnimi prvky definitivni stabilizace pravého tunelu na dné zafezu jsou
Glozné prahy v obou bfehovych jimkach a vytvofeni betonovych bloki -
zékladovych patek vidy v parech ve vzajemné vzdalenosti 6,0 m podél osy
tubusu s fixaci tyéovymi mikropilotami opét symetricky na obou strandch
tunelu v podéInych vzdalenostech 12,0 m {obr. 1 a 2.

Ulozné prahy jsou vybetonovany uvniti obou jimek v jejich &elni hrané
a tvori zakladni op&rné prvky, na kieré je zavésnym zafizenim tubus popus-
tén po jeho zasunuti do zafezu. Dale nasleduje betonaz prvnich betonovych
blokii v prostoru zavésného pontonu tak, aby bylo moiné ponton uvolnit
a odtahnout mimo plavebni drahu.

Betonové bloky jsou dimenzovény na zatiZzeni provozovanym tunelem
v definitivnim stadiu jako plo$ny zaklad na zvétralé az navétralé bfidlici, sta-
bilizaéni mikropiloty kromé fixaéni funkce v definitivnim stadiu zajidtuji
v pracovnim stadiu kotveni komorového profilu proti jednostrannym zem-
nim tlakim pfi ¢asteéném zasypani pravého tubusu v pribéhu tézby ryhy
tubusu levého (protivodniho) a vzdoruji podélnym silém v tubusu vznikaji-
cim osazenim rozpér ve tieti rozpérné trovni v trojské jimce (v méléi hole-
govické jimee neni rozepfeni v urovni stropu tubusu zpétné instalovano).
Podkladni betonové bloky jsou betonovany do vaki z geotextilie Stabilenka
o rozmérech 1,6x1, 1x0,5 m. Je pouZit beton pevnostni tfidy C 20/25, speci-
alni navrh smési pro betonaZ pod vodou s cilem dosazeni pevnosti 1,0 Mpa
po 10 hodinach a 10,0 Mpa po 24 hodindch od uloZeni zahrnuje davkovani
polypropylenovych vléken, urychlovaée a plastifikatoru. Vaky jsou opatfeny

of the first tier and those at the second and third bracing levels of the coffer-
dam front end consisted of pairs of | No. 400 and HEA 450 stee! rolled sections.
At the connection to the bank part of the dock, the struts have been desig-
ned for the whole cofferdam width from steel pipes 630/10, inclined corner
struts in a shape of built-up beams consisting of pairs of | No. 400 or 1450
sections against the front wall. Consequently the PERI formwork was erected
in the dry dock for casting of the tube segments in steps (see Photoreport,
Fig. 2).

An underreinforced concrete bearing sill, which the above-mentioned verti-
cal pillars of the front end 2U frame are embedded in, was built at the cof-
ferdam's bottom.

The pipe struts, corner struts and whalers within the relevant half of the front
end of the cofferdam are dismantled successively, at relevant levels, in the
course of the dock flooding. The PU 25 sheet piles within a half of the front
end frame are cut off by divers at a level of 2 to 5¢m under the bearing sill
surface and extracted by means of a vibrator. After seating and stabilisation
of the tube, the sheet piles are edged {on the tunnel sides) or the part cor-
responding to the height of the flooded tube is cut away, and subsequently
reinstalled as a timbering and sealing element at the dock front end.

The reinforced concrete frame at the front end of the cofferdam and the tube
proper are provided with sealing elements (plastic waterstop in grooves) and
guide bars (L and U steel sections) for installation of to-measure-made steel
panels, serving as a sacrificial formwork for casting of the sealing ring in the
space of the front end frame of the cofferdam. Apart from the sealing ele-
ments and the sacrificial formwork, there are mighty steel braces fixed on the
roof deck of the tube, which the third tier struts lean against subsequently.
The cofferdam bracing system is restored at its respective levels in steps,
with the draining of the cofferdam proceeding, after sealing of the front end
wall by casting of the ring. With respect to the global character of the struc-
ture, considering all changes in its shape possible in the course of all wor-
king phases ranging up to the order of first tens of millimetres, all joints have
been designed to be welded on site.

In the final phase, the timbering structure extending to the river bed will be
removed by cutting the sheet piles at the original bottom level.

EXCAVATION WORK IN THE RIVER BED

An open cut 12.0m wide at the bottom, with sides reposing at 1:2 in shales
and 1:2.5 in gravels, was designed for the placing of the right (downstream)
tunnel. Operatively in the course of the construction works, the excavation
was widened upstream by 2.0m, with the aim of enlarging the accumulati-
on space to contain washings. Maximum depth of the excavation under the
normal level of the river (180.15m ASL, average river depth of 4.0m) is
12.4m, thickness of the excavated gravel sands reached up to 7.5m under the
river bottom, maximum depth of the excavation in the area of the lowest
point of the alignment was 3.5m under the bedrock surface. The volume of
earthwork performed in the river bed represents roughly 30,000 m* of gravel
sands and 9,500 m’ of shales.

With respect to the overall depth of the excavation under the water surface,
the excavation technique using grabs and a backhoe with 17m long arm is
applied. A sub-aqueous dozer capable of working at this depth is not avai-
lable in the Czech republic. In the course of the work, in the competition bet-
ween the two applied techniques, the Komatsu PC 250 backhoe showed little
efficient, and the majority of the work was performed by a grab dredgers sus-
pended on Liebherr and UB carriers (see Photoreport, Fig. 4). The excavation
equipment was placed on Hanka and JTC 1000 ships, excavated material was
deposited into pusher barges serviced by "Mocal" ship. The excavated mate-
rial is partly stored in a temporary harbour built as a part of the construction
site, the remaining volume of the material is transported to a stockpile.

The possible occurrence of hard interbeds in the bedrock environment {gre-
ywacke shales, sandstones to quartzites) was not confirmed, and the shales
were excavatable with the equipment available. Therefore it was not neces-
sary to disintegrate the rock by means of blasting, whose application would
undoubtedly have significantly negatively affected the tight programme of
the works. On the contrary, the lower quality of the shales in the upper level
required deepening of the excavation at the locations of the tube supports in
the vicinity of the Holesovice cofferdam and their backfilling with concrete.
The only crucial problem of the excavation work remained the verification of
the level accuracy of the trench bottom. The design set for the given condi-
tions relatively strict tolerances of +10/-20cm against the ideal depth of 30cm
under the bottom edge of the tube cross section. Despite a number of not
fully satisfactory methods of surveying the bottom shape, starting with the
use of a plumb bob, contact rods, hand-held sonar, through sonar measure-
ment carried out from the measurement ship Valentyna owned by Povodi
Vitavy (the Vitava Basin Water Authority), to the contact template, manufac-
tured in the final phase, which was placed at 2m spacing along the length of
the trench. The template was 1.0 m wide, which means that the bottom sur-
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rukdvcem pro napojeni betonovaci kolony a navadécimi ty8emi. Potapégi
zachyti vaky na pfichytkach na bocich tunelu a pomoci ty&i je urovnaji pod
desku dna tak, aby zasunuti za hranu tubusu é&inilo min.1,3 m {(kontakt na
plode 1,1x1,3 m). Pfed vlastni instalaci vak( je vidy pfislusna zakladova
spéra potapéci vizualné zkontrolovana a dno je docisténo, aby vak po napl-
néni betonem pIné dosed| na kvalitni zakladovou spéru.

V mistech, kde bylo zji§téno pfehloubeni vykopu pod spodni pfipustnou
Uroven, se za soucinnosti potapécu provadi vypli téchto prohlubni beton-
zi pod vodou nebo je pouZivdno postupné vrstveni vakd v pérech nad
sebou. Takto je zajisténa pina aktivace betonovych blokd jak v pozadované
plo$e povrchu navétralych bfidlic, tak v kontaktu s komorovym nosnikem
tunelu.

V oblasti blize holeovické jimky, kde zvedajici se niveleta vykopu opousti
skalni podklad, jsou v misté par( patek po 6,0 m provadéna padorysné ome-
zena prohloubeni vykopu 2,0x2,0 m az 2,5x2,5 m s néaslednym vyplnénim
betondZi pod vodou, pouZitd smés je identickd se smési pro pinéni vakii.
PInéni vaki bylo pfed zatazenim tunelu odzkou$eno v odpovidajicich pod-
minkdch pfimo na stavenisti.

V pribéhu provadéni viastni stabilizace tubusu vaky je nutno &elit vztlaku
zplsobovanému jejich petlakovym plnénim. Pfetlak pti pInéni je z povahy
problému aktivace patek nutny a je zajistén pfirozenou cestou kvazihydro-
statickym tlakem betonové smési nebo, v pfipadé velkych ztrat v betonaf-
skych kolonach, nasazenim Cerpadel. Vzhledem k tomu, #e duty utésnédny
tubus neposkytuje pfes svoji zdanlivou mohutnost potiebnou protizatéz,
byly po délce zatahovaného tunelu navrieny tfi kotevni brany - ocelové pfi¢-
niky na stropni desce tunelu kotvené vZdy na obou stranach prostfednictvim
paru ty&ovych kotev CPS 32 do skalniho podloZi. Dvé ze zmifiovanych kotev-
nich bran jsou umistény v fedisti - na strané u hole$ovické jimky a zhruba ve
stfedu toku, tfeti je napojena na &elni Zelezobetonovy 2U ram v trojské
jimce. Kotvy byly z dlvodu pracovnich postupli instalovany v piedstihu
pfed vlastnim zatahovanim (brany musely byt piné funkéni v okamziku beto-
novéni prvnich vak{i pod pontonem ihned po zatazeni tubusu). V fegisti byly
kotvy do¢asné ukonéeny v Urovni dna vykopu a masivni ocelovéa konstrukce
umisténa v jejich hlavach plnila funkci ochrannou a umoznila rychlé nasta-
veni kotev do Urovné stropu tubusu pro montaZ bran {obr. 3).

Postup betonovani vak( byl pak provadén tak, aby uvaiovanym vztlakem
nezatuhlych a sou¢asné betonovanych vakd nebyla pfekroena uréena maxi-
malni hranice momentového namahani betonového komorového priifezu.
Tycové mikropiloty jsou osazeny po 12 m v kazdé pracovni spafe tunelu (ten
se betonoval po segmentech délky 12 m) vidy v uloZeni lichych pard vaki.
Pro provedeni mikropilot jsou v pracovnich spéarach osazeny priichodky
z ocelovych trub 159/4,5 mm. Pfes né jsou provadény vrty o priméru 145
mm, na povodni strané je vrt do dna vykopu dlouhy 3,5 m a na protipovod-
ni 2,5 m. Do cementové zélivky se osazuji pinoprofilové mikropiloty primé-
ru 130 mm (maximalni plastické rezerva Gnosnosti profilu}, na povodni stra-
né je jejich délka 6 m a na druhé strané 3,56 m.

Po dokonéeni stabilizace bude pfed zahajenim zasypi prostor pod spodni
plochou tubusu zaplaven §térkopiskovym materidlem potapééi pomoci vod-
niho déla.

Vzhledem k provadéni vSech praci z lodi bylo nutné vyfesit podrobné jed-
notlivé technologické operace a vyrobit potiebné pfipravky a dopliiky pro
hladké provedeni véech ¢innosti.

PREHLED JEDNOTLIVYCH OPERACI

Prace spojené se stabilizaci tunelfu Ize shrnout nasledovné:

+ pred zatazenim tunelu bylo nutné provést:

- osazeni prichodek a zachytnych konstrukei do télesa tuneld pii betonaZi
v suchém doku;

- zku$ebni plnéni vakd;

- vybetonovani patek do prohloubenych vykopl v misté zakladovych bloki
u hole$ovického bfehu;

- pfipadné vyrovnani vykopu betonem tam, kde v misté zédkladovych blok(i
vykop v bfidlicich pfesahl hloubkovou toleranci;

- provedeni spodniho dilu horninovych tyéovych kotev pro kotevni brany;

* po zatazeni tunelu se provadi:

- nastaveni horninovych tyéovych kotev a kompletace kotevnich bran,
které zajisti tubus proti vztlaku pfi betonazi vaku;

- betonaz zékladovych betonovych blok(i do textilnich vakd pod tunelem
v misté zavésl na ponton;

- odstranéni téchto zavésl a pontonu;

- postupnd betonaz dalSich zakladovych betonovych blok( do textilnich
vakl;

- hloubeni vrth pies priichodky osazené v pracovnich sparach tunelu a osa-
zovani ty¢ovych mikropilot do cementové zalivky;

- po zataZeni obou tunell se dokongi zpétny zasyp a kamenny pohoz dna.

face was surveyed in profiles at intervals of 1.0m. The position of the tem-
plate was monitored by means of a total station and targets above the water
surface. The measurement of the shape of the undulating bottom was com-
pleted by divers, who measured the distance between the template and the
bottom manually. The work was finalised by an accurate cutting of humps by
a hydraulic grab on a telescopic boom, which allows a more accurate level
control.

FINAL STABILISATION OF THE TUNNEL

Principal elements of the system of the final stabilisation of the right tunnel
at the trench bottom are bearing sills in the two bank cofferdams, and crea-
tion of concrete blocks, i.e. pairs of pad footings spaced 6.0m apart, along
the tube centre line, with fixation by rod micropiles, installed symmetrically
every 12.0m along either side of the tunnel (see Fig. 1 and 2).

The bearing sills are cast in the both cofferdams, at their front end, and form
basic support elements, which the tube is lowered on after its shifting into
the trench by means of the suspension facility. Casting of the first concrete
blocks in the area around the suspension pontoon follows then, so that the
pontoon can be released and towed outside the shipway.

The concrete blocks' dimensions have been designed for a load induced by
the operating tunnel in the final stage, as a flat foundation on weathered to
little weathered shale. The stabilisation micropiles, apart from their fixing
function in the final stage, anchor the box profile against one-side earth
pressures, occurring at a partial backfilling of the right tube in the course of
the excavation work on the left (upstream) tube, and resist the longitudinal
forces in the tube, developing as a result of the installation of the struts at
the third bracing level in the Troja cofferdam (the bracing at the roof deck
level is not reinstalled in the shallower Holesovice cofferdam).

The foundation blocks are carried out by casting concrete into
1.6x1.1x0.5m Stabilenka geotextile bags. C 20/25 grade concrete is used. The
mix composition has been especially designed for casting under water, with
an aim of reaching a strength of 1.0 Mpa after 10 hours, and 10.0 Mpa after
24 hours from the placement. It contains batches of polypropylene fibres,
accelerating additive and water reducer. The bags are provided with a slee-
ve for the connection of the tremie line, and guidance rods. The divers fix the
bags to the clamps on the tunnel sides, and adjust their position under the
bottom slab with the rods so that they are shifted behind the tube edge
1.3m as a minimum (the contact on an area of 1.1x1.3m). As a rule, the rele-
vant foundation base is checked visually and the bottom cleaned by divers
before the installation of the bags, so that the bag filled with concrete can
rest fully on a quality foundation base.

At the locations where overexcavation of the trench under the lower allo-
wable level is found, backfilling of the low spots is carried out in collabora-
tion with divers by means of tremied concrete or placing pairs of the bags in
layers undreneath. Thus the full activation of the concrete blocks is secured
both within the required area of the little weathered shales surface and on
the contact with the tunnel box beam.

Deepening of the excavation at the locations of the pairs of pad footings,
limited in the ground plan to 2.0x2.0m to 2.5x2.5m, was carried out every
6.0m in the area closer to the Holesovice cofferdam, where the ascending
level of the excavation gets above the bedrock. Subsequently concrete was
tremied into the holes, having the composition identical with that used for
the bags filling.

The bags filling trial was performed before the tunnel shifting, under corres-
ponding conditions directly on site. In the course of execution of the tube
stabilisation using the bags, it is necessary to resist the uplift due to the
overpressurising way of their filling. It follows from the nature of the issue
of the pad footings activation that the overpressure in the filling process is
necessary. It is ensured by a natural way, through the quasi-hydrostatic pres-
sure of the concrete mix or, in case of substantial losses in tremie lines, by
means of pumps. Since the hollow sealed tube, despite its apparent bulki-
ness, does not provide the counterbalance necessary, three anchoring gates
were designed along the shifted tunnel length, consisting of steel beams
installed transversally across the tunnel roof deck, anchored on both sides
by pairs of CPS 32 rod anchors to the bedrock. Two of the above-mentioned
anchoring gates are placed in the riverbed, i.e. on the Holesovice cofferdam
side and roughly at the mid-point of the stream, while the third one is con-
nected to the front end 2U reinforced concrete frame in the Troja cofferdam.
To satisfy the working procedures, the anchors had to be installed in advan-
ce of the shifting work proper (the gates had to be fully functional at the
moment of the first bags filling under the pontoon, immediately after the
tube shifting). The anchors in the river bed were terminated temporarily at
the trench bottom level, and a massive steel coupling element placed on
their heads acted as a protection, and made a quick extension of the anchors
up to the roof deck level and installation of the gates possible (see Fig. 3).
The concrete filling of the bags proceeded in such a way, which guaranteed
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ZAVER

V dobé uzavérky ¢lanka do tohoto ¢&isla ¢asopisu Tunel byl Gspésné zatazen
a osazen pravy tubus do zafezu na dné Vltavy. Provéadéla se betonaZ pod-
kladnich patek do textilnich vakd a zahajovala se realizace mikropilot.
Organizace, které se podileji na vystavbé, jsou uvedeny v élanku doc. Jana
L. Vitka, CSc. Zde je vhodné poznamenat, ze pazici konstrukce suchého
doku, zemni prace v fecisti a definitivni stabilizaci tunelu pod fekou Vitavou
dodava a. s. Zakladani staveb Praha pro vy$$iho dodavatele stavby
Metrostav, a. s. Realizaéni dokumentaci téchto praci zpracoval Metroprojekt,
a. s., dodavatelskou dokumentaci Ing. Petr Nosek - GE Atelier a FG Consult,
S. I. 0.

Nelze také opominout dobrou spolupraci se spravcem toku a. s. Povodi
Vlitavy, zavod Dolni Vitava, a se Statni plavebni spravou. Pracovnici téchto
organizaci vy$li maximalné vstfic pfi projednavani podminek umoznujicich
realizaci tunel( novou technologii.

that the maximum limit of the moment stressing of the concrete box section
was not crossed due to the expected uplift force induced by the bags conta-
ining fresh concrete cast simultaneously.

The rod micropiles are installed every 12m, in each day joint of the tunnel
(12m long tunnel segments were cast), at all locations of odd pairs of the
bags. Sleeves from 159/4.5mm steel pipes are installed in the day joints for
execution of the micropiles. Bore holes 145mm in diameter are carried out
through the sleeves, up to a depth of 3.5m under the excavation bottom on
the downstream side and 3.5m on the other side.

After completion of the stabilisation, before the backfilling is started, divers
will backfill the space under the tube bottom with gravel sand using a hyd-
raulic gun.

It was necessary, with respect to all works being performed from a ship, to
solve in a detailed manner individual technological operations and manu-
facture the equipment and outfit needed for a smooth execution of all acti-
vities.

Normalni hladina Vitavy

Normal river stage
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Obr. 3 Kotevni brana provedena pied plnénim vakd betonem
Fig. 3 Anchoring gate installed before filling of the bags with concrete

SUMMARY OF INDIVIDUAL OPERATIONS

The operations relating to the tunnel stabilisation can be summarised as fol-

lows:

+ Before the tunnel shifting, it was necessary to perform:

- installation of sleeves and clamps on the tunnel bodies during their
casting in the dry dock;

- bags filling trial;

- casting of pad footings into the deepened excavation holes at the
locations of foundation blocks at the Holesovice bank;

- backfilling of low spots in the areas of foundation blocks with concrete
there where the depth of the excavation in shales exceeded the allowable
tolerance;

- installation of the lower part of the rock rod anchors for the anchoring
gates;

« after the tunnel shifting:

- extension of the rock rod anchors and assembly of the anchoring gates,
which will secure the tube against the uplift forces induced during the
bags filling;

- casting of the concrete foundation blocks, i.e. filling of textile bags with
concrete under the tunnel at the location of the pontoon suspension;

- removal of both the suspension cables and the pontoon;

- stepwise casting of the other concrete foundation blocks (textile bags);

- drilling through the sleeves embedded in day joints of the tunnel, and
insertion of micropile rods into cementitious grout;

- the backfill and stone armouring of the bottom is completed when the
shifting of the both tunnels has been finished.

CONCLUSION

By the closing date of the articles for this issue of the Tunel magazine, the
shifting of the right tube into the trench in the Vitava bottom had been com-
pleted successfully. Casting of the pad footings, i.e. filling of the textile bags
with concrete, was in progress, and execution of the micropiles was starting.
The organisations participating in the construction have been mentioned in
the article by Doc. Jan L. Vitek, CSc. It is becoming to mention here that the
timbering structures of the dry dock, the earthwork in the river bed, and the
final stabilisation of the tunnel under the Vlitava river have been supplied by
Zakladani Staveb Praha a.s. to Metrostav, a.s., the main contractor. Detailed
design of the works was developed by Metroprojekt, a.s., contractor's docu-
mentation was by Ing. Petr Nosek - GE Atelier and FG Consult, s.r.o.

What must not be omitted is the good collaboration with the water authori-
ty, Povodi Vitavy, a.s., Dolni Vitava plant, and Statni plavebni sprava, the
public navigation company. The staff of those organisations have been
doing their best to meet the needs identified in negotiations over the condi-
tions enabling the realisation of the tunnels by the new technique.
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FOTOREPORTAZ - piechod Vitavy - trasa metra IV C1

PHOTOREPORT - river Vitava crossing - metro Prague - IV C1 line

Obr. 1 Rozepieni elni stény suchého doku
Fig. 1 Bracing of the front end wall of the dry dock

Qbr. 2 Sestavovani formy pro betonaz
Fig. 2 Assembly of the formwork for concrete casting

Obr. 3 Postupna betonaz tubusu pravé koleje
Fig. 3 Sequential casting of the right track tube

Obr. 4 Vykop zafezu ve dné Vltavy
Fig. 4 Excavation of the trench in the Vitava river bottom

Obr. 5 Postupné zaplavovani suchého doku
Fig. 5 Gradual flooding of the dry dock

Obr. 6 VyvaZovaci nadrze
Fig. 6 Balance tanks
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Obr. 7 Deviator taznych kabeld
Fig. 7 Deviator of the drawing cables

Obr. 8 Taina hydraulicka jednotka
Fig. 8 Hydraulic drawing unit

Obr. 9 Letecky pohled na tunel pfed zaplavenim suchého doku
Fig. 9 Aerial view of the tunnel before the flooding of the dry dock

Obr. 10 Brzdny buben
Fig. 10 Break drum

Obr. 11 Ponton s hydraulickymi pumpami a zvedacimi jednotkami
Fig. 11 Pontoon with hydraulic pumps and lifting units

Obr. 12 Tunel béhem vysuvu, stozar oznacuje polohu Eela tunelu
Fig. 12 Tunnel during the shifting, the mast marks the position
of the tunnel front end
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PRVNi JEDNOLODNI RAZENA STANICE
NA PRAZSKEM METRU

THE FIRST SINGLE-BAY MINED STATION
OF THE PRAGUE METRO

ING. JOSEF KUTIL - IDS, a. s.
ING. OTAKAR HASIK, ING. JIRI RUZICKA - METROPROJEKT PRAHA, a. s.

uvop

Prazské metro se buduje jiz 35 let. Jsou vybudovany tfi trasy (A, B, C) o cel-
kové délce 51 km s 51 stanicemi. V soucasné dobé se realizuje 1. etapa IV.
provozniho useku trasy C, kterd pfedstavuje prodlouzeni trasy C za provo-
zovanou stanici Nadrazi Hole$ovice do oblasti Kobylis a Proseka. Celkova
délka realizované trasy je 3,7 km a jsou na ni navrzeny dvé stanice. Razend
stanice Kobylisy a hloubena stanice Ladvi, ktera bude na kratkou dobu také
stanici koncovou. Zprovoznéni této etapy se pfedpoklada v poloviné roku
2004. Vystavba IV. provozniho useku bude ale plynule pokragovat 2. etapou,
kde se uvazuje o tfech podpovrchové hloubenych stanicich Prosek I, Prosek
Il a Lethany, kiera se ziejmé na velmi dlouhou dobu stane koncovou stanici
trasy C na severnim okraji Prahy. Dokondeni 2. etapy se pfedpoklada v roce
2007. Paradoxné trasa C, jejimz 1. provoznim tisekem byla v roce 1966 zaha-
jena vystavba prazského metra, bude pravdépodobné az po 42 letech tvofit
uceleny severojizni diametr, ktery propoji pfes centrum mésta sidlistni kom-
plex Jizniho mésta s obdobné rozsahlym celkem Severniho mésta. Pro
srovnani "nejmladsi" trasa praiského metra B byla zahajena v roce 1979
a dnes je nejdelsi trasou s 24 stanicemi. TvoFi komplexni diametr protinaji-
ci celé mésto od zépadu k vychodu.

Vlastni realizace 1. etapy trasy IV. C byla zahajena v zafi 2000. Celkové
néaklady predstavuji 7,8 mld. Ké. Tyto prostfedky hradi pfevazné hl. m, Praha
z vlastnich zdroji a z pdjcky Evropské investicni banky, ¢ast je hrazena ze
statni dotace. Investorem je Dopravni podnik hl. m. Prahy, a. s., inzenyrské
¢innosti zajistuje InZenyring dopravnich staveb, a.s., projekéni prace
METROPROJEKT Praha, a. s. Na realizaci se podileji vyznatné praiské sta-
vebni firmy Metrostav, a. s., Subterra, a. s., IPS, a. s., Stavby most(, a. s.
K zavéru roku 2001 bylo vyrazeno 1140 m z celkové délky 2500 m razené
Casti trasy a celkové provedeny prace v hodnoté 2 mld. K¢.

VYVOJ KONCEPCE STANICE

Stanice Kobylisy byla v dokumentaci pro UR z roku 1997 plvodné navrzena

Plocha vyrubu = 220,0 m’
Excavation area = 220,0 m’

13,80
11,20
7.90

Osa stanice
Axis of station

18,40
20/40 s}

Obr. 1 Vzorovy pfi¢ny Fez
Fig. 1 Typical cross section

INTRODUCTION

The Prague Metro has been in the process of development for 35 let. Three
lines (A, B, C) in total length of 51 km, with 51 stations, have been built.
Nowadays, 1st stage of the operational section IV of the line C is being con-
structed. The line is an extension to the line C from the operating station
Nadrazi Holesovice to the Kobylisy and Prosek districts. The overall length
of the line being built is 3.7 km. 2 stations have been designed on this line,
i.e. the "Kobylisy" mined station and the "Ladvi" cut-and-cover station,
which will become a terminal station for a short time. The commissioning
of the station is expected in mid-2004. Although, the construction of the
operational section IV will continue without a break to the stage 2, where 3
subsurface cut-and-cover stations are planned, i.e. the Prosek |, Prosek Il
and Letnany stations. The Letnany station is likely to remain a terminal sta-
tion of the line C on the Prague's northern outskirts for a very long time.
The completion of the phase 2 is expected in 2007. Paradoxically, the line
C, whose 1st operational section construction started the development of
the Prague Metro, is likely to form an integrated north-southern diameter,
which will connect the residential complex "Southern City" with the simi-
larly vast complex of "Northern City" via the Prague downtown. For com-
parison, the "youngest" line of the Pague Metro was started in 1979, and
today it is the longest line, with 24 stations. It creates a complex diameter
cutting through the whole city from the west to the east.

The construction works on the 1st stage of the line IV C started in
September, 2000. The total cost amounts to CZK 7.8 billion. The major part
of this sum is paid by the City of Prague from its own resources, and from
a loan provided by the European Investment Bank. A part is funded by the
government, The owner is Dopravni podnik hl.m. Prahy a.s. (the passenger
transport authority of Prague), the overall consultant for the owner is
InZenyring dopravnich staveb a.s. (Engineering of transport-related con-
structions), design consultant is METROPROJEKT Praha a.s. A significant
share of the construction works is carried out by major Prague civil engi-
neering contractors Metrostav a.s., Subterra a.s., IPS a.s. and Stavby

B
Obr. 2 Axonometrie stanice
Fig. 2 Axonometric view of the station
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Obr. 3 Situace
Fig. 3 Layout plan

jako stanice se 3 staniénimi tunely. V krajnich stani¢nich tunelech byla boéni
nastupiété, stfedni tunel byl v pfevazném rozsahu vyuzit pro umisténi tech-
nologického zafizeni stanice. Na koncich nastupiét byly kratké useky tohoto
stfedniho tunelu vyuzivany pro prichod cestujicich z krajnich staniénich
tuneld ke 2 eskalatorovym tunellim situovanym ve stiedu stanice.

Tato koncepce stanice vyzadovala feSeni mnoha narocnych problémi jak
z hlediska statiky, tak i z hlediska provozniho. V pribéhu dali projektové
pfipravy se podafilo pfemistit do podpovrchového zapadniho vestibulu pfe-
vaznou &ast technologického zafizeni stanice, které je s prostorem stanice
propojeno technologickou $achtou umisténou mezi tratovymi tunely v tésné
blizkosti nastupisté. Vlastni stanice byla upravena jako 2 samostatné stani¢-
ni tunely. Na koncich nastupisté jsou 2 pricné spojovaci chodby s prichozi
Sitkou 8,0 m, do kterych jsou opét zaustény eskaldtorové tunely. Osova
vzdalenost koleji ve stanici byla zachovana jako v ptvodnim feseni 25,6 m,
aby mezi staniénimi tunely byl zachovan dostate¢né Siroky horninovy pilif
(viz. ¢lanek autord v ¢asopise TUNEL ¢ 4/99).

Navrzené fe$eni bylo na zakladé pozadavku investora pfed zahajenim reali-
zace zménéno na jednolodni stanici s ostrovnim nastupistém. Toto rozhod-
nuti bylo motivovano snahou vylouéit z hlediska pohybu cestujicich nejzati-
zenéjsi pritné propojovaci chodby a vytvofit volny prostor dostate¢né $iro-
kého ostrovniho néastupisté, které je pro cestujici nejpiehlednéjsi.
Jednolodni raiend stanice zaroven vytvofi novou velmi zajimavou pod-
zemni dominantu metra, kterou oceni nejen generace architektt, inZzenyrl
a technikd, ktefi se podileji po mnoho let na vystavbé metra, ale i cestujici
obéané, ktefi kazdodenné vyuzivaji sluZeb prazského metra.

GEOLOGICKE POMERY

Zakladni charakter inZenyrsko-geologickych poméri je naznacen v podél-
ném fezu stanici (viz. obr. 2). P¥i povrchu jsou sprasové hliny a sprase, které
véetné nepravidelnych navazek tvofi vrstvu mocnosti 2 - 6 m. Nejvyraznéjsi
vrstvu nad profilem jednolodni stanice tvofi kfidové cenomanské sedimen-
ty mocnosti 12 - 15 m. Povrch vytvareji prachovce 2 - 6 m mocné, pod kie-
rymi jsou cenomanské piskovce. Jsou to kvadrové piskovce s pomérné
malym rozpukanim tfemi systémy puklin.

Vyrazné negativnim prvkem jsou bazalni kfidové sedimenty, které maji cha-
rakter zemin. Tvofi je smeés preplavenych kaolinickych fosilnich jilovych
zvétralin ordoviku a §térku mocnosti 1- 2 m, ktera oddéluje vrstvu pevnych
cenomanskych piskovcl od podloznich hornin ordoviky. V prostoru stanice
tvofi podlozi horniny skalecké facie dobrotivskych vrstev. Je to souvrstvi
lavicovitych kiemencl a kiemencovych piskovecd s podruznymi vrstvami
prachoved, jilovitych bridlic a jilovcd, které stfidaji souvrstvi laminovanych
bfidlic s podruznymi vrstvami piskovce a kfemene. Souvrstvi ma generelni
smér vychod - zapad (tj. ve sméru podélné osy stanice) a sklon cca 75°
k jihu. Vrstvy kiidovych sedimentl jsou trvale nasyceny podzemni vodou do
urovné cca 272,0 m n. m., tj. cca 10 m nad klenbou vyrubu staniéniho tune-
lu. Podrobnéjsi popis geologickych pomérti v celé trase stavby IV. C1 je uve-
den v ¢lanku Ing. Otakara Vrby v ¢asopise TUNEL &. 3/2000.

Ndroc¢né geologické a hydrogeologické poméry se 3 zonami hornin s vyraz-
né odlisnymi geotechnickymi parametry vyZaduji s ohledem na velké roz-

mostu a.s. By the end of 2001, 1,140 m had been driven out of the total
length of 2,500 m of the mined part of the line, and the total cost of the
works carried out reached to CZK 2 billion.

THE STATION CONCEPTION DEVELOPMENT

Originally, in the documentation for the planning permission from 1997,
the Kobylisy station was considered as a station consisting of 3 station tun-
nels. In the side station tunnels there were side platforms, a major part of
the central tunnel was utilised for housing of technological equipment of
the station. Short sections of the central tunnel at the ends of the platforms
were used for passengers passing from the side station tunnels to 2 esca-
lator shafts, situated at the mid point of the station.

The above conception of the station required many complex problems to
be solved, both in terms of the statics and operation. In the course of the
further designing process, a prevalent part of the technological equipment
of the station was successfully relocated to the subsurface western con-
course. The concourse is interconnected with the station space through a
technological shaft located between the running tunnels, in close proximi-
ty of the platform. The station proper was modified to 2 independent stati-
on tunnels. At the platform ends there are 2 transversal connecting galleri-
es 8m wide, which the escalator tunnels are connected to again. The track
centre distance in the station was maintained the same as at the original
solution, i.e. 25.5 m, so that a sufficiently wide rock pillar remained betwe-
en the station tunnels (see the article by the authors published in TUNEL
magazine No. 4/99).

At the request of the owner, the solution proposed was changed to a sing-
le-bay station with an intermediate platform. This decision was motivated
by the owner's effort to eliminate the in terms of passengers the most traf-
ficked transversal connecting tunnels, and create a free space of the suffi-
ciently wide intermediate platform, which is the easiest to survey for pas-
sengers. At the same time, the single-bay station will become a new, very
interesting underground dominant of the metro, which will be appreciated
not only by the generation of architects, engineers and technicians who
have participated in the metro construction for many years, but also pas-
sengers, who take the advantage of the Prague Metro travelling every day.

GEOLOGICAL CONDITIONS

The basic character of the engineering-geological conditions is shown in
the longitudinal section through the station (see Fig. 2). At the surface
there are loess loams and loess, which form, together with irregular made
ground, a layer 2 - 6 m thick. The most pronounced layer above the profile
of the single-bay station consists of the Cretaceous Cenomanian sediments
12 - 15 m thick. The surface is formed by siltites 2 - 6 m thick, underlain by
the Cenomanian sandstones. These are thick-bedded sandstones with rela-
tively little fracturing by three systems of joints.

A significantly negative element is basal Cretaceous sediments of a loamy
character. They consist of a mixture of redeposited kaolinitic fossil clay
slack of the Ordovician period and gravel 1- 2 m thick, which separates the
layer of massive Cenomanian sandstones from the Ordovician bedrock. In
the station area, the bedrock is formed by the Cenomanian facii of the
Dobrotivy strata. This is a series of strata of thick-bedded quartzites and
quartzitic sandstones, with minor strata of siltites, clayey shales and quart-
zite. The series of strata has an east-west general trend, i.e. the direction
of the longitudinal axis of the station), and a dip of about 75°towards the
south. The Cretaceous sediments strata are permanently saturated with
ground water up to a level of about 272.0 m ASL, i.e. about 10 m above the
station tunnel excavation crown. A more detailed description of the geolo-
gical conditions along the whole length of the IV C line is contained in the
article by Ing. Otakar Vrba in the TUNEL magazine No. 3/2000.

The exacting geological and hydrogeological conditions, i.e. the three rock
zones with expressively differing geotechnical parameters, require, with
respect to the large dimensions of the station tunnel, a very elaborate plan-
ning of the construction works. For that reason the linked underground
works found within the station space have been used for complementation
of the knowledge of the geological conditions. These are, above all, the
already completed shaft for disabled access lift, leading directly into the
station profile, and the exploratory adit driven from the swimming pool
area, located between Na Pesinach and Nad Koupalistem streets. The
exploratory adit above all contributed very significantly to the specificati-
on of the knowledge of the contact zone between the Cretaceous sedi-
ments and Ordovician rock. The original partial excavation works in the
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méry stani¢niho tunelu velmi peclivou pfipravu realizace stavby. Z téchto
divodd jsou vyuZivana navazujici podzemni dila v prostoru stanice k dopl-
néni znalosti o geologickych pomérech. Jsou to pfedevsim jiz realizovana
$achta pro invalidni vytah, ustici pfimo do profilu stanice, a prizkumna
a pfistupova §tola, vyrazena z prostoru koupalisté situovaného mezi ulicemi
Na Péginach a Nad Koupali§tém. Pfedevsim prizkumna $tola velmi vyrazné
pfispéla k upfesnéni znalosti o zéné kontaktu mezi kiidovymi sedimenty
a ordovickymi horninami. V pribéhu razby viastni kaverny razené stanice
budou rovnéz pro upfesnéni inZenyrsko-geologickych poméri vyuZivany
Uvodni diléi vyruby ve viastnim staniénim tunelu.

UMISTENI STANICE

Stanice Kobylisy je situovdna do centra Kobylis. Vlastni razena stanice je
umfisténa Caste¢né pod ulici Pod Sidlistém, ¢astec¢né pod obytnymi domy
v této ulici. Uroven néastupisté je asi 31,5 m pod terénem. Pfistup na nastu-
pisté je zajistén 2 eskalatorovymi tunely ve sklonu 30°, které Usti do vesti-
buld. Zapadni vestibul je situovan na Kobyliském ndmésti a je podpovrcho-
vy. Vychodni polozapus$tény vestibul je umistén na jihozapadnim néaroii kfi-
Zovatky ulic Pod Sidlistém a Klapkovou s navaznosti na podchod pod ulici
Pod Sidlistém. Objekt hlavniho vétrani, ktery byl ptivodné umistén na sever-
ni strané vyse uvedené frekventované kiizovatky, je nyni situovan do zelené
plochy zahrady $kolniho areélu v blizkosti ulice U Skolské zahrady. Vytah
pro osoby se sniZenou pohyblivosti vyUstuje na terén na jihovychodnim
narozi kfizovatky ulic Pod Sidlistém a Vréni.

TECHNICKE RESENI STANICE

Razen4 stanice mé svétlou §itku 18,4 m a svétlou vysku 11,2 m. Vrchol klen-
by je nad drovni nastupisté 7,8 m. Stanice méa ostrovni nastupisté $itky 10,6 m
v délce 100 m, které je zcela uvolnéno - na jeho Urovni je situovdna pouze
minimalizovana pozarni mistnost. Ostatni nezbytné nutné provozni prosto-
ry jsou umistény v Grovni pod nastupi$tém anebo na galeriich na konci
nastupisté. Celkova délka stani¢niho tunelu je 147,9 m. Klasicky razeny tech-
nologicky tunel neni projektovan a hlavni ¢ast technologického zafizen/ sta-
nice je umisténa v zdpadnim podpovrchovém vestibulu. V misté zalsténi
vychodniho eskalatorového tunelu do stanice je umistén vytah pro osoby
s omezenou schopnosti pohybu. Stanice bude vyuzivana i v rezimu OSM.
V &elnich sténach nastupisté jsou umistény tlakové uzavéry, které umoznuji
v pfipadé potieby uzavfit prostor stanice.

Premisténi hlavni &asti technologického zafizeni stanice do zapadniho ves-
tibulu umoznilo propojit oba vestibuly pfimo podpovrchovou technologic-
kou chodbou. Tato uprava umoznila vylougit z eskalatorovych tunell kabe-
lové kanaly a zmensit jejich profil.

Osténi staniéniho tunelu je dvouplastové. Primarni osténi ze stiikaného

hta

Technological shaft

a sacl

Technologick:

Obr. 4 Podélny fez
Fig. 4 Longitudinal section

Stfed stanice

station tunnel proper will also been utilised in the course of the excavation
of the mined station's cavern for the specification of the information on the
engineering-geological conditions.

THE STATION LOCATION

The Kobylisy station is situated in the Kobylisy centre. The mined station
proper is located partially under Pod Sidlistem street, partially under resi-
dential buildings along this street. The level of the platform is about 31.5
m under the surface. Access to the platform is provided by 2 escalator tun-
nels inclined at 30°, leading to the concourses. The western subsurface
concourse is located on the Kobylisy square. The eastern half-buried con-
course is located at the south-western corner of the Pod Sidlistem and
Klapkova streets crossing, with a linking to the pedestrian underpass under
Pod Sidlistem street. The structure of the main ventilation shaft, which was
originally placed on the northern side of the above-mentioned heavily traf-
ficked crossroads, is now situated in the green area of the school premises
nearby U Skolske Zahrady street. The lift for persons with impaired mobi-
lity leads to the surface at the south-eastern corner of the Pod Sidlistem
and Vrsni streets crossing.

THE TECHNICAL SOLUTION OF THE STATION

The mined station has a net width of 18.4 m and a net height of 11.2 m. The
top of the vault is 7.8 m above the platform level. The station features an
intermediate platform 10.6 m wide and 100 m long. It is totally free, a mini-
mised fire room only is situated on its level. The other indispensable ope-
rational rooms are located at the level under the platform or in galleries at
the platform ends. The total length of the station tunnel is 147.9 m. The
conventional mined technological tunnel has not been considered, and the
main part of the technological equipment of the station is located in the
western underground concourse. The lift for passengers with impaired
mobility is located at the connection of the eastern escalator tunnel to the
station. The station will also be utilised under the MPS regime (the Metro
Protection System). Pressure gates allowing a closure of the station space
if needed are installed in the front walls of the platform.

The relocation of the main part of the technological equipment of the sta-
tion to the western concourse hall made the interconnection of the both
concourses through an underground technological adit possible. This
modification allowed displacement of cable ducts from the escalator tun-
nels, and reduction of their cross section.

The lining of the station tunnel consists of two shells. The shotcrete pri-
mary lining 600 mm thick has been designed, while the thickness of the
secondary reinforced concrete liner is 600 mm. Intermediate waterproofing
PVC membrane 3 mm thick is between the primary and secondary liners.
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betonu mé planovanou tloustku 400 mm, sekundarni osténi ze zZelezobeto-
nu ma tloustku 600 mm. Mezi primarnim a sekundarnim osténim je vlozena
hydroizolace z PVC félie tloustky 3 mm.

POSTUP VYSTAVBY JEDNOLODNI STANICE

Jednolodni stanice v siti prazského metra bude razena poprvé. Protoze jde
o razbu velké kaverny ve mésté, kde v nadloZi probiha &ily méstsky Zivot na
méstskych komunikacich a je zde zastavba prevainé obytnych budov, je
volen postup razby tak, aby se maximalné omezily deformace vyrubu a pfi-
lehlého horninového prostiedi, a tim se minimalizovaly poklesy na terénu.
Stanice Kobylisy bude budovana technologii NRTM s ¢lenénim vyrubu jak
vertikalnim, tak i horizontaInim.

Celkova plocha vyrubu staniéniho tunelu je 220 m2. Sifka vyrubu je 20,4 m
a vyska vyrubu je 13,8 m. Vyrub je vertikalné ¢élenén na 2 bocni vyruby
s gotickou klenbou, které maji v drovni pracovniho dna $itku 7,2 m a vyrub
stfedni ¢asti s Sitkou min. 6,1 m. Oba boéni vyruby zajisti vybudovani pev-
nych opér pro nasledné vyrazeni stfedniho dil¢iho vyrubu a uzavfeni strop-
ni a nasledné i spodni klenby primarniho osténi kaverny jednclodni stanice.
Vystavba boénich vyrub( pfimo navazuje na razbu pfilehlych jednokolej-
nych tunel(i pfed stanici (smérem od stanice Ladvi}. Teoreticky prafez bo¢-
nich vyrubl je Siroky 7,2 m, vysoky 11,5 m a méa plochu 55,0 m* Plocha
vyrubu stfedni ¢asti je 110 m2

Faze la.
Phase Ia.

Plocha vyrubu = 55,1 m'
Excavation area = 55,1 m’
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Faze Ib. Plocha vyrubu = 55,1+55,1 m’
Phase Ib. Excavation area = 55,1+55,1 m'
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Obr. 5 - 8 Postup vystavby stanice
Fig. 5 - 8 Procedure of the construction work on the station

PROCEDURE OF THE CONSTRUCTION WORK
ON THE SINGLE-BAY STATION

It is for the first time that a single-bay station is built within the Prague
Metro network. Since this is a matter of an excavation of a large cavern in
urban conditions of heavy traffic on the urban roads and urban develop-
ment consisting mostly of residential buildings, the excavation procedure
has been chosen so that the deformations of the excavated tunnel and the
rock environment in its vicinity were reduced to a minimum level, thus the
surface subsidence was minimised. The Kobylisy station will be construc-
ted by the NATM, with both vertical and horizontal sequencing of the exca-
vation.

The overall excavated cross section area of the station tunnel amounts to
220 m?, The excavation width and height is 20.4 and 13.8 m respectively.
The excavation is divided vertically into 2 sidewall drifts with a Gothic arch,
7.2 m wide at the level of the working bottom, and the central part excava-
tion 6.1 m wide as a minimum. The two sidewall drifts represent firm sup-
ports for the successive excavation of the central partial excavation and the
closure of the single-bay station's primary lining vault and successively
also the invert. The construction of the sidewall drifts is directly connected
with the excavation of the adjacent single-track tunnels before the station
(in the direction towards the Ladvi station). The theoretical cross section of
the sidewall drifts is 7.2 m wide, 11.5 m high, and its area amounts to 55.0 m*.
The excavated area of the central part is 110 m*.

Faze ll. :
Phase |l. b 1
! \

Plogha vyrubu = 100,2+46,1 m'
Exf:avatfon ardéa = 100,2+46,1 m

' Plocha wyrubu = 220,0 m'

Faze IV, !
! Excavatin area = 220,0 ni
‘[ 4

Phase V.
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RIZENI ODEZVY HORNINY - MILNIKY DO ROKU 1970

THE CONTROL OF GROUND RESPONSE
MILESTONES UP TO THE 1960s

PROF. K. KOVARI
SWISS FEDERAL INSTITUTE OF TECHNOLOGY ZURICH, SWITZERLAND

(Pokracovani ¢lanku z &isla 4/2001 tohoto ¢asopisu)

POKROK V TECHNOLOGII ZAJISTOVANI VYRUBU

Jak jsme jiz uvedli, v klasickém tunelovani vladla az do padesatych let dva-

catého stoleti téméf na celém svété vydreva. Pouze postupné byly zavadé-

ny ocelové podpéry, potom stiikany beton nasledovany kotvami, a nakonec

v 8irokém méfitku systematickd kombinace téchto opatfeni k zajisténi vyru-

bu. Pro spravné pochopeni tohoto vyvoje je pfedevsim zapotiebi vyjmeno-

vat mnozstvi nevyhod vydrevy (obr. 8):

- enormni mnozstvi ¢asu a lidské prace, potiebné pro provedeni vydievy,

- prekazka pro razbu a odvoz rubaniny, protoze dievéna konstrukce ¢asto
zabirala az 60 % d&elby, a tak branila pouziti velkych strojd pfi
mechanizaci tézby,

- nadvylom, nutny kvili vydreve,

obtiznost stavéni v podélném i pfiéném sméru dostate¢né stabilniho

a tuhého systému ze dieva,

slozitost pracovnich fazi pfi budovani klenby trvalého osténi s pouzitim

soutasné provadéného zajistovani horninového masivu dievénou

konstrukei,

omezené moznosti uprav vydfevy v pfipadé geologii zplsobenych

pfesazeni profilu (zaval, krasové jevy),

- sniieni nosnosti vydfevy po jeho napadeni hnilobou,

velky odpor vzduchu pfi vétrani v priibéhu vystavby,

nebezpedi pozaru, zvlasté v uhelnych dolech,

enormni spotfeba dieva, ktera vedla v mnoha oblastech k nedostatku dieva.

Nepiekvapuje tedy, Ze Simms jiz v roce 1844 viele doporucoval pouZivani
dfeva "v co nejmensim rozsahu". Nepfekvapuje ani to, Ze vydfeva byla
nakonec nahrazena jinymi zplsoby zajiténi. Prvnim z takovych navrienych
opatieni byly ohybané ocelové kolejnice. Déle byl Rziha (1867) schopen
podstatné redukovat potfebu drevénych konstrukei a zvysit svétly prifez
v tunelu pouzitim modulovych ocelovych konstrukei, které bylo mozno roze-
brat. JelikoZ vsak jeho konstrukce byla spojena s pfedem urtenou geomet-
rii profilu, nebylo mozno pouzit tuto metodu vseobecné. Skute¢nd naprava
byla moina pouze pomoci novych opatfeni - ocelovych ramd, stfikaného
betonu a svornikd.

Nyni bude struéné predveden jejich vyvoj.

Vystavba tunell v tomto sméru dluzi mnoho hornictvi, jelikoz podminky pro
nové sméry vyvoje v této oblasti byly obzvlasté priznivé, a to ze tfi davoda.
Nové myslenky a technologie bylo moZno vyzkouset snadnéji ve §tolach
malého priifezu nez v zelezniénich tunelech. Navic jsou délky usekd v hor-
nictvi véeobecné mnohem vétsi nez u tunell. Hornictvi tedy umoziiuje kon-
tinuitu ¢innosti po dobu celych let nebo desetileti, coZ vytvafi dobré pod-
minky pro testovani novych metod. Na druhou stranu tunelovani muselo
plnit Ukol na védeckych zakladech zaloZeného vyvoje pouZiti novych pro-
stredkl pro zajistovani vyrubu u "metody SLC".

Ptame-li se dnes sami sebe pro¢ se od vydfevy neodeslo mnohem dfive
a nepfeslo k jinym prostiedk(m zajistovani, neméli bychom zapomenout, ze
kromé previadajiciho konzervativniho pfistupu tam, kde $lo o inovace, roz-
hodovala i ekonomicka hlediska. Lidska prace, potfebna pro budovani
vydfevy, byla lacing, zatimco ceny oceli a cementu zlstavaly v poméru k ni
po dlouhou dobu vysoké. Cas pro opusténi vydievy uzral, a kdyZ produkti-
vita dolovani mohla byt ohromné zvy$ena pouzitim vét$ich strojl, jakymi
jsou stroje pro nakladani a dopravu.

{Continuation of the article from the No. 4/2001 of this journal)

ADVANCEMENTS IN SUPPORT TECHNOLOGY

As just mentioned, conventional tunnelling world-wide was virtually domi-
nated by timbering until the 1950s. Only gradually were steel supports, then
shotcrete, followed by anchors and, finally, the systematic combination of
these support measures on a broad scale, introduced. A proper understan-
ding of this development necessitates, first of all, the enumeration of the
many disadvantages of timbering (Fig. 8):

the enormous amount of time and labour necessary to install timbering,
the obstruction of excavation and mucking activities, as the timber
structure would often involve up to 60% of the excavation face, thus
impeding the mechanisation of excavation using large machines,

- over-excavation made necessary because of the timbering,

the difficulty of constructing a sufficiently stable and stiff system, both
transversally and longitudinally, out of wood,

the complexity of the working phases during the construction of the arch
for the permanent lining, using simultaneous support of the rock mass
with the timber structure,

the limited possibilities for adjustments to the timbering in the case of
geologically caused over profiles (cave-in, karst),

the decrease in bearing capacity of the timbering following rotting of the
timber,

- the excessive air resistance for the ventilation during construction,

the risk of fire, especially in coal mines,

the enormous consumption of wood, which led to wood shortages in many
regions.

Therefore, it is not surprising that Simms, as early as 1844, had already
strongly advised the use of timber "as little as possible". It is also not surp-
rising that timbering was eventually replaced by other support methods. The
first of such measures proposed were curved steel rails. Further, Rziha (1867)
was able to reduce the need for timber construction substantially and to inc-
rease the clearance in the tunnel by using a modular steel structure which
could be dismantled. However, since his structure was tied to a predefined
profile geometry, this method could not be applied generally. A true remedy
would only be offered by the new support measures - steel ribs, shotcrete
and bolts. Their development will now be briefly presented.

In this regard, tunnel construction owes very much to mining, as the condi-
tions for new developments in that field were especially favourable for three
reasons. New ideas and technologies could be tried out more easily in small
diameter adits than in railway tunnels. In addition, section lengths are gene-
rally much longer in mining than in tunnelling. Thus, mining offers continu-
ity in operation over a period of years or decades, providing good conditions
for the testing of new methods. On the other hand, tunnelling had to fulfil the
task of developing, based on scientific considerations, the use of the new
support measures towards the "SCL method".

When we ask ourselves today why timbering was not abandoned much ear-
lier in favour of other support measures, it should not be forgotten that, in
addition to a prevailing conservative attitude where innovations were con-
cerned, economic points of view were also decisive. The labour needed for
timbering was cheap, while steel and cement prices remained proportional-
ly high for a long period of time. Only when mining productivity could be
greatly increased through the use of larger machines, such as loading and
transport machines, was the time ripe for abandoning timbering.
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OCELOVE PODPERY

Prvni pouZiti ocelovych profilli kombinovanych s vydfevou nebo ji nahrazu-
jicich neni jasné uréeno. Musime se domnivat, e nejprve se poufily staré
Zeleznitni kolejnice. Prvni skuteny podnét pro poutiti ocelovych podpér
pfisel s nastupem prvnich vélcoven v poloviné 19. stoleti (obr. 9). V publi-
kaci z roku 1869 {Glickauf 28) se mizeme dogist, Ze "poutiti Zeleza pro
nahrazeni dieva a podpirani klenby se v nékolika poslednich letech uplat-
fluje na mnoha razbach v Prusku pfi zajistovani tuneld i pro zajistovani vét-
$ich vyrubd." {...) "Ddini kolejnice vétsich rozmér( mohou byt vyhodné pou-
Zivany spolu s T-profily a kolejnicemi Bignole." Spojovani jednotlivych dili
se provadélo pomoci Sroubovanych spojovacich ok, a prostor mezi horni-
novym masivem a konstrukei byl utésfiovan kameny. Z jiné zpréavy (Gliickauf
31) se doviddme, Ze v letech 1863 - 67 se na nékolika Sachtach dafilo vypo-
Fadat s "tekoucimi pisky" pouzitim ocelové vystroje: "Vyrub byl udrzovan
¢isty a v kruhovém tvaru pomoci ocelovych prstench.” Podrobnou informa-
ci o vyhodach ocelovych konstrukei oproti vydievé na zkuebnim Gseku
v tladivé horniné piedklada Pfihler (1872): "Usek musel byt vystrojovan ve
dné a ve stropé kvli trvalym posuntim a sedani. Jejich G¢inkem dochazelo
k posunovani vydfevy, jejimu klouzani a dokonce lamani v takovém rozsa-
hu, Ze se musely provadét nepietrzité opravy. Aby vystroj vydriela tlak
a posuny ve vdech smérech, byl zvolen elipticky prifez." Autor uzavira svou
praci, kterd je pIna technickych detaild a konstrukénich nakresi, pozndm-
kou: "Ve vét§iné piipadd jsou za téchto podminek Zelezné podpéry pro pod-
pirdni klenby levnéjsi, a v mnoha pfipadech jsou dokonce levnéjsi ne
vydfeva." Studiem literatury se zjisti, ze do konce 19. stoleti byly vyfedeny
zékladni konstrukéni problémy pouziti ocelové vystroje, a Ze tento systém
vystrojovani zacal nahrazovat vydievu po celém svété, pfinejmensdim v tla-
¢ivych horninach (Fayol 1885, Mathet 1888, Kéhler 1900).

Zvl4sté plsobivym pfikladem prvnf aplikace ocelové vyztuze v tunelovéni je
znama "zoéna tlaku" v Simplonském tunelu, "ktera predstavovala pro razice
jeden z nejhor8ich probléma, se kterymi se setkali v celé historii tunelové-
ni" (Sandsrém 1963). Na hlavni ¢elbé byly pouZivany pravouhlé ocelové
ramy o vnitini svétlosti 2,5 x 2,8 m (obr. 10). Ramy byly osazovény jeden po
druhém, vedle sebe, a byly svazany dohromady podélnymi ocelovymi nos-
niky. Aby se zabranilo bouleni a krouceni téchto | profild, byly mezi né umis-
tovany tézké dubové tramy. V nékterych Usecich nebyla ani tato opatfeni
dostatecna, coz vedlo k destrukci konstrukce. Nakonec bylo mozno tuto
“zénu tlaku" prekonat pomoci 2,5 m silné protiklenby a stropni klenby
o tloustce 1,7 m. K. Pressel, vedouci technického dozoru investora, mohi
tehdy v roce 1906 oznamit: "Méreni, provadéna v pravidelnych intervalech
az do konce roku 1905, neobjevila sebemensi deformace."

V roce 1932, kdy byly vyvinuty Toussaint-Heintzmannovy rdmy s kluznymi
spoji, byl zaznamenén velky pokrok jak v navrhovani, tak stavbé ocelové
vyztuze. "Pro jeji ndvrhovy prufez bylo rozhodujici brat v Gvahu hodnoty
pfiéného prifezu v ose mensiho z momentd odporu, aby se zvysila bezped-
nost proti bouleni. Na druhou stranu toto mélo tendenci sniZovat pevnost

(Juerschnitt 556 gm,

Obr. 1 Dodasna vyztuz ocelovymi a dievénymi pazinami (Schneider 1880)
Fig. 1 Temporary support by steel ribs and wood legs (Schneider 1880)

STEEL SUPPORTS

The first use of steel profiles in combination with or in place of timbering is
obscure. It is to be supposed that, first of all, old railway rails were used. The
first real impetus for steel supports came with the arrival of the first rolling
mills in the middle of the 19th century (Fig.9). From a publication dating from
1869 (Gliickauf 28), it may be seen that "the application of iron for the repla-
cement of timber and arching has been used with great success over the last
few years in many excavations in Prussia, for tunnel support as well as for
the support of larger openings.” (...) "Mining rails of larger dimensions can
be advantageously used with T-shaped sections and Bignole rails". Fixing
together individual pieces was achieved using a screwed connecting loop
and the intermediate space between the rock mass and the structure was
packed with stones. From another report (Gliickauf 31), we learn that in the
years 1863 - 67, "quicksand" could be overcome in several shafts using steel
supports: "The opening was kept clear and circular through the use of iron
rings". Pfahler (1872) provides a detailed statement concerning the advanta-
ges of steel structures over timbering in a test stretch in squeezing rock: "The
stretch had to be supported at the floor and the roof due to continuous dis-
placements and settlements. These caused the timbering to shift, slip and
even break such that incessant repairs had to be carried out. An elliptical
shape was chosen in order to withstand pressure and displacements in all
directions." The author concludes his work, rich with technical details and
construction sketches, with the remark: "In most cases, under these conditi-
ons, iron supports are cheaper for arching and in many cases cheaper even
than timbering". The literature study reveals that by the end of the 19th cen-
tury, the basic construction problems using steel supports had been solved
and that this support system began to replace timbering world-wide, at least
in squeezing rock (Fayol 1885, Mathet 1888, Kéhler 1900).

A particularly impressive example for the early application of steel supports
in tunnelling is the famous "pressure zone" of the Simplon tunnel "which
presented the miners with one of the ugliest problems encountered in the
history of tunnelling” (Sandstrém 1963). Rectangular steel frames with an
opening of 2.5 x 2.8 m were used in the main heading (Fig. 10). The frames
were placed one by one, side by side and tied together with longitudinal
steel beams. To prevent buckling and twisting of the | beams, heavy oak tim-
bers were placed between them. In some sections, even these measures
were not sufficient, leading to destruction of the construction. Finally, the
whole "pressure zone" could be overcome with an invert 2.5 m in thickness
and an arch with a thickness of 1.7 m. K. Pressel, the resident engineer, could
then in 1906 report: "The measurements carried out at regular intervals until
the end of 1905 revealed not the slightest deformation”,

In 1932, with the development of the Toussaint-Heintzmann ribs with sliding
connections, significant progress was seen for both the design and the con-
struction of steel supports. "For its design profile, it was crucial to consider
the cross-sectional values in the axis of the smaller of the moments of resi-
stance in order to increase buckling safety. On the other hand, this tended to
reduce resistance to bending." (Wiirker 1934). The design of the walls with
"friction connecting loops” permitted this type of support to withstand larger
convergence with constant lining resistance. This was the dawn of the first
industrially-produced supports in squeezing rock, by means of which ground
pressure could be reduced with the increased convergence.

A% y

Obr. 2 Vydieva u jizni rampy tunely Lotschberg 1908 - 1913

Fig. 2 Timbering at the south ramp of the Létschberg tunnel1908 - 1913
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v ohybu.” (Wiirker 1934}, Redeni stén s "tFecimi spojovacimi oky" umoznilo,
aby tento typ vyztuze snesl vét$i konvergenci s konstantnim odporem osténi.
Toto byl dsvit prvnich primyslové vyrdbénych druhl vyztuze pro tlagivé hor-
niny, jejichz pomoci mohl byt snizovan horninovy tlak zvy3enou konvergenci.
Vysoké technické a védecka Grover tunelovani s pomoci ocelové vystroje ve
StyFicatych letech 20. stoleti je nejlépe vidét ze znamé knihy Proctora
a Whitea (1946), napsané s velkym pfispénim Terzaghiho.

OSTENI ZE STRIKANEHO BETONU

Vyvoj technologie stiikaného betonu zapocal vyndlezem "cementového
déla" Ameri¢anem C. E. Akeleyem. Ten ziskal v roce 1911 patent na "Pfistroj
na michani a nanaseni plastickych nebo adhesivnich materiald". Z mnoha
inzenyrd, ktefl posunovali tento technicky rozvoj pomoci dalsich vynalez(,
Ize uvést némeckého Ameritana C. Webera, Svycara G. Senna a Holandana
M. J. Stama (Teichert 1979). Této stfikané malté se fikalo "gunite" a pozdéji
"torkret", a od roku 1937 také "stifkany beton", takZe o téchto ¢innostech se
hovofi jako o "gunitovani®, "torkretovani" a "stikani betonu".

V roce 1914 zadal Bansky ufad USA (United States Bureau of Mines) nahra-
zovat vydfevu stfikanym betonem na experimentainim dolu Bruceton {Rice
1918). "Metoda stiikaného betonu byla vyzkou$ena a shledana byt tak
vyhodnou, ze nyni spoleénost Anaconda stiikaci zafizeni nakoupila. (...}
Dokondené préace ukazuje, ze smés pisku a cementu byla zastfikana do kazdé
trhliny a zéhybu, aZ je téiké ji odlidit od vlastni horniny." A "muize se zjistit,
e je nutné poutit do stfikaného betonu vyztuz z ocelovych siti ..." Dale se
zddraziiuje "o kolik bezpetnéj$i je hladké betonové osténi ve srovnani
s vydievou. Je moZng, Ze tenkym betonovym povlakem se Ize v mnoha pfi-
padech vyhnout velkym nakladim na vydievu."

Ze zprévy (Knox a Potter 1920) jsme zjistili, Ze v dole Calumnet & Hecla
Conglomerate byl stfikany beton pouZit pro dopravni cestu v hioubce pfes
1500 m v Useku dlouhém 2,7 km. Zprava sdéluje, ze "v Zadné tasti dokon-
geného Useku nebyl pro zajiéténi nesoudriné zeminy pouzit ani jeden kus
betonu v téchto podminkach ..." Autofi ve svém nad$eni dospivaji k zavéru,
7e pravdépodobné existuii "statisice stop dllnich vyrubd, které by mély byt
zajistény stiikanym betonem namisto vydievovani. V uréitych pfipadech je
to relativné nenaroéné na naklady, ohnivzdorné, snadno opravitelné a Uzas-
né ucinné."

Pojem "metoda stfikaného betonu" se poprvé objevil ve dvacatych letech
dvacatého stoleti. MoZnosti aplikace stiikaného betonu byly uznany a vyu-
Fity v technickém svété velmi rychle. K prvnimu poufiti ve vystavbé tunell
a 8achet doslo dokonce jiz pfed rokem 1920. S pouZitim této metody bylo
provedeno osténi Zelezniénfho tunelu v lllinois, ktery byl do té doby bez
osténi. Osténi ze siti vyztuZzeného stfikaného betonu bylo provedeno bez
pferuseni Zelezniéniho provozu. H. Schliter (1920) v Casopisu "Zement"
a K. E. Hilgard (1921) v "Schweiz. Bauzeitung" byli prvni v Evropé, kdo poda-
li zpravu o této nové technologii. Od Hilgarda se dovidame, ze v tomto
obdobi byly ve Svycarsku osténim ze stiikaného betonu vyztuzeného sitémi
opatfeny dva tunely na vodnich kanalech. Také opravy na star$ich Zeleznig-
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Obr. 3 Simplonsky tunel, ocelové ramy s dfevénymi tramy v tlakové sekei

Fig. 3 Simplon Tunnel, steel frame with wood beams in the "pressure section”

The high technical and scientific level of tunnelling with steel support in the
1940s is best demostrated by the famous book of Proctor and White (1946)
with a major contribution of Terzaghi.

SHOTCRETE LINING

The development of shotcrete technology started with the invention of the
“cement-gun” by the American C.E. Akeley. He obtained a patent in 1911 for
an "Apparatus for mixing and applying plastic or adhesive materials".
Among the numerous engineers who advanced this technological develop-
ment through further inventions, the German-American, C. Weber, the
Swiss, G. Senn and the Dutch, M.J. Stam may be mentioned (Teichert 1979).
This sprayed mortar was called "gunite" and later “torkret" and since 1937
also "shotcrete”, thus the operations are referred to as "guniting", "torkre-
ting" and "shotcreting".

In 1914, the United States Bureau of Mines began to replace timbering with
shotcrete in the Bruceton experimental mine (Rice 1918). "The cement-gun
method was tried and found to be such an advantage that now mine guns
have been purchased by the Anaconda company. (..) The finished work
shows that the mixture of sand and cement has been shot into every crack
and fold of the rock until it can hardly be distinguished from the rock itself."
And "it may be found necessary to use a reinforcing wire mesh in the guni-
te...”. Furthermore, it is stressed "how much safer is a smooth, concrete lining
as compared with timbering. By a thin coating of cement it is possible that the
heavy expense of timbering in many cases may be avoided.”

From a report (Knox and Potter 1920) we learn, that in the Calumnet & Hecla
Conglomerate mine a transportation route at a depth of over 1500 m gunited
along a stretch of 2.7 km, stating that "there's not a single stick of timber
being used in any part of the completed portion for the purpose of supporting
loose ground. The most sceptical of us have become enthusiasts in the use of
gunite under these conditions...". The authors in their enthusiasm conclude
that there are probably "hundreds of thousands of feet of mine openings that
should be ,gunned’ instead of timbered. it's relatively inexpensive, fireproof,
easily repared, and astonishingly effective in certain instances."

The term "shotcrete method" appeared for the first time in the 1920s. The
possibilities for the application of shotcrete were recognised and utilised
very rapidly by the technical world. The first application in tunnel and shaft
construction was carried out even before 1920. Using this method, an unli-
ned railway tunnel in lllinois was lined with a net reinforced gunite shell, wit-
hout suspending the rail service. H. Schliiter (1920) in the magazine
"Zement" and K. E. Hilgard (1921) in the "Schweiz. Bauzeitung" were the first
in Europe to report on this new technology. From Hilgard, it is learned that
in this period two waterway tunnels (Klosters-Kiiblis and Amsteg) were lined
with reinforced shotcrete in Switzerland. Also, repair work in older railway
tunnels was carried out with shotcrete (Coldrerio and Massagno Tunnels
near Lugano). In Germany, a 6 km long waterway tunnel for the Heimbach
power station was lined with shotcrete for the first time in 1922: "It is
a distinct advantage to be able to carry out excavation and torkreting simul-
taneously. How fast the sprayed concrete stuck to the rock after torkreting
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Obr. 4 Simplonsky tunel, porusené ocelové ramy (Pressel 1906)
Fig. 4 Simplon Tunnel, failed steel frames (Pressel 1906)
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nich tunelech se provéadély stfikanym betonem (tunely Coldrerio
a Massagno pobliz Lugana). V Némecku bylo osténi ze stfikaného betonu
provedeno poprvé v roce 1922 na 6,2 km dlouhém tunelu vodniho kanalu
pro elektrarnu Heimbach: "Je jasnou vyhodou byt schopen provadét razbu
a torkretovani soutasné. Kdyz se trhaci prace zahajovaly kratce po nastiika-
ni betonu, mélo se sledovat, jak rychle po nastiikani zacne beton drzet na
horniné. Av8ak trhlina v horniné po odstielu se plné projevila az 4 dny po
nastftkani vrstvy betonu. V malych plochach se vrstva betonu odlupovala
od povrchu horniny." Clanek konéi vétou "Musime doufat, Ze tato nova sta-
vebni metoda umozni, aby se vystavba hydroelektraren provadéla rychleji
a hospodarnéji." Je to poprvé, co byl pojem "stavebni metoda" pouzit pro
stiikany beton.

Relativné brzy poté se vyskytly rlizné hypotézy, vysvétlujici, jak stfikany
beton v konstrukei tunelu funguje (Tibben 1923): "Popsany uspéch tohoto
postupu se na prvni pohled zda prekvapujici, avSak vysvétleni je podle
mého nazoru neobycejné jednoduché. Zatimco Zelezobeton se uvniti sklada
z pevné a tuhé hmoty, stfikany beton tvofi pouze velmi tenkou slupku, ktera
je do uréité miry pruzna jako pryz. To, Ze pruiné téleso unese pomérné vyssi
zatizeni nez pevné, je samozfiejmé."

V roce 1925 byly publikovany dvé rizné a vyéerpévajici monografie, tykaji-
ci se pouziti stiikaného betonu ve stavebnictvi, obzvlasté ve vystavbé doli
a tunell {Szilard 1925, Meyer 1925). Meyer podava zpravu, Ze torkretovanim
je mozno "zachytit zemni tlak anebo pfinejmensim branit padani horniny".
V této préci je poprvé popsano betonové osténi v tladivé horning, uzaviené
do upIného prstence, tj. vytvofeni protiklenby ze stiikaného betonu. Meyer
tedy poskytl dikaz, ze vydfeva nebo ocelové podpory mohou byt nahraze-
ny vyztuZzenym uzavienym pléstém ze stiikaného betonu.
Abychom ilustrovali 8iroké poufZiti stiikaného betonu ve dvacatych letech
20. stoleti, poukazujeme na ¢lanek v "Neue Ziircher Zeitung". Pod nadpisem
"Postup stfikani betonu neboli torkretovani” (1926} je mimo jiné i prohlase-
ni, Ze "tato metoda se jiz osvédCila, obzvlasté u vystavby tlakovych tunell.
Tunelové osténi se bézné sklada ze dvou prstencl, vnéjsi péchovany beto-
novy prstenec a vnitini vyztuzeny prstenec. Z divodu velmi malych ok
u vyztuznych siti druhého prstence predstavuje ukladani betonu s pouZitim
pneumatickych metod podstatné provozni a ekonomické zlepseni."
Svycarska stavebni firma Prader AG, Ziirich, provadéla stfikani betond
v nékolika zemich, napfiklad v tlakovych tunelech Saltos del Cala v Seville
(1926) a Saltos del Albreche {1928), tunel vodniho kanalu Pinet ve Francii
(1928) a tlakovy tunel Joginder Naggar (1931-32) pobliz Lahore v Indii
{Konverzace D. Prader). Podivame-li se zb&Zné na vyvoj na severoamerickém
kontinenté, pak musi byt zminén hlavné dil McIntyre v kanadském Ontériu,
ve kterém "aplikace stfikaného betonu na lic vyrubu je jiz nékolikaletou béz-
nou praxi' (Keeley 1934). "Problémy dolovani, souvisejici s odpryskavanim
a nesoudrznou zeminou, byly Upravou tohoto postupu kompletné vyfeseny.
(...) Uginky betonu na zajisténi klenby a jeho smykova pevnost jsou znaéné."
Bylo poukazano na to, Ze nahrada vydfevy stfikanym betonem vede k 50%
Uspofe pficného profilu dilini toly. Jednou z vynikajicich viastnosti tohoto
pfipadu je v€asné pouziti kombinace horninovych svornik(, svafovanych siti
a stfikaného betonu jako dofasného zajisténi v obtiznych horninovych
pomérech (hloubka pfes 1500 m). V pozdéjsi publikaci (Anonymous 1957) se
potvrzuje: "PoutZiti stiikanych betond pro zajistovani velkych vyrubu trvalého
charakteru je na dole Mclntyre béznou praxi od roku 1930."
Dal$im nasim prikladem je 45,8 km dlouhy tunel vodniho pfivadéce Hetch
Hetchy v Kalifornii. "Problémy s pohybujici se horninou vedly k nadmérné
potiebé driby a nutnosti dvakrat a nékdy trikrat vyménovat vydfevu. Ke
zlepSeni tohoto stavu bylo v mistech, kde byly podminky nejhorsi, vyzkou-
$eno pomocné kruhové osténi z pneumaticky aplikovaného stfikaného
betonu. Uspéch, dosazeny pouitim této metody, byl ohromny {(...). Uspory,
dosazené eliminaci potfeby vymény vydrevy, néslednych (prav vyrubu
a snizovanim potreby udrzby trati naznacovaly moZnost poutiti tohoto osté-
ni k aplnému vylouéeni vydrevy. Metoda je nyni vypracovana do véech
podrobnosti a je pouzivana s oéividnym Uspéchem na tisicich stop u néko-
lika razeb" (Anonymous 1933). V rdmci studii horninového tlaku, kterému je
treba vzdorovat, byla provedena méfeni konvergenci {Anonymous 1931).
Rozsah, v jakém technologie stfikaného betonu dosahla v Evropé propraco-
vané Urovné jiz v roce1920, je demonstrovan na pfikladu tunelu Mersey
mezi Liverpoolem a Birkenheadem. Tento étyfproudy tunel o priméru 13,4 m
byl nejvétsim silnicnim tunelem své doby a je dosud nejvétsim tunelem na
svété, ulozenym pod hladinou vody. Litinové dilce, ze kterych je tunel posta-
ven, musely byt pokryty nad vozovkou 1 palec tlustou vrstvou vyztuzeného
stfikaného betonu. Celkova délka useku, opatfeného stiikanym betonem,
byla 4,2 km, coz predstavovalo asi 70 000 m? plochy. Nepfekvapi tedy, Ze
"Pfirucka pro provadeéni stiikanych beton(" byla uvefejnéna v roce 1934
v Londyné. K popisu dal$iho vyvoje v oblasti stfikaného betonu po druhé
svétové valce se vratime pozdéji.

{Dokonéeni v pfistim cisle)

was to be seen, once blasting operations were resumed shortly after torkre-
ting procedure. However, only when the torkreted layer was 4 days old did
rupture occur entirely in the rock during blasting. In small zones the concre-
te layer disengaged itself from the rock face." The article closes with the sen-
tence "It is to be hoped that this new construction method will enable the
construction of hydroelectric power plants to be carried out more rapidly
and more economically.” This is the first time that the term "construction
method" related to sprayed concrete lining was used.

Various hypotheses explaining how shotcrete works in tunnel construction
appeared relatively early on (Tiibben 1923): “The described success of the
procedure seems bewildering at first glance, however the explanation is
extraordinarily simple in my opinion. While reinforced concrete is composed
of a firm, stiff mass within, shotcrete forms only a very thin skin which to
some extent is elastic like rubber. That an elastic body can withstand pro-
portionally higher loading than a rigid one is obvious".

In 1925 two different and exhaustive monographs were published concer-
ning the application of shotcrete in construction and especially in mining
and tunnelling (Szilard 1925, Meyer 1925). Meyer reports that with torkre-
ting, it is possible to "take up ground pressure or at least hinder rockfall
using this support measure". In this work, a concrete lining closed to a full
ring in squeezing rock was reported on for the first time, i.e. the formation of
an invert arch with shotcrete. Thus, Meyer furnished proof that timbering or
steel supports could be replaced by a reinforced, closed shotcrete shell.

In order to illustrate the widespread use of shotcrete in the 1920s, we refer
to an article in the "Neue Ziircher Zeitung". Under the headline "Shotcrete or
torkret procedure" (1926), among other things, it was stated that "especially
for the construction of pressure tunnels, the method has already proven
itself. The tunnel lining is generally made up of two rings: an outer tamped
concrete ring and an inner, reinforced ring. Because of the very close-mes-
hed reinforcing net of the latter, the concrete placement using pneumatic
methods represents a substantial operational and economic improvement.”
The Swiss contractor Prader AG, Ziirich carried out guniting work in several
countries, for example in the pressure tunnels Saltos del Cala at Sevilla
(1926) and Saltos del Alberche (1928), the waterway tunnel Pinet, France
(1928) and the pressure tunnel Joginder Naggar (1931-32) near Lahore in
India (Conversation D. Prader). If one casts a quick look at the developments
on the North American continent, then first of all the Mcintyre Mine in
Ontario, Canada, has to be mentioned, in which "guniting of rock surface has
been standard practice for several years" (Keeley 1934). "By adaptation of
this process mining problems connected with scaling and loose ground have
been completely solved. {...) The arch-supporting effect and the shearing
strength of the concrete are considerable." It has been pointed out that repla-
cement of timbering by guniting leads to 50 per cent savings in the cross-
section of a mine drift. One of the outstanding features of this case is the
early application of the combination of rock bolts, wire mesh and gunite as
temporary support under difficult ground conditions (depth over 1500 m). In
a later publication (Anonymous 1957}, it is confirmed: “Guniting has been
a standard practice at the Mcintyre mine since 1930 for the support of all
large excavations of a permanent nature.”

Our next example is the 45.8 km long Hetch Hetchy water supply tunnel in
California. "Difficulties with moving ground resulted in excessive mainte-
nance and in replacing the timbering twice and sometimes three times. To
effect some relief from this condition, a circular sub-lining of pneumatically
sprayed concrete (gunite) was tried where conditions were most severe.
Success in the use of this technique was great. {(...) Savings effected in eli-
minating retimbering, re-excavation and in reducing track maintenance sug-
gested the possibility, of using this lining to eliminate timbering altogether.
The method has now been worked out in detail and has been used with mar-
ked success for thousands of feet at several of the headings" (Anonymous
1933). Convergence measurements were taken in studies of rock pressure to
be resisted (Anonymous 1931).

The extent to which the technology of shotcrete had reached a sophisticated
level already in the 1920s in Europe is demonstrated by the example of the
Mersey Tunnel between Liverpool and Birkenhead. The four-lane tunnel with
a diameter of 13.4 m was the largest road tunnel at the time and today is still
the largest sub-aqueous tunnel in the world. The cast-iron segments of
which the tunnel is constructed had to be covered over the roadway by a 1
in. thick reinforced shotcrete layer. The total length of the shotcreted section
was 4.2 km, involving approx. 70 000 m? of surface area. It is, therefore, not
surprising that a "Handbook on Cement Gun Work" was published in 1934 in
London. We will come back to address the further developments of shotcre-
te after the Second World War later.

(To be continued in the next number of this journal).
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MODERNI ZPUSOB MERENI KONVERGENCI
PRI RAZBE TUNELU MRAZOVKA

ADVANCED SYSTEM OF CONVERGENCE MEASUREMENT
IN THE EXCAVATION OF THE MRAZOVKA TUNNEL

ING. PETR HLAVACEK, ANGERMEIER ENGINEERS, s. r. 0.

uvob

Pfi raibé tunelu Mrazovka v Praze byl pouZit jeden z nejmodernéjsich zpu-
sobl méfeni konvergenci, ktery je zéleZitosti geodetickou a ne, jak bylo
doposud obvyklé, geotechnickou. Jeho popis a porovnani s méfenim kla-
sickym jsou obsahem tohoto ¢lanku.

MERENI KONVERGENCI A NRTM

Pfi razbé tunelll NRTM je chovani masivu jednim z rozhodujicich prvki pro
dal$i prabéh razebnich praci. Ovliviiuje bezpeénost raiby a budouciho tune-
lu a vyraznou mérou zasahuje do ceny tunelu. S jistou pravdépodobnosti je
mozno toto chovani pfedpovédét a spravnost této predpoveédi je tieba ové-
Fovat souhrnem geotechnickych méfeni v podzemi i na povrchu, probihaji-
cich v priibéhu razby. Nejvétsi vyznam z téchto méfeni maji pravdépodobné
méFenl konvergenci, kterd se provadéji za viech okolnosti, a to i v pfipa-
dech, kdy jsou ostatni méfeni v danych podminkach redukovéna nebo
dokonce vypusténa. Konvergenéni méfeni jsou také co do objemu nejvétsi.
M&fi se pFi nich pohyby primarniho osténi na bodech osazenych do profilil
kolmych na osu tunelu po vnitinim obvodu stiikaného betonu v uréitych
gasovych intervalech zavislych na chovani masivu. Prvni méfeni, které je
referenéni, musi byt provedeno co nejdfive po osazeni bodi na éelbé do
stiikaného betonu po otevieni zabéru, aby byly podchyceny nejvétsi narus-
ty deformaci, vznikajici hlavné bezprostfedné po narudeni masivu. Kazda
dalsi etapa méfeni je porovnana bud s referenéni, nebo s predchozi
a vysledky se vynaseji do deformaénich grafd.

neg. sign =

convergence

(— ™

, 5 -

Obr. 1 B&Zny konvergentni profil - konvergence (soubor konvergence.wmf)
Fig. 1 Common convergence profile - convergence (konvergence.wmf file)

INTRODUCTION

One of the most advanced systems of convergence measurement is being
used in the excavation of the Mrazovka tunnel in Prague. The system is
a matter of geodesic surveying, as opposed of the geotechnical monitoing,
which has been customary till now. Its description and comparison with the
conventional measurement system is the subject of this article.

CONVERGENCE MEASUREMENT AND THE NATM

In the NATM tunnel excavation, rock mass behaviour is one of deciding ele-
ments for the further progress of the work. It affects the safety of both the
mining operations and the future tunnel, and influences significantly the
price of the tunnel. It is possible, with a certain degree of probability, to fore-
cast this behaviour, and correctness of this forecast has to be verified by
a set of geotechnical measurements both underground and at the surface,
which are performed in the course of the excavation. Out of those measure-
ments, the most important are convergence measurements, which are per-
formed under all circumstances, even if the other measurements in given cir-
cumstances are reduced or cancelled. The convergence measurements are
also the largest ones in terms of the volume. They comprise measurement
of displacement of primary liner at points fixed at profiles perpendicular to
the tunnel centre line, along the internal face of sprayed concrete, at certain
time periods depending on the rock mass behaviour. The first measurement,
which is of reference one, has to be carried out as soon as possible, after
installation of the measurement points into sprayed concrete at the tunnel
face (after opening the next round) so that the biggest increase in deforma-
tions, originating primarily immediately when the rock mass has been bro-
ken, could be recorded. Every other measurement phase is compared either
with the reference measurement or with the previous one, and the results
are plotted on deformation graphs.

CONVENTIONAL CONVERGENCE MEASUREMENT

Convergence bolts are installed along the perimeter of sprayed concrete
lining. Straight distances between those points are measured with a conver-
gence tape. After fixing both ends of the tape to two of the bolts installed in
the profile, the tape is strained by means of a tensioning mechanism, by
a certain force, to prevent creation of so-called catenary curve, i.e. deflecti-
on of the tape due to the gravitation. Once the tape has been strained, it is
possible to read the distance between the convergence points on a read-out,
with a realistic accuracy of 0.1mm. Another element of the measurement
process is determination of the vertical convergence component, i.e. the
settlement. It is carried out by levelling, usually on a convergence bolt,
which is fixed on the tunnel axis, at the top heading crown, or on two bot-
tom bolts. Its realistic accuracy is up to Tmm. The measurement requires
a convergence tape, levelling equipment, paper and a pencil.

TROUBLES IN THE CONVENTIONAL CONVERGENCE MEASUREMENT

The advance rate of excavation has been increasing and the possibilities in
tunnelling broadening (large-profile tunnels, complicated routes with bifurca-
tion chambers, tunnels built under demanding geotechnical conditions, etc.)
with improving mining and building equipment. Principal disadvantages of
the conventional way of the convergence measurement have emerged.

One of them is the measurement "slowness". This means the time necessa-
ry to measure four diagonal and two horizontal distances at a usual five-
point profile. Under difficult geotechnical conditions, it is necessary to mea-
sure more convergence profiles in one day. The possibility of traffic at the
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KLASICKE MERENI KONVERGENCI

Po obvodu stfikaného betonu se osadi konvergenéni body. Mezi témito
body jsou méfeny pfimé vzdalenosti konvergenénim pasmem. Po upnuti
obou koncli pdsma na dva z bod0 na profilu je toto pdsmo pomoci napina-
ciho mechanismu napnuto ur€itou silou, aby se zabranilo vytvofeni tzv.
fetézovky {prohnuti pasma z dlvodu zemské pfitazlivosti). Po napnuti
pasma je mozno na odeéitacim zafizeni odecist vzdalenost mezi konver-
genénimi body s redlnou pfesnosti na 0,1 mm. Dal$im prvkem méfeni je
uréeni vertikalni slozky konvergenci - sedani. To se provadi nivelaci, obvykle
na konvergenénim bodé, ktery je osazen na ose tunelu ve vrku kaloty, nebo
na dvou spodnich bodech. Jeji redlnad pfesnost je do 1 mm. K méfeni je
potreba konvergenéni pasmo, nivelacni vybaveni, papir a tuzka.

PROBLEMY PRI KLASICKEM MERENI KONVERGENC/

Se zlepSujicim se dobyvacim a stavebnim vybavenim narlstala rychlost
postupu razby a vyrazné se rozsifity moznosti pfi budovani tuneld (velko-
profilové tunely, slozité trasy s rozplety, tunely v naroénych geotechnickych
podminkach, ...). PFitom se projevily zasadni nevyhody klasického zplsobu
méfeni konvergenci.

Jedna z nich je "pomalost" méfeni. Tou je myslena doba, za kterou je tieba
zméfit étyfi diagonélni a dvé horizontalni vzdélenosti u bézného pétibodo-
vého profilu. V obtiznych geotechnickych podminkach je nutno méfit vice
konvergencnich profill v jednom dni. Po celou dobu méfeni je vyrazné
omezena moznost dopravy v misté méreného profilu, protoze napfi¢ tune-
lem je v rGznych polohach natazené pasmo. To pfedstavuje velké omezeni
pro zhotovitele, pfi kierém dojde nezfidka aZ k zastaveni razby. Razebni
prace je nutno v kazdém pripadé zastavit pfi méfeni profild osazenych
v tésné blizkosti ¢elby.

Druhou vyznamnou nevyhodou je nedostupnost bodi. Pouze v pfipadé
méfeni dolni horizontaly je mozno vychazet z predpokladu, ze body jsou
dobfe pfistupné. Ve vsech ostatnich ptipadech se neobejdeme bez vysoko-
zdviiné plo$iny, resp. vysokého zebfiku. Obé popsané nevyhody se zhorsuji
se zvétSovanim plochy vyrubu, resp. s jejim rozdélenim na vice ¢asti, a tim
pribyvanim poctu konvergenénich bodi a méfenych délek mezi nimi.
Navic méfeni pdsmem vypovida pouze o relativnim pohybu dvojice bod
vici sobé. Vysledky nas informuji o tom, Ze se body vlivem deformaci vza-
jemné pribliZily a doslo ke zmen&eni profilu, ale nemame jiz moznost zjistit,
zda vysledny pohyb neni vysledkem geologické poruchy zasahujici pouze
jednu stranu tunelu. Tato informace muzZe byt zcela zasadni pro dal&i postup
stavby, zvlasté u velkoprofilovych tunelG. Abychom tuto informaci ziskali
v pfipadé méfeni konvergenci pasmem, je tfeba profil doplnit extenzomet-
ry, osazenymi v blizkosti konvergenc¢nich bodi horizontalné z tunelu ven.
Mérenim na extenzometrech dodavame k informacim o relativnich konver-
gencich informace o absolutnim pohybu primérniho osténi vi¢i masivu.
Vzhledem k nakladnosti extenzometrickych méteni byvaji extenzometry
osazeny pouze na exponovanych mistech s oéekdvanymi vétsimi deforma-
cemi (napf. v portélovych Usecich).

A v neposledni fadé je v dnesni dobé, kdy véemu vladne vypocetni techni-
ka a digitalni zpracovani dat, dal§im problémem i skuteénost, ze zméfené
vzdalenosti je nutné zapsat ruéné, a teprve po ruénim prepsani naméfenych
hodnot do digitalni podoby je moino tyto digitalné déle zpracovat.

Obr. 2 Odrazné folie v plastovém nosici
Fig. 2 Reflecting foils in a plastic holder

location of the measured profile is restricted significantly for the time of the
measurement since there is the tape extending across the tunnel at various
positions. This represents a substantial restriction for the contractor, which
frequently leads even to suspension of the excavation. By all accounts, the
excavation operations have to be suspended when profiles in the close vici-
nity of the face are being measured.

The other significant disadvantage is the inaccessibility of the points. Only
for the measurement of the bottom horizontal is it possible to assume that
the points are well accessible. In all other cases we cannot dispense with
a hoisting platform or a high ladder. Both above-mentioned disadvantages
become worse with the increasing cross section area of the excavation or
with its division into more sections, which means an increase in the number
of the convergence points and the measured lengths between them.

In addition, measurement with a tape identifies a mutual relative movement
of a pair of points. The results inform us that the points got closer to each
other as a result of deformations, and the cross section got reduced, but
there is no way for us how to learn whether the resulting displacement is not
a result of a geological weakness affecting one side of the tunnel only. This
information can be totally fundamental for further progress of the works,
mainly at large profile tunnels. To obtain this information in case of the con-
vergence measurement carried out with the tape, extensometers have to be
added into the profile, installed in a vicinity of the convergence points, hori-
zontally, outside from the tunnel. By extensometric measurement we add the
information on absolute movement of primary liner against the rock massif
to the information on relative displacements. Given the expensiveness of the
extensometric measurements, the extensometers are usually installed at
exposed locations only, where bigger deformations are expected (e.g. portal
sections).

At last but not least, nowadays when everything is controlled by computers
and digital data processing, another problem is the fact that the measured
distances have to be recorded manually, and it is possible to process them
digitally after a manual re-typing of the measured values into the digital
form only.

CONVERGENCE MEASUREMENT ON THE MRAZOVKA TUNNEL
- GEODESIC METHODS

For the reasons described in the previous paragraph, it was necessary to find
another way of determination of convergences, which would allow minimi-
sation of the time needed for the measurement and the restrictions on exca-
vation operations, together with a minimum loss of accuracy. Engineering
geodesy methods have started to play their role. Geodesic convergence
points do not differ significantly from the "conventional” ones. Reflective
prisms are fixed to the convergence bolts (nowadays, reflective foils in
a plastic holder are used instead of the prisms). The prisms have a Cardan
joint, which allows us to rotate them in all directions, with the centre of the
prism remaining unchanged. For a certain time, there were used bolts, which
allowed the convergence measurement by the both ways. A thread was at
the end of the bolt, suitable for connection of both a convergence tape and
an adapter for fixing the reflective prisms.

The position of the points or centres of the prisms is determined by means
of trigonometry, using an electronic total station, which measures horizontal
and vertical angles and distances between the station and the prisms. The

Obr. 3 Méfic¢ska skupina pii méreni
Fig. 3 Measurement group at the measurement
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MERENI KONVERGENCI NA TUNELU MRAZOVKA
- GEODETICKE METODY

Z dlvodl popsanych v pfedchozim odstavci bylo tfeba nalézt jiny zpisob
ur€eni konvergenci, a to takovy, aby byl minimalizovdn &as potiebny
k méfeni, a aby dochéazelo k co nejmensimu omezeni razebnich praci za
minimalni ztraty presnosti. Do hry vstoupily metody inzenyrské geodézie.
Geodetické konvergenéni body se nijak vyznamné nelii od téch "klasic-
kych". Na né se nasazuji odrazné hranoly (dnes se jiz pouzivaji misto hra-
nolli odrazné félie v plastovém nosici). Tyto hranoly maji kardanicky kloub,
ktery umoziuje otacet jimi véemi sméry, pfi zachovani polohy stiedu hra-
nolu. Po uréitou dobu se pouzivaly body, které umozniovaly méfeni konver-
genci obéma zpUsoby - na konci byl zavit, na ktery bylo mozno upevnit jak
konvergenéni pasmo, tak adaptér pro nasazeni odraznych hranof(.

Poloha bodd, resp. stfeddl hranoll, je uréena trigonometricky pomoci totél-
ni elektronické stanice, kterd méfi horizontélni a vertikdIni dhly a vzdale-
nosti mezi stanici a hranolem. B&znymi geodetickymi vypod&etnimi postupy
se urti 3D soufadnice konvergenénich bodl v kazdé etapé. Tyto soufadnice
jsou absolutni a je moino z nich vypoéitat vechny prostorové vztahy, které
je potfeba znat pro ureni svislych a vodorovnych slozek konvergenci.
Porovnanim soufadnic bodl v rliznych etapéach ziskdvame opét vysledné
deformace, které vyneseme do deformaénich grafd.

Mé&feni probiha pfes tzv. volna stanoviska. To jsou body, které nejsou nijak
stabilizované. Hranoly zUstavaji na bodech nasazené obvykle po dobu, kdy
jsou potiebné pro uréovani deformaci na konvergenénich bodech v dané
oblasti.

Pfes velmi nepfiznivé podminky, které v tunelu z hlediska geodetickych
méfeni panuji (napf. velké zmény teploty a vlhkosti vzduchu po dréze méfi-
ciho paprsku, velky obsah jemnych prachovych gastic ve vzduchu, ...) je
mozné pti dodrieni urditych pravidel poéitat s redlnou pfesnosti ve vyéce do
1 mm, v konvergenci {vzdalenosti dvou bodii v jedné etap&) do 0,6 mm
a v absolutni poloze bodu do 2 az 3 mm. K méfenf je potieba totalni stani-
ce vy§si tfidy pfesnosti s doplitky a odrazné hranoly.

VYHODY GEODETICKEHO MERENI KONVERGENCI

Dalo by se Fici, Ze oproti klasickému méfeni konvergenénim pasmem docha-
zi ke ztrdté na presnosti vysledkd. Toto neni na ukor celkové uZitnosti
vysledné informace a navic je to vyvazeno mnozstvim vyhod, které z této
metody vyplyvaiji.

Jako prvni uvedme rychlost méfeni. Vzhledem k tomu, Ze méfeni probiha
elektroopticky, postaCuje volny prihled mezi totalni stanici a odraznym hra-
nolem. Z jednoho stanoviska je moino zaméfit najednou konvergenéni
body az do uréité vzdalenosti (zhruba do 60 m). Mé&fit na vétsi vzdalenosti
jiz nema smysl, pro zvétSujici se chybu méfeni, kterou nelze vylougit a ktera
vznikd prachodem paprsku nehomogennim optickym prostfedim v tunelu.
ProtoZe se jednd o volna stanoviska, md méfi¢ vyhodu v moZnosti volby
mista méfeni. Mize tak zvolit stanovisté, kde v Zadném pfipadé neomezuje
dopravu v tunelu. RaZebni prace se nemusi zastavovat ani pfi méfenf profi-
10 osazenych v bezprostiedni blizkosti ¢elby. Cely postup méFeni umoziuje
podle potfeby i Casté opakovani méfeni pii pfipadnych vétsich objemech
deformaci - napf. v osmihodinovém intervalu, jako bylo nékolik etap na
tunelu Mrazovka.

Oproti klasickému zpGsobu méfeni je nutno zajistit fyzicky pfistup ke kon-
vergenénim bodim jen zfidka, zhruba jednou za jeden aZ dva mésice, kdy je
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3D co-ordinates of the convergence points are determined for each stage by
common geodesic calculation methods. The co-ordinates are absolute valu-
es, and all spatial relationships, which must be known for determination of
vertical and horizontal convergence components, can be derived from them.
By means of comparison of the co-ordinates of the points in various phases,
we again obtain resulting deformations and can plot them on deformation
graphs.

The measurement is carried out on so-called "free stations”, i.e. points,
which are not stabilised. The prisms remain installed on the points usually
for a time for which they are needed for identification of deformations on
convergence points within the given area.

Despite very unfavourable conditions existing in a tunnel in terms of geode-
sic measurements (e.g. substantial changes in temperature and air humidity
along the path of the measurement beam, great volume of fine dust partic-
les in the air, etc.), it is possible to count with a realistic accuracy of up to
Tmm on level, 0.5bmm on convergence (distance between two points in one
phase), and up to 2-3mm on the absolute position of a point. A total station
of a higher accuracy class with accessories and reflective prisms are neces-
sary for this measurement.

ADVANTAGES OF THE GEODESIC CONVERGENCE
MEASUREMENT

It could be stated that there is a loss of the results accuracy in comparison
to the conventional measurement with a convergence tape. This is not detri-
mental to the overall applicability of the resultant information. In addition, it
is compensated for by many advantages resulting from this method.

As the first one, let us bring up the measurement speed. Since the measure-
ment is carried out electro-optically, an unobstructed line of sight between
the total station and reflective prism suffices. It is possible to survey conver-
gence points up to a certain distance (about 60m) from one station in one lot.
Measuring up to greater distances is not reasonable because of the increa-
sing measurement error, which cannot be eliminated, and which originates
due to the beam passing through inhomogeneous optical environment in the
tunnel. Since this is a matter of free stations, the surveyor has the advanta-
ge of the possibility to choose the measurement station. Thus a station can
be chosen where the tunnel traffic will be by no means restricted by the mea-
surement. Excavation operations do not have to be suspended even at mea-
suring of profiles installed in an immediate proximity of the tunnel face. The
overall measurement procedure even allows frequent repetition of the mea-
surements, as needed in the cases of greater volumes of deformations, e.g.
at an 8-hour interval as experienced on the Mrazovka tunnel for several sta-
ges.

Compared with the conventional measurement, a physical access to the con-
vergence points needs to be ensured rarely only, roughly once every month
or two, when the reflective prisms must be cleaned up because of the
aggressive environment,

The entire process of the measurement and computation is digitised. The
measured values are saved in the total station on a medium in a digital form,
without surveyor's intervention. When the measuring has been completed,
all data are exported, digitally again, to a personal computer. They are eva-
luated by an appropriate software there, and deformation graphs are deve-
loped at the end. This speeds the whole process up significantly and, in addi-
tion, a relatively frequent "clerical error" is avoided.

Owing to the absolute way of the determination of 3D ordinates of the con-
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Obr. 4 Vystupy z arc-tech® - sedéni
Fig. 4 Arc-tech® outputs - subsidence

Obr. 5 Vystupy z arc-tech® - ptiéné pohyby
Fig. 5 Arc-tech® outputs - transverse movements
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tieba diky agresivnimu prostiedi odrazné hranoly ogistit.

Cely proces méfeni a vypoétu probiha digitalni cestou. Naméfené hodnoty
Jsou v totélni stanici ulozeny na médium v digitalni podobé bez zésahu
méfi¢e. Po ukonceni méfeni se veskera data pfenesou, opét digitalng, do
osobniho poditace, tam se vhodnym softwarem vyhodnoti a na zavér se
vytvofi deformaéni grafy. Tim je cely proces vyrazné urychlen a navic je
z néj vyloudena pomérné &asta chyba "z pfepsani".

Diky absolutnimu zplsobu uréeni 3D soufadnic konvergenénich bodd ziska-
vame na kazdém bodé automaticky jeho absolutni pohyb rozlozeny do sloz-
ky vertikdIni a horizontalni ve sméru kolmém na osu tunelu. Tim odpadé
nutnost zavadéni extenzometrickych méfeni. Z téchto pohybl je potom
mozné dale odvodit "klasické" konvergence. Navic jesté ziskdvame jako ved-
lej§i produkt i slozku pohybu ve sméru podélném, rovnobéZném s osténim
tunelu. Tato slozka miZe byt také velmi zajimavd, a to nejen z hlediska
deformace osténi. Je mozno ji vyuZit napfiklad pfi vyhodnocovani pouzité
technologie stfikaného betonu.

Dalsi, velice zajimavou, vyhodou je moZnost vyuziti konvergenénich bodu
pro geodetické prace, nutné k uréeni sméru razby tunelu, pro vytyéovaci
préace v tunelu a ke kontrole skuteéného stavu stiikaného betonu. Tyto prace
byly bézné provadény napf. z pevné stabilizovanych bodl v poévé tunelu,
kde vytvarely ne zcela bezvyznamnou piekazku.

DIGITALNI PRISTUP NA VYSLEDNE DEFORMACNI GRAFY

Nedilnou sou¢ésti procesu méfeni konvergenci je i zpracovani a zpfistupné-
ni vysledkl naméfenych deformaci. Na stavbé tunelu Mrézovka byl opét
vyuzit nejmodernéjsi zpusob digitdlniho zpracovéni a pEeddvani dat.
Naméfena data se vSemi pfislusnymi informacemi jsou pifevddéna do
koneéné grafické podoby pomoci némeckého softwaru arc-tech®. Jedna se
o program, ktery ze zadanych dat vytvaii deformaéni grafy do soubor( ve
formétu *.wmf. Je mozné vybrat si z pfeddefinovanych deformacénich graf(i
- deformace zndzornéné v zavislosti na éase nebo na vzdalenosti od &elby
{jsou k dispozici pro sedani, pfi¢né pohyby bodli i pro konvergence), pfiéné
i podéIné poklesové viny, vektorové grafy a tabulky. Jednotlivé soubory
jsou uloZeny ve slozitém systému adreséail. K jejich prohlizeni lze pouZit
jakykoli program pro prohlizeni grafickych soubor( *.wmf, jinak je souéasti
arc-tech® i vlastni prohlize¢ ATView, ktery umoZiiuje uZivateli orientovat se
v grafech po definovanych projektech a konvergenénich profilech. Soubory
grafd jsou po vytvoreni okamzité k dispozici na lokalni poéitaové siti kan-
celadfe monitoringu, vybudované pro udely stavby. Diky tomu si mohou
zastupci investora, dodavatell a projektanta "on line" prohlédnout jak nejak-
tuainéjsi stav deformaci, tak i deformace stariho data a na zakladé toho
rozhodovat o dal$im postupu stavebnich praci. Deformaéni grafy jsou k dis-
pozici obvykle do jedné hodiny po ukonéeni méfeni a ovéfeni jeho spoleh-
livosti.

S dez +dy’ +dz’
K,(X,y,2)

Obr. 6 Vystupy z arc-tech® - vektorovy graf
Fig. 6 Arc-tech® outputs - vector graph

vergence points, we obtain an information on the absolute movement of
each point, decomposed into vertical and horizontal components, at a plane
perpendicular to the tunnel centre line. Thus the necessity of introduction of
extensometric measurements ceases to exist. "Conventional" convergences
can be derived from those movements then. Moreover, we even obtain, as
a by-product, the movement component in the longitudinal direction, paral-
lel with the tunnel lining. This component can also be very interesting, not
only in terms of the liner's deformation. For example, it can be utilised in the
assessment of the applied technique of sprayed concrete.

Another very interesting advantage is the possibility to utilise the conver-
gence points for geodesic surveying necessary for determination of the tun-
nel heading direction, for setting out work in the tunnel, and checking on the
actual shape of shotcrete lining. These operations used to be performed e.g.
from points firmly stabilised in the tunnel invert, where they formed not
totally insignificant obstacles.

DIGITAL ACCESS TO THE RESULTANT DEFORMATION GRAPHS

An inseparable part of the process of the convergence measurement is also
processing of the measured deformation results and making them available.
On the Mrazovka tunnel construction, a state-of-the-art way of digital data
processing and communication has been used. The measured data with all
information required are converted into the final graphic form by means of
the arc-tech® German software. This is a software, which develops defor-
mation graphs from the downloaded data, in *.wmf file format. Pre-defined
deformation graphs can be used for the selection, i.e. graphs displaying the
deformation development with time or with the distance from tunnel face
(graphs showing settlement, transverse displacement or convergences are
available), transverse and longitudinal settlement troughs, as well as vector
graphs and spreadsheets. Individual files are downloaded in a complex sys-
tem of folders. Any programme for browsing through *.wmf graphic files
can be used, although arc-tech®'s own browser ATView is available, which
allows user's orientation in the graphs within defined projects and conver-
gence profiles. The sets of graphs are available immediately after their crea-
tion on the local computer net in the monitoring office, established for the
construction purpose. Thanks to this system, representatives of the client,
contractors and designer can utilise the on-line viewing of both the topical
state of deformations and previous deformations states, and, based on this,
decide on further proceeding of the construction work. The deformation
graphs are usually available within one hour after completion of the measu-
rement and verification of its reliability.

CONCLUSION

The advantages of the geodesic way of convergence measurement have
been verified in the course of the Mrazovka tunnel construction. The most
common convergence profiles have 9 points in the side-wall drifts, and 5
points after completion of the whole profile and removal of auxiliary sup-
porting walls (up to 9 points in bifurcation chambers). Owing to the difficult
geological conditions and complicated technological procedure, it is neces-
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Obr. 7 Princip méfeni konvergenci
Fig. 7 The principle of convergence measurement
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ZAVER

Pfi dosavadnim prabéhu vystavby tunelu Mrazovka se jiz provéfily zde
popsané vyhody geodetického zptsobu méfeni konvergenci. Nejobvyklejsi
konvergenéni profily maji v patnich Stolach 9 bodu, po dokonéeni celého
profilu a odstranéni pomocnych opérnych stén pak 5 bodl (v rozpletech aZ
9). Vzhledem k obtiznym geologickym podminkam a slozitému technologic-
kému postupu je nutno mafit nékolik konvergenénich profilli v jednom dni.
V priméru jsou denné vyhodnoceny deformace na 25 az 30 bodech, vyjim-
kou nebyva i vice jak 100 bod(i za den {12 - 20 profil), coZ znamenéd i s urée-
nim soufadnic volnych stanovisek zacileni zhruba 250 bodd. Pfi poutiti kla-
sickych metod by se jednalo pfi 20 profilech o 120 méfeni konvergenénim
pasmem a nivelaci, to vée v jednom dni. Jak jiz bylo zminéno, po urgitou
dobu probihala méfeni i v osmihodinovém intervalu. Ani tato intenzita
méfeni neklade zvyéené naroky na dodavatele stavby. V neposledni fadé
v mistech, kde vznikaji trhliny ve stfikaném betonu, je geodetickd metoda
3etrnéjsi k jiz tak znaéné namahané primarni obezdivce a umoziiuje monito-
rovani pohybt obezdivky v pfimém okoli trhliny.

Geotechnické zhodnoceni prabéh( a velikosti deformaci primarniho osténi
s vazbou na okolni horninové prostfedi, extenzometrickd méfeni a na defor-
mace na povrchu zaji$tuje ve spolupraci s nami a investorem firmou VIS, a. s.,
specializovana firma SG Geotechnika, a. s.
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sary to measure several convergence profiles in one day. Deformations on
25 - 30 points per day have been evaluated on average, 100 evaluated points
per day are not exceptional (12 - 20 profiles), which represents, together with
determination of co-ordinates of free stations, targeting about 250 points. At
the application of conventional methods, in case of measuring 20 profiles,
this would represent 120 measurements with the convergence tape and
levelling, all of that in one day. As mentioned above, the measurements
were carried out at 8-hour intervals too, for a certain time. This intensity of
measurement also puts no increased demands on contractors. At last but not
Jeast, the geodesic method is more considerate towards the generally heavi-
ly burdened primary liner, and allows monitoring of the lining movement in
a direct vicinity of a crack.

The geotechnical evaluation of development and magnitude of deformations
of the primary liner in connection with the surrounding rock environment,
extensometric measurements and surface deformations is carried out by the
specialist company SG Geotechnika, a.s., in collaboration with us and VIS
a.s., the client.
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STUDIE ZAKRYTEHO ZAREZU
NA DALNICI D1 V PREROVE

STUDY ON THE COVERED CcUT
ON THE D1 HIGHWAY IN PREROV

ING. JAROSLAV LACINA, AMBERG ENGINEERING BRNO, a. s.

uvoD

V soucasné dobé probiha projektova pfiprava nejvétsi dopravni stavby na
Uzemi Moravy - pokraGovani dalnice D1 s nadvaznosti na D47 z Brna do
Ostravy. PFi vedeni trasy jizné od Prerova prochazi dainice Gzemim CHOPAY
- chranénou oblasti podzemni akumulace vod s jimacim Gzemim Troubky.
Vysledné smérové vedeni trasy proto bylo navrieno s ohledem na ochranu
podzemnich vod. V tésné blizkosti Pferova trasa dalnice kfizuje ochranné
pasmo vzletového a pristavaciho prostoru vojenského zélozniho letisté
Pferov - Bochof. Podle zékona o civilnim letectvi ¢. 49/97 Sb. je v ochranném
pasmu povazovan prljezdny profil vefejnych komunikaci I. a Il. tfidy a dal-
nic za pevnou leteckou piekazku o vysce 4,8 m. JelikoZ prajezdny profil dal-
nice zasahoval do ochranného pasma pfi nadzemnim vedeni dalnice, fese-
ném ve stupni DUR, vznikla nutnost vypracovani variantniho Feeni vysko-
vého vedeni trasy v oblasti kiizeni s ochrannym pasmem. Generalni projek-
tant stavby 0136 Dopravoprojekt Brno, a. s., povéfil timto ukolem firmu
Amberg Engineering Brno, a. s.

GEOLOGICKE POMERY

Trasa pfedmétného dseku probihd rovinatym Gzemim Hornomoravského
Uvalu. Studovany Usek stavby se nachazi v priniku v Gdolnich niv Fek
Moravy a Be€vy asi 1 km od koryta feky Becvy. Povrch oblasti pokryvaji
holocenni sedimenty, zastoupené pis¢itymi hlinami az jilovitymi pisky, pfe-
chazejicimi misty na bazi az do povodiovych jilli s organickymi sedimenty.
Pod svrchni vrstvou jsou uloZeny fluvialni pisky a pisky se Stérkem pro-
ménlivé zrnitosti. Jedna se vétSinou o zahlinéné materialy s nizs$i propust-
nosti. Neogenni sedimenty maji zjitény mirné zvinény povrch se zfetelnym
vyvojem paleogennich koryt v misté vyskytu fluvidlnich sedimentl s vy§si
propustnosti. Jejich povrch byl zji$tén v hl. 8 az 12 m pod terénem. Svrchni
vrstvu neogénu tvofi jily s pfimési piséité slozky. Vysoce plastické miocénni
jily tf. F8 Ize odekavat asi 2 az 5 m pod povrchem neogénu.

Podzemni voda svrchniho horizontu se nachazi podle prizkumu v hl. 2,5 az
4,6 m pod terénem. Vyska hladiny podzemni vody a jeji kolisani budou
zavislé pfedevsim na &etnosti a intenzité atmosférickych srazek.

Hladina stoleté vody je v dané oblasti jednim z rozhodujicich faktord pro
navrh staveb - trasa zde prohiha v blizkosti smutné proslulych obci Troubky
a Bochot. Hladina byla v dané oblasti podrobné monitorovéna v pribéhu
povodné v Cervenci roku 1997. Na zakladé vyhodnoceni tehdejsiho stavu
a po zasazeni liniové prekazky v podobé télesa dalnice do vypoétového
modelu byl v rdmci prizkumnych praci vyvhodnocen predpokladany pribéh
hladiny stoleté vody v okoli stavby. Hladina Q100 se nachazi asi 0,2 - 1,4 m
nad rostlym terénem s nezatopenymi "ostrlvky" v misté terénnich vyvyse-
nin. Nejvy$si hladina vody nad terénem je predpoklddana v severni ¢ésti
Useku. JelikoZ terén velmi mirné klesd smérem k jihu, ¢ini vyskovy rozdil
mezi hladinou Q100 na za¢atku a na konci feSeného Useku asi 1,9 m.

LIMITUJIiCI PODMINKY NAVRHU

Limitujicimi faktory pro navrh feseni jsou:

- Spodni hrana ochranného pasma vzletového a pristdvaciho prostoru
vojenského zéalozniho leti§té Prerov - Bochof. V pocatku kfizeni je spodni
hrana ochranného pasma asi 4,65 m nad terénem. V konci tseku kiizeni je

INTRODUCTION

A designing preparation of the largest transport-related project in Moravia -
the D1 highway extension, with a connection to D47, from Brno to Ostrava -
is currently going on. By conduction of the route south of Pferov the high-
way crosses the area of PAAG - Protected area of accumulation of ground-
water with the receiving region of Troubky. The final direction of the route
conduction was thus proposed with regards to protection of groundwater. In
close vicinity of Pferov, the highway alignment crosses safety zone of the
take-off and approach area of the stanby military airfield Pferov-Bochof.
According to Act on civil aviation no. 49/97 Coll., a crossing profile of public
roads of and class 1 and 2 and highways are within the safety zone conside-
red as solid aviation obstacle with a height of 4,8m. Because the highway
crossing profile interfered into the safety zone by surface conduction of the
highway, solved at the level of the traffic management and territorial per-
mission proceedings, a need for elaboration of an alternative solution to sur-
face conduction of the highway, in area of crossing through the safety zone,
arose. General designer of the construction 0136 Dopravoprojekt Brno Inc.
assigned this task to the company Amberg Engineering Brno Inc.

GEOLOGICAL CONDITIONS

Route of the discussed section runs through flat region of the Upper-
Moravian valley. Studied section of the construction is to be found within
intersection of valley nives of the rivers Morava and Beéva app. 1 km away
from trench of the Becdva river. Surface of the land is covered by Holocene
sediments, represented by sandy soils to clayey sands, locally shifting on
base even to alluvial clays with organic sediments. Fluvial sands and sands
with gravel of variable grain are stored beneath the upper layer. These are
usually loamed materials with lower permeability. Neocene sediments are
known to have slightly segmented surface with explicit development of
Paleocene trenches in place of occurrence of fluvial sediments with higher
permeability. Their surface was ascertained in the depth of 8-12 m below ter-
rain. Upper layer of Neocene consists of clays with mixture of sandy com-
ponent. Highly plastic Miocene clays of F8 class can be expected app. 2-6 m
below surface of the Neocene.

Groundwater of the upper horizon can according to explorations be found in
the depth of 2,5-4,6 m below terrain. Level of groundwater and its fluctuati-
on will be dependent mostly on amount and intensity of rainfall.

Level of the hundred year's water in the given region is one of the decisive
factors for proposal of the constructions - here the route runs through vici-
nity of the infamous towns of Troubky and Bochof. The water level in the
given region was in detail monitored during floods in July 1997. Based on
evaluation of the condition by then and following deployment of line barrier
formed by highway into the calculation model, an estimated course of the
hundred years water's level in vicinity of the construction has been evalua-
ted within the frame of exploratory works. The level Q100 is to be found 0,2-
1,4 m above terrain with unflooded "islands" at the place of terrain elevations.
The highest water level above surface is estimated in northern part of the
section. Because the terrain very slightly descends in the southern direction,
the altitude difference between the Q100 level at the beginning and at the
end of the solved section reaches app. 1,9 m.
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spodni hrana asi 1,15 m nad terénem. Trasa dalnice je v misté kfizeni
s ochrannym pasmem ve vzdélenosti 700 - 800 m od podatku pfistavaci plo-
chy letisté. Délka kfizeni je 830 m. Letisté ma slouZit jako zaloZni vojenské
letisté sil NATO. Jeho soucasné vyuZiti je pro provoz vrtulnikd.

- V zadani studie bylo pozadovano zakryti prljezdného profilu dalnice
z diivodu tésné blizkosti leteckého provozu nadzvukovych letadel a v souvis-
losti s velkymi problémy s odvodnénim trasy délnice - jedna se o bezodto-
kové Gzemi s nutnosti sloZitého pfecerpavani zachycenych srazkovych vod.
- Pfedpokladand hiadina Q100. Na zacétku kiiZeni s ochrannym pasmem je
hladina Q100 0,25 m nad terénem, na konci kfizen{ 1,08 m nad terénem.

- Povrch vozovky délnice musi byt zajistén tak, aby v pfipadé néstupu hla-
diny stoleté vody byl uchranén pied zaplavenim.

Z uvedenych udaji vyplyva, Ze kritickym mistem, rozhodujicim o vyskovém
vedeni trasy, je koncovy profil kizeni s ochrannym pasmem, kde vyskovy
rozdil mezi hladinou Q100 a ochrannym pasmem letového prostoru je jen
asi 7 cm {!1). V poéatku kfizeni je vyskovy rozdil podstatné vy3si - asi 4,4 m.
Po celé délce kfizeni délnice s ochrannym pasmem v8ak nelze vést trasu
komunikace tak, aby niveleta vozovky byla nad hladinou Q100 a zarovefi
prijezdny profil neprotinal hranici ochranného pasma. Na zékladé shrnuti
limitujicich faktord bylo rozhodnuto o podpovrchové varianté vedeni délnice.

ZAKRYTY ZAREZ

Zadani studie podpovrchového vedeni trasy obsahovalo ve svém ndzvu
pojem tunelové varianta. V rovinatém Uzemi, kde vySkovy rozdil gini asi
1 m/1 km délky, se jedna o vedeni velmi netradi¢ni. Aby se niveleta déalnice
pfi zachovani pozadovanych parametri sklonovych pomér( dostala do
dostate¢né hloubky, dochéazi k pomérné znaénému prodlouZeni podpovr-
chového vedeni trasy. Pro tunel v malé hloubce v extravilanu je nejvhod-
néjsi provedeni v hloubené stavebni jamé. Podle definice hloubeného tune-
lu v CSN 73 7507/1999 je hloubeny tunel "...s dogasnym odstranénim nadlo-
i nad tunelem nebo budovany na povrchu, avdak pozdéji zasypany".
V posuzovaném Useku ov8em podatek zakrytého Useku spadal do dGrovné
nivelety asi 2 m pod terénem. Po souhrnu v8ech dostupnych podkladii
a zvéazeni estetického vlivu stavby na krajinu jsme zvolili v nagich pomérech
netradiéni feSeni zadaného problému.

Konstrukce zajistujici podpovrchové vedeni dalnice byla navrzena jako uza-
viena vodotésna zelezobetonova vana. Trvalé paZeni a zaroven boéni stény
konstrukce zafezu tvofi milanské stény zahloubené do nepropustného neo-
genniho podlozi. Dno stavebn( jamy tvofi Zelezobetonova deska. Deska dna
bude slouzit v provoznim stadiu jako rozpéra milanskych stén. Horni hrana
konstrukce prochdzi max. 0,2 m pod hranici ochranného pasma letového
prostoru a zarovefi min. 0,2 m nad hladinou Q100. Vyjimku tvofi pouze
poslednich 25 m vedeni trasy pod hranou ochranného pasma letového pro-
vozu, kde dochazi k pfiblizovéni obou limitujicich hranic.

Misto kiasického betonového stropu tunelu byla zvolena lehka obloukova
stfe$ni konstrukce. Uprostied stiedniho déliciho pasu je dalnice smérové
rozdélena délici sténou. Jako materidl nosnych prvki zastfeeni je z dlivo-
du odolnosti proti korozi navrien eloxovany hlinik. Stéedni krytina je navr-
Zena z komurkového polykarbonatu. Material stfe$ni krytiny je velmi lehky
(1,6 - 2 kg/m?), téZce hoflavy - stupefi C1, nesifi plamen, hofici neskapéava.
V nadzemni ¢asti nad hladinou Q100 budou boéni stény zakrytého zéfezu
prosvétleny okny.

Sitkové a vyskové uspoiadani komunikace v zakryté Casti je navrieno
s ohledem na navazujici profil dalnice kategorie D26,5 a rovnés s ohledem
na maximalni bezpe¢nost a plynulost provozu. Z téchto divod{ byla pone-
chéna $itka jizdnich pruht 3,75 m a stéedniho déliciho pasu 4,0 m. Smérové
je dalnice rozdélena stiedni délici Zelezobetonovou sténou. Celkova $itka
mezi zvy$enymi obrubami je 9,5 m, svétla $itka mezi Zelezobetonovymi sté-
nami je v jednom sméru 11,8 m. Svétla $itka mezi boénimi paZicimi sténa-
mi je 24,00 m, Vyska prajezdného profilu byla z ekonomickych divodd sni-
Zena na 4,50 m. Celkova délka zastieSené Casti je 1240 m.

Uvedené Sitkové a vySkové uspoiadani, stejné jako zastiedeni profilu dalni-
ce, nespada svym charakterem do CSN 73 6101 Projektovani silnic a dalnic,
CSN 73 6201 Projektovani mostnich objektd ani do €SN 73 7507
Projektovani tunelll pozemnich komunikaci. Pro navrieny profil by tedy
musela byt udélena vyjimka z CSN 73 6101. Pfi projednavani studie bylo
konstatovéno, ze z hlediska pozadavk( na technologické vybaveni a pozarni
bezpe&nost se jednd o konstrukci tunelu podobnou. PoZadavky na technolo-
gické vybaveni se tedy Fidi CSN 73 7507. Délkou a predpokladanou intenzi-
tou dopravy (v sougasné dobé méné nez 15 000 vozidel/den) se fadi zakryty
zafez do kategorie se stfednimi poZzadavky na bezpeénostni vybaveni, tj. do
kategorie tunelu TB.

RESTRICTIVE CONDITIONS OF THE PROPOSAL

Restrictive factors for proposal of the solution are
- lower edge of the safety zone of taking-off and landing area of the stanby
military airfield Pferov-Bochof. By beginning of the crossing profile, lower
edge of the safety zone reaches app. 4,65 m above terrain. At the end, lower
edge of the safety zone reaches app. 1,15 m above terrain. The highway
route in the location of crossing the safety zone goes 700 - 800 m away from
beginning of the airfield runway. 830 m is the length of crossing. The airfield
is to serve as a standby military airfield of NATO forces. It is currently used
for operation of helicopters;

- within the study's assignment it was requested to cover crossing profile of
the highway due to the adjacent flight operation of supersonic aircrafts and
considerable problems with water draining along the highway route - it is
a non-effluent area with a need for complicated pumping of intercepted
rainfall;

- the estimated Q100 (100-year recurrence flood) level reaches 0,25 m above
terrain by beginning of crossing the safety zone and 1,08 m at the end of
crossing the safety zone;

- the highway surface has to be secured so that it would be safe in case of
occurrence of the hundred year's flood.

It derives from the aforementioned facts that the ending profile of crossing
the safety zone is a critical spot, deciding about higher route conduction,
where the altitude difference between Q100 level and the flight safety zone
is only app. 7 cm (!). By beginning of the crossing profile, the altitude diffe-
rence is remarkably higher - 4,4 m. Along the entire length of highway, cros-
sing the safety zone, it is, however, not possible to conduct the alignment of
the road so that elevation of the carriageway would be above the Q100 level
while the crossing profile would not penetrate border of the safety zone.
Based on summary of the restrictive factors, it was ruled for underground
alternative of the highway conduction.

COVERED cUT

Assignment of study of the underground route conduction in its title inclu-
ded the concept of tunnel alternative. Within a flat region, where altitude dif-
ference makes app. 1 m per 1 km of length, is a very unconventional con-
duction. In order for elevation of the highway by keeping the required para-
meters of slope rates to reach a sufficient depth, a quite significant extensi-
on of the underground route conduction occurs. As for the tunnel in low
depth in extravilan, it is most suitable to be realized in an open cut.
According to definition of the cut-and-cover tunnel by CSN 73 7507/1999 the
cut-and-cover tunnel is..."with temporary removal of the overburden above
the tunnel or constructed on surface, but later again covered". Within the
discussed section, however, beginning of the covered section fell into the
elevation level of app. 2 m below terrain. After summary of all available
sources and consideration of aesthetic impact of the structure on countrysi-
de, we selected for our conditions a very unconventional solution of the
assigned task.

A framework, which secures underground conduction of the highway, was
designed as a closed waterproof reinforced concrete tub. Diaphragm walls
along the open cut, keyed into the impermeable Neogene bedrock, form
a permanent shoring as well as side walls. Bottom of the construction pit
consists of reinforced concrete slab. In the operation period, the slab will
serve as a strutting of the diaphragm walls. Upper edge of the structure goes
at most 0,2 m below the flight safety zone while at least 0,2 m above the
Q100 level. The only exception are the last app. 25 m of the route conducti-
on below edge of the flight safety zone, where approximation of both limi-
tation borders occurs.

Instead of classic concrete tunnel roof deck, a light curved roof structure was
selected. In the middle of the median strip, the highway is divided into direc-
tions by a dividing wall. Satin anodized aluminum is designed for material of
the suspension elements of the roof structure due to its resistance against
corrosion. Roof cover is designed from a cell polycarbonate . Material of the
roof cover is very light (1,5 - 2 kg per m?), extremely flammable - C1 level,
does not spread flames, does not dribble when on fire. Within surface secti-
on above the Q100 level, side walls of the covered road will be illuminated
by windows.

Horizontal and vertical arrangement of the road in the covered section has
been designed with regards to joining profile of the D26,5 highway type as
well as with regards to maximum safety and fluency of operation. From
these reasons, width of the traffic lanes of 3,756 m and width of the median
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RESENI HYDROGEOLOGICKYCH POZADAVKU

Utésnénim prostoru stavby dochazi k dplnému pfehrazeni propustnych vrs-
tev v Udolni nivé fek Moravy a Begvy v celé déice paZeni milanskymi sténa-
mi. Predbézny geofyzikalni priizkum prokazal, ze liniova konstrukce dalnice
témérf kolmo pretind tzv. paleogenni koryta - oblasti vyplnéné propustn8ji-
mi polohami méné zahlinénych $térkd, které jsou vyznamné z hlediska prou-
déni podzemnich vod. Navriené feSeni pfedpoklada, Ze po upfesnéni poétu
a rozsahu preduréenych koridor( pro proudéni podzemnich vod v misté kii-
Zeni s mildnskymi sténami budou ve vytypovanych Usecich vytvofeny pri-
chody pro pfirozené proudéni vod pod konstrukci dna stavebni jamy.
Prichody by byly vytvofeny vynechanim spodni ¢asti milanskych stén pod
konstrukci dna vozovky v zafezu. Byly by lemovany pfiénymi sténami a vypl-
nény propustnym S§térkovitym materidlem. MnoZstvi a Sitku uvedenych pri-
chodl by uréil odbornik na hydrogeologii na zékladé upfesfiujiciho hydro-
geologického prizkumu v daldim stupni projektu.

VYHODY NAVRZENE KONSTRUKCE

Oproti klasické zelezobetonové konstrukei jsou investiéni naklady na vystav-
bu lehké stiedni konstrukce nizsi. Konstrukce zastie$eni je v navrzeném pro-
vedeni téméf bezldrzbova {kromé pravidelného Citéni - stejné jako u béz-

naskyta v technologickém vybaveni a nasledné v provoznich nékiadech.

Vétrani

V ose délnice je ve stieSe navriena prabézna vétraci $térbina vysky asi 1,20 m.
Stérbina je pozarné rozdélena na dvé poloviny stfedni Zelezobetonavou
sténou. Tunel bude za béznych provoznich stavii odvétravan pfirozenou ces-
tou a to:

- vyjezdovymi portaly pistovym efektem jedoucich vozidel;

- stfe$nimi otvory v celé délce tunelu (také s uplatnénim pistového efektu).
MozZnost pfirozeného vétrani stfe§nimi otvory pfinese vyraznou dsporu ve
spotfebé el. energie. Da se predpokladat, ze nucené vétrani bude v ¢innosti
pouze v pfipadé vyrazné nepfiznivych klimatickych podminek s inverznim
charakterem nebo v pfipadé pozaru v tunelu.

Osvétleni

Strecha z prlsvitného materialu s sebou ponese specifika pfi feSeni jednot-

livych druh( osvétleni:

- v denni dobé vyrazna tspora osvétleni (v této dobé pravdépodobné nebude
treba zadného osvétleni, pfipadné bude mit charakter pouze orientaéni);

strip of 4 m have been kept. By directions is the highway divided by a cent-
ral reinforced concrete dividing wall. The total width between elevated curbs
reaches 9,5 m, net width between the RC walls in one direction is 11,8 m. Net
width between the side walls reaches 24 m. Height of the cross profile was
due to economic reasons lowered to 4,5 m. Total length of the covered sec-
tion makes 1240 m

Aforementioned horizontal and vertical arrangement as well as roof structu-
re of the highway profile by their character do not fall under the CSN 73 6101
standard on Design of roads and highways, the CSN 73 6201 on Design of
bridge structures, nor under the CSN 73 7507 on Design of road tunnels.
Therefore, an exception from the CSN 73 6101 standard had to be granted
for the proposed profile. During negotiations about the study it was stated
that from the viewpoint of requirements on technological equipment and fire
safety, it is a construction similar to a tunnel. Requirements on the techno-
logical equipment therefore follow CSN 73 7507. With its length and estima-
ted traffic volume (currently less than 15 000 vehicles per day), the covered
road falls under category with medium requirements on safety equipment,
i.e. the TB tunnel category.

SOLUTION OF HYDROGEOLOGICAL REQUIREMENTS

By sealing of the construction site, a total barrage of permeable layers wit-
hin flood planes of the rivers Morava and Becva takes place along the entire
length of the diaphragm walls. Preliminary exploration showed that the line
structure of the highway almost perpendicularly crosses so-called Paleocene
grooves - areas filled with more permeable locations of less loamed gravels,
which are significant especially from the viewpoint of groundwater flows.
The proposed solution estimates that after specification of number and
extent of the predestined corridors for groundwater flows in locations of
their crossings with diaphragm walls, passages for natural groundwater
flows will be created below bottom structure of the construction ditch in
designated sections. Passages would be created by omission of lower part
of the diaphragm walls below the carriageway structure within the cut. They
would be margined with lateral walls and filled with permeable gravel-like
material. The amount and width of the passages would be determined by
a specialist in hydrogeology, based on further hydrogeological exploration
within next step of the project.

ADVANTAGES OF THE PROPOSED SOLUTION

Contrary to conventional reinforced concrete structure, the investment costs
for construction of light roof structure are lower. The roof structure requires

Zidky - 155 m Délka zakrytého zarfezu - 1 450 m Zidky - 155 m
Retainig walls - 155 m Lenght of covered road section - 1 450 m Retainig walls - 155 m
>
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T g Ochranné pasmo vzletového a pristavaciho prostoru LB
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Délka podzemnich stén 1 240 m

Lenght of diapharagm walls 1 240 m

Staniceni 80,0 80,5
Chainage
Miocénni jily Fluvilni Stérky Fluvidni pisky se $térkem

Miocene clays Fluvial gravels Fluvial sands with gravels

Obr. 1 Podélny profil trasou dalnice D1, stavba 0136, varianta zakryt zafez
Fig. 1 DI motorway, 0136 lot, covered road variant - longitudinal section

Hliny jilovité az jily naplavové Fluvialni hliny
Clayey loams alluvial clays Fluvial loams

Svrchni hliny
Surface loams
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Hlinikova konstrukce + zastfeSeni

Aluminium roof structure + light cover

Terén Zemni lanové kotvy dl. 20 m+3 m
Terrain 206,40 Cable ground anchors L 20 m+3m

24 000
Podzemni
milanské stény
Diaphragm walls

¥ 19190

Obr. 2 Vzorovy fez zakrytym zafezem - v km 81,180
Fig. 2 Cross section through covered cut km 81.180

- v notni dobé bude mit osvétleni opét pfedevsim orientacni charakter;

- navrhy véech druhi osvétleni musi respektovat fakt, Ze strop tunelu je
prlsvitny a trasa tunelu kfizuje letovy prostor letisté a svitidla tedy musi
byt umisténa a navriena tak, aby nerusila letovy provoz, pfipadné
nepUsobila nebezpeéné a matoucim zplsobem na piloty.

Viyraznou roli pfi navrhu osvétleni tunelu bude hrat fakt, Ze tunel ma navr-

zenu stiechu z prasvitného materialu. Pro umisténi svitidel jsou nejvhod-

néjsi horni rohy tunelu, v nichz by osvétleni mélo tvofit linii.

ZAVER

Rozhodnuti ministra obrany o udéleni vyjimky ze zakona ¢&. 49/97 Sh. zna-
menalo navrat k povrchovému vedeni trasy, coz? je jisté ekonomictéjsi vari-
anta feSeni daného problému.

Tato studie vSak také ukazala, e investicni i provozni naklady na “tunel
zakryty pouze lehkou stfesni konstrukci mohou pFinaset nezanedbatelné
uspory tam, kde nutnost uzavfeného vedeni komunikace je zfejma. Tyka se
to zejména obchvatl a rychlostnich komunikaci v méstskych aglomeracich,
kde zminéna lehka stie$ni konstrukce vyznamnym zpUsobem snizuje vliv
hluku na okolni zastavbu a zéroven fesi problémy s odvodnénim komunika-
ce. Déle bylo prokazano, Ze polykarbonat jako stavebni materidl spliuje
pozadavky na pozarni bezpecénost pfi pouziti v liniovych stavbach. Zaroven
se véak jednd o materidl s velkou tvarovou pfizplsobivosti a pfijemnym
architektonickym efektem, ktery pfinasi Zadouci vylehéeni rozsahlych linio-
vych staveb. V kombinaci s boénim prosklenim napft. u galerii ¢i protihluko-
vych staveb se pak jedna o velmi vzdusné a lehké konstrukce.

Pracovni shromazdéni a odborny seminaf élen CTuK ITA/AITES v Brné
15. 11. 2001 (viz. str. 55)

Working session and a professional seminar of CTuC ITA/AITES
members hold in Brno, Nov 15, 2001 (see page 55)

Hlinikova konstrukce + zastfeSeni
Aluminium roof structure + light cover

Terén
Terrain 206,40

k| Niveleta vozovky
1| 203,88
] Elevetation
of the
\' carriageway

%

Obr. 3 Vzorovy Fez zakrytym zafezem - portél Rikovice
Fig. 3 Cross section through covered cut - Rikovice portél

in the proposed design almost no maintenance (with the exception of regu-
lar cleaning - such as by common tunnels). Significant savings in compari-
son with the conventional tunnel, however, lie in the technological equip-
ment and consequently within operational costs.

Ventilation

A running ventilation slot app. 1,2 m high is designed along highway axis in
the roof, The canal is due to fire divided into halves by a central reinforced
concrete wall. Under common operation conditions, the tunnel will be venti-
lated naturally, i.e. :

- through exit portals, by a piston effect of the running vehicles;

- through roof outlets along the entire tunnel length (also using the piston effect).
The possibility of natural ventilation through roof outlets will bring signifi-
cant savings in consumption of electrical power. It is estimated that forced
ventilation will be turned on only in case of highly unfavorable climatic con-
ditions with an inversion character or in case of fire in the tunnel.

lllumination

The roof from transparent material will bring certain specifics in solutions of

individual kinds of illumination :

- significant illumination savings in the daytime (in this time there will
probably be no need for any illumination at all, or it will have an orientation
character only);

- in the night the illumination will again have mostly an orientation character only;

- proposals of all kinds of illuminations have to respect the fact that the
tunnel roof is transparent and that the tunnel route crosses an airfield flight
zone and therefore the lights have to be designed and placed in a manner
not disturbing the flight operation nor having any dangerous or confusing
effect on the pilots.

The fact that the tunnel roof is designed from a transparent material will play

a major role in the proposal of the tunnel illumination. Upper corners are the

most suitable location for the lights, where they would form a line.

CONCLUSION

Decision of the Defense Minister to grant an exception from the Law no.
49/97 Coll. meant a return to surface conduction of the route, which is certa-
inly more economical alternative of solution of the given problem.
However, this study has also shown, that investment as well as operational
costs of a "tunnel”, covered with only a light-weight roof structure, can bring
considerable savings where the need for a covered road is obvious. That
especially concerns bypasses and high-speed roads within urban agglome-
rations, where the aforementioned light-weight roof structure significantly
reduces impacts of noise on the adjacent structures while at the same time
solves the problems of draining the road. It was further proved that polycar-
bonate as a construction material fulfills requirements on fire safety when
used within line structures. At the same time, it is a material with large sha-
ping adaptability and favorable architectural effect, when it brings desired
relief to large linear structures. In combination with lateral glazing, such as
that of galleries or noise suppression structures, the structures assume very
air-light and light-weight character.
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ZE SVETA PODZEMNICH STAVEB

WORLD OF UNDERGROUND CONSTRUCTION

PRUCHOD VALEM PRASNEHO MOSTU

Udaje o stavbé a zékladni technické parametry

Investor: Nadace Vize 97, Prazsky hrad, 110 00 Praha 1
Zastupce investora: Sprava Prazského hradu
Architektonické feSeni: AP atelier, ing. arch. Josef Pleskot
Projekt: Kfistek, Tréka a spol., s. r.o., statickd kancelaf
Zhotovitel: Metrostav, a. s., divize 5

Zahéjeni praci: duben 2001

Dokonéeni: kvéten 2002

Délka tunelu: 84 m (véetné prechodovych Gsek)
Rozméry definitivni cihelné obezdivky: vyska: 5100 mm, $ifka: 3160 mm
Svétly prlifez hotového dila: 21 m?

Z HISTORIE PRASNEHO MOSTU

Na konci $edesatych let 18. stoleti bylo rozhodnuto o zrudeni dosavadniho
zastieSeného Pra§ného mostu, tvofeného dfevénou konstrukci na zdénych
pilifich se zvedacim dilem pfed severni hradni branou. Sypana hraz méla
umoznit volny pohled na Spanélsky sél, Rudolfovu galerii a novou severni
branu. Této prace se ujal v roce 1769 Antonin Haffenecker a hraz dokonéil
po dvou letech. Vytvofena hraz piikop definitivné rozdélila na Horni Jeleni
pfikop (HJP) a Dolni Jeleni pfikop (DJP). Roku 1791 byla hraz valu osazena
kastany, které byly pozdéji nahrazeny topoly. Zakladna valu se postupné
roz§ifovala navazenim rumu az do roku 1829, nebot vozovka sedala kaido-
roéné aZ do tficatych let 19. stoleti. V roce 1817 byly ztizeny po obou stra-
néch vozovky ploty a chodniky (Podle zdroje: Vyvoj Uzemi Jeleniho pfikopu
a Pragného mostu).

ZDUVODNENI STAVBY

Propojeni Horniho a Dolniho Jeleniho pfikopu neni motivovéno ideou
navraceni plvodniho stavu. To by bylo pravdépodobné moziné dosahnout
pouze odvezenim celého mohutného naspu a postavenim nového mostu.
Cely projekt byl veden lapidarni snahou po obnoveni jednoduché podstaty
spojeni tak, aby mohl volnéji proudit vzduch, svobodné protékat voda a bez
obtizi prochazet ¢lovék (Citace: ing. arch. Josef Pleskot).

Obr. 1 Pohled na kalotu, Terezianskou §tolu a polohové zajisténou
kanalizaci v DJP

Fig. 1 View of the Theresian gallery and the positionally fixed sewer
in the LDM

PASSAGE THROUGH THE GUNPOWDER
BRIDGE EMBANKMENT

Construction data and basic technical parameters

Owner: Vize 97 foundation, Prague Castle, 11000 Prague 1
Owner's representative: Administration of the Prague Castle
Architectural solution: AP atelier, Ing. Arch. Josef Pleskot
Design: Kfistek, Trcka a spol., s. r. 0., static office
Contractor: Metrostav a. s., Division 5

Commencement of works: April 2001

Completion: May 2002

Tunnel length: 84 m (including transition sections)
Dimensions of the final brick lining: height : 5100 mm, width : 3160 mm
Net cross section of the final structure: 21 m?

FROM HISTORY OF THE GUNPOWDER BRIDGE

At the end of the 60s of the 18th century it was decided to cancel the exis-
ting covered Gunpowder Bridge, consisting of a wooden structure resting on
masonry pillars, with a lifting section, found in front of the northern castle
gate. An embankment was designed to allow a free view of the Spanish
Chamber, Rudolph's Gallery as well as the new northern gate. Antonin
Haffenecker took over this commission in 1769 and finished it two years
later. The embankment ultimately divided the moat into the Upper Deer
Moat (UDM) and Lower Deer Moat (LDM). In the year 1791, the embankment
was planted with chestnuts, which were later replaced by poplars. The base
of the embankment had been widening gradually as a result of dumping
rubble until 1829, because the road surface had been settling until the 30s of
the 19th century. Fences and sidewalks were installed along both sides of the
road in 1817. (According to the source: Development of area of the Deer
Moat and Gunpowder Bridge)

THE PURPOSE OF THE CONSTRUCTION

The connection of the Upper and Lower Deer Moat has not been motivated
by an idea of returning to the original state. That could probably be achieved
by disposal of the entire bulky embankment and construction of a new brid-
ge only. The entire project was led by a lapidary effort for renovation of the
simple nature of the connection so that air and water would flow more free-
ly and people pass without complications (quotation : Ing. Arch. Josef
Pleskot).

CONSTRUCTION PROCEDURE

Before commencement of the excavation proper, an existing functional
sewer DN 400 was relocated and a non-functional sewer DN 200 cancelled in
the LDM. This relocation was performed in connection with the excavation
of the construction pit and subsequent stabilization of the slopes and the
overburden before the adit excavation. The stability of the 2:1 steep slopes
was provided by sprayed concrete 200 mm thick with reinforcing KARI mesh
and anchoring dowels. Vertical walls were supported by micropiles and
walers with strand anchors. In order to secure the crown within the starting
section of the excavation, a micropile umbrella in the length of 12 m was
used.

The excavation was realized within the full face of the top heading, with Tm-
long advances, uphill from the LDM portal. Disintegration proceeded manu-
ally without blasting operations. Stability of the excavation crown was secu-
red by spiling and partially even by UNION steel lagging. Photo-documenta-
tion of geology of the excavation face was elaborated during the work.
Composition of the excavated soil as well as entire documentation of the
excavation faces and walls was used by archeologists within the frame of an
archeological research.

After excavation of the top heading, the removal of the core started.
Disassembling of the existing Theresian gallery (the empress Maria Theresa)
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Tunel

POSTUP VYSTAVBY

Pfed zahajenim vlastni razby musela byt prelozena v DJP stavajici funkéni
kanalizaéni stoka DN 400 a zrusena nefunkéni kanalizace DN 200. Tato pfe-
lozka probihala v souvislosti s hloubenim stavebni jdAmy a naslednym zajis-
tovanim svahd a nadloZi pro razbu §toly. Stabilita svahd se strmym sklonem
2:1 byla zabezpetena sttikanym betonem tl. 200 mm s vyztuZnou KARI siti
a kotevnimi trny. Svislé stény byly zajistény mikropilotami a pfevazkami
s pramencovymi kotvami. Pro zaji§téni klenby vyrubu tvodni ¢asti razby byl
pouzit mikropilotovy destnik v délce 12 m.

Razba byla provadéna na plny profil kaloty po zabérech 1 m dovrchné od
portalu v DJP. Rozpojovani probihalo ruéné bez trhaci prace. Stabilita klen-
by vyrubu byla zabezpeéovana jehlovanim a zéasti i zatahovanim paznic
UNION. Béhem razby byla provadéna fotodokumentace geologie Gelby.
Skladba odtézeného vykopku i veskera dokumentace celeb a boklG vyrubu
byla vyuzivana archeology v ramci archeologického prizkumu.

Po vyrazeni horni kaloty se pristoupilo k odebrani jadra. Soudésti praci byla
demontaz stavajici Terezianské Stoly s potokem Brusnice. Plivodné se pred-
pokladala relativni snadnost demontaze obezdivky $toly, ale pfi rozebirani
$toly se ukazalo, Ze konstrukei nepdjde rozpojit ru¢né ani dostupnou malou
mechanizaci. Dodate¢né muselo byt proto projednano poutiti trhacich
praci.

Po vyrazeni celého profilu tunelu se provedla rozrazka pruzkumné stoly
k plvodnimu pilifi mostu. V dobé psani této informace se rozhoduje, zda se
odhaleny pilif zrestauruje a upravi tak, aby ho bylo mozno prohlédnout pfi
prochdzeni tunelem, nebo zda se po dikladném prozkoumani opét zasype.
Definitivni osténi bude provedeno z keramickych cihel metrického rozméru.
Zvlastnosti bude, ze cihly budou kladeny na vysku. Budou vytvéret plastic-
kou plochu, jakoby kiru stromu. Cihelna obezdivka bude osvétlena vsaze-
nymi reflektory, které umocni strukturovanost plochy. Potok Brusnice bude
sveden do betonovych Zlab(, vedle kterych bude vydlazdén chodnik z aty-
pickych betonovych dilct. Oba portaly tunelu v DJP i HJP budou opatfeny
betonovymi portadlovymi architektonicky ztvarnénymi kfidly. Povrch betono-
vych ploch portalovych &asti je navrien s povrchovou Gpravou s pomoci
pemrlovani. V HJP bude postavena nova cesta pro chodce, ktera spolu
s vlastnim tunelem umozni neruseny prichod z Klarova Jelenim piikopem
az na Pohofelec.

ARCHEOLOGICKY PRUZKUM

Zvlasté v této lokalité a na tomto objektu se projevil zajem archeologu.
Archeologicky prizkum provadi Archeologicky ustav AV CR Praha.
Vyhloubeny a vytéZeny material byl peélivé zkouman na mezideponii v DJP.
Bylo nalezeno mnoho zajimavych pfedmétli, keramické, sklenéné stiepy,
kosti, dfevéné odvodnovaci Zlaby. VyuZila se moznost provést prizkumnou
$tolu k plGvodnim pilifim mostu. Pilife byly nalezeny a odhaleny. Podle
vyjadreni archeologl se potvrdila domnénka, ze plvodni pilife byly omit-
nuty. V soudasné dobé se archeologické nélezy zpracovavaji a vyhodnocuji.

Obr. 2 Primarni osténi tunelu ve valu Pragného mostu
Fig. 2 Primary lining of the tunnel in the Powder Bridge embankment

containing the Brusnice brook was part of the works. Originally, a relative
simplicity of disassembling of the adit lining was anticipated, however,
during the work it turned out that the structure could not be disjointed either
manually or using the small equipment available. Therefore a use of explo-
sives had to be discussed additionally.

Following the excavation of the entire tunnel profile, an exploratory adit to
the original bridge pillar was carried out successfully, from an intermediate
point of attack. At the time of writing this information, it is being negotiated
whether the revealed pillar is to be restored and treated so that it could be
viewed during the tunnel passage, or whether it is to be backfilled after
a careful examination. Final tunnel lining will be realized from ceramic bricks
of metric dimensions. There will be a curiosity thanks to the bricks being ver-
tically. They will form a plastic area resembling a tree bark. The brick lining
will be illuminated with floodlights, which will enhance the view of the tex-
ture of the surface. The Brusnice brook will be led in a concrete channel.
A sidewalk along the channel will be paved in atypical concrete segments.
Both the UDM and LDM portals will be equipped with architecturally desig-
ned concrete wing walls. A bush-hammered finishing of concrete surfaces of
the portal sections has been designed. A new path for pedestrians will be
developed in the UDM. It will, along with the tunnel itself, allow an undis-
turbed passage from Klarov, along the Deer Moat, all the way to Pohofelec.

ARCHEOLOGICAL EXPLORATION

Especially within this locality and this particular object, an interest of arche-
ologists existed. The archeological exploration has been carried out by the
Archeological Institute of the Academy of Sciences CR Prague. The excava-
ted material was carefully examined at a temporary stockpile in the LDM.
Many interesting items have been found - ceramic and glass splinters,
bones, and wooden drainage channels. The opportunity to realize an explo-
ratory adit to the original bridge pillars was taken advantage of. The pillars
were found and exposed. According to the statement of the archeologists,
a speculation that the original pillars were provided with rendering was con-
firmed. Currently the archeological findings are being categorized and eva-
luated.

Josef Jansky

Metrostav, a. s., Division 5

Obr. 3 Detail polohy Terezianské $toly v prifezu tunelu
Fig. 3 Detail of the position of the Theresian gallery within the tunnel
cross section
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TECHNICKE ZAJIMAVOSTI

TECHNICAL MATTERS OF INTEREST

PROJEKT:
ANALYZA A RIZENI RIZIK V TUNELECH
POZEMNICH KOMUNIKACI

v Ceské republice se v poslednich letech postavilo a technicky vybavilo pét
silniénich tunell a dalsi tunely jsou pfipravovany. Piestofe jsou tunely
vybavovany podle nejnovéjsich evropskych poznatku, ukazaly katastrofy
v alpskych tunelech, ze je nutné vénovat mimofadnou pozornost bezpeé-
nostni politice. Na druhé strané se po téchto udalostech zadaly projevovat
snahy o nasazovani techniky, kterd neni nutna a velmi zdraZuje celou inves-
tici.

ClL RESENI

Ministerstvo dopravy a spojl vypsalo v roce 2000 vybérové fizeni na projekt
¢. 803/110/105 "Analyza a Fizeni rizik v tunelech pozemnich komunikaci".
Projekt je pldnovan na tfi roky a jeho hlavnim cilem je analyza domécich
a zahraniénich zku$enosti a nasledné zpracovani technickych podminek,
které budou zavazné pro ocefiovani rizik v silniénich tunelech.

RESITELSKY KOLEKTIV

Vitézem vybérového fizeni bylo konsorcium vedené spole¢nosti Eltodo EG, a. s.
Jako hlavni fesitel je doc. ing. Pavel Piibyl, CSc. Cleny konsorcia jsou dale
Metroprojekt, Metrostav, Silni¢ni spoletnost a TSK. Véechny organizace
jsou zaroven Eleny Sdruzeni pro dopravni telematiku Ceské republiky.

PRISTUP K RESENI

Projekt je rozdélen na roéni Udobi. Zatind rokem 2001 a kon&i 2003.
Resitelsky kolektiv se pravidelné schézi a na nékterych schizkach jsou
i zastupci Ministerstva dopravy a spoj0. Kazdy rok je ukonéen zavéreénou
zpravou, ktera je oponovéana nezavislymi oponenty. Hlavni Gkoly Ize shr-
nout:

PROJECT:
RISK ASSESSMENT AND RISK
MANAGEMENT IN ROAD TUNNELS

In the Czech Republic, five new road tunnels have been constructed and fully
equipped with technical facilities over the past few years, and new tunnel
constructions are presently in the planning phase. Despite the fact that tun-
nels are being routinely equipped in compliance with the latest European
knowledge, the catastrophes that occurred in the Alpine tunnels proved that
it is necessary to pay extraordinary attention to safety policies.
Subsequently to these accidents, great effort has been devoted to installati-
on of additional equipment, which is often not necessary and which signifi-
cantly raises the investment costs.

SCOPE OF THE SOLUTION

In 2000, the Ministry of Transport and Communications called a tender for
the project No. 803/110/105 "Risk assessment and risk management in road
tunnels". The project has been scheduled for three years and the principal
goal is to analyze local and international experience and develop specificati-
ons that willl become binding criteria for risk assessment in road tunnels.

DEVELOPMENT TEAM

The winner of the tender was the consortium led by Eltodo EG, a.s. The project
manager and chief developer is ing. Pavel Pfibyl, CSc. The other members
of the consortium are Metroprojekt, Metrostav, Silniéni spoleénost and TSK.
All these organizations are members of the Czech Traffic Telematics
Association.

PROJECT ORGANIZATION

The project is divided into yearly phases. The scheduled start is in 2001 and
completion in 2003. The development team meets regularly, and some mee-
tings are attended by representatives of the Ministry of Transport and
Communications. The completion of each phase is compiled into an annual
final report, which is submitted to independent opponents for their com-
ments. The key tasks can be summarized as follows:

ROK 2001 YEAR 2001
Ceska Analyza soutasnych a pfipravovanych zakont tykajicich Czech Analysis of regulations in force and new regulations
legislativa se krizového managementu. Opatfeni a nafizeni na legislation being prepared pertinent to crisis management. By-laws
T200.1 urovni kraj a mést. Principy jednotného bezpeénostniho T200.1 and regulations on the levels of regions and towns.
systému. Principles of a consolidated safety system.
Vysledky Poskytnou informace o souéasném stavu problematiky Results of They will provide information on the actual state of
zahraniénich | oboru. Jedna se o projekty EU (ASTRA ...), vysledky projects in the industry problem being resolved. The discussed
projektid ¢innosti PIARC/C5 a vyzkumnych skupin v rémci other countries | topics relate to EU projects (ASTRA, ... }, results of
T200.3 ITA/AITES. T200.3 activities initiated by PIARC/C5 and research teams who
develop their activities within the framework of ITA/AITES.
Vyhodnoceni | Bude navriena metodika a provedena pasportizace péti
stavu v €R silniénich tuneld z hlediska bezpe&nosti. Budou Assessment of | A safety assessment methodology shall be proposed and
T200.4 zpracovany véechny dopravn( excesy a dal§i mimofadné the situation | the assessment will be carried out in five road tunnels.
udélosti. Sou¢asti je i vyhodnoceni préce s informacemi in the Czech A process for locating and resolving traffic incidents and
v téchto tunelech. Republic other extraordinary traffic events shall be defined. Also
T200.4 included is an evaluation of how information is processed
and used in the respective tunnels.
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ROK 2002 YEAR 2002
Zahraniéni Vyhodnoceni legislativy v zahranici, standardy vybaveni Foreign Assessment of the legislation in other countries, standards
legislativa technologie a bezpecnostni standardy. legislation for technological equipment and safety standards.
T200.2 T200.2
Stavajici Nalezeni vhodné metodiky pro vyhodnocovani rizik, Existing Determination of a suitable methodology for risk assess-
metodika pfipadné analyza dostupného programového vybaveni. methodology |ments; if applicable, an analysis of the existing system
T300.1 Vyzkum vhodnosti vyuziti, nalezeni optimalnich metodiky. T300.1 software will be carried out. Research on the convenience
of use and introduction of an optimal procedure.
Vytvoieni Vyzkum spociva ve vytvoreni spolehlivé metodiky na
metodiky, objektivizaci vyhodnoceni rizik zalozené na ocenéni rizik, Introduction of |The research is based on the creation of a reliable
zpracovani pravdépodobnosti jejich vyskytu a dalSich parametrech. the methodology,| methodology for objectification of risk assessment
programu Programové vybaveni umozni vyhodnocovat rizika i béznym program set-up |resulting from risk appraisal, probability of risk occurrence
T300.2 provozovatelim nebo projektantam. T7300.2 and other parameters. The software will enable even
common operators or designers to carry out the risk
assessment.
ROK 2003 YEAR 2003
Verifikace Navrzena metodika a programové vybaveni budou ovéreny Verification of |The designed methodology and software shall be verified
vysledka nejméné na dvou nasich silniénich tunelech. Navriena the findings in practice by applying to two local road tunnels at the
vyzkumu metodika bude pro vybrané tunely zékladem pro trvalé T300.3 least. The applied methodology design shall form the
T300.3 vyhodnocovani. basis for continuous assessments in the selected tunnels.
Technické Zpracovani technickych podminek s pracovnim nazvem Technical Development of technical conditions under the working
podminky "Analyza a fizenf rizik tunelG pozemnich komunikaci". conditions title "Risk assessment and risk management in road tunnels.”
T400.1 T400.1
Vytvoieni zdsad| M4 za cil pfipravit zdsady a podminky, jak bude vytvéaien Determining The goal is to lay down the principles and conditions for
pro bezpeénostni|audit pro posuzovani bezpetnosti tunelovych staveb ve safety audit carrying out audits focused on analyses of safety conditi-
audit T400.2 stadiu projektovéni i provozovani. priniciples ons in tunnel constructions in the phase of design and
T400.2 during operation.

Projekt bude ukoncen zavéretnou zpravou v lednu 2004.

Kromé povinnosti vyplyvajicich z projektu se fesitelsky kolektiv zabyva dal-
Simi aktivitami souvisejicimi s bezpetnosti v tunelech:

Navstéva tunelu Mont Blanc Po velkém usili a s pfispénim ITA/AITES se
podafilo navstivit tento tunel jesté pfed jeho dokonéenim. Byla ziskdna fada
cennych informaci, které byly publikovany v nékolika dokumentech.
Pracovni skupina "Bezpeénost v podzemnich stavbach" Jadrem sku-
piny jsou Elenové feSitelského kolektivu, skupina se pravideln& schézi.
Pfehled o jeji ¢innosti bude publikovan v ¢. 3 dasopisu Tunel a je v pfiloze
této zpravy.

Uspofadani odborného seminafe "Bezpetnost a dopravni rizika" uspoféda-
ného 12. Eervence na FD za ucasti Siroké odborné verejnosti. Zde byl také
projekt MDS predstaven.

Technické podminky MDS$ Resitelsky tym se podili na pfipominkovéni
pfipravovanych TP "Provoz, sprava a udrzba tuneld PK", kde je bezpeénosti
vénovana zvIastni kapitola.

Metodicka pfirucka Praha Pro vybaveni tuneld méstského okruhu
v Praze je pfipravena metodicka pfiru¢ka zpracovana doc. Pfibylem Fesici
detailngji dopravni znaceni a bezpeénost. Probiha zde koordinace s projek-
tem MDS.

Mezinarodni konference Vzhledem k tomu, Ze se kazdoroéné koné néko-
lik konferenci vénovanych bezpecénosti, je dohodnuto, Ze se &lenové tymu
budou téchto konferenci koordinované zucastriovat.

Projekt UPTUN Cast fesitelského kolektivu jedné s koordinatory velkého
evropského projektu, ktery by mél fedit dodateéné a levnéjsi bezpeénostni
vybaveni tuneld. Dr. Corsi navétivil Prahu a je pfedpoklad, ze Eltodo a pfi-
padné dalsi zajemci budou zahrnuti do projektu.

Jednotnéd databéze Pro sjednoceni zdrojli informaci je zpracovan program
v ACCESS {ing. Stefan), ktery umoziuje zapisovat véechny odkazy v jednot-
né podobé.

The project will be completed and the final report will be compiled by
January 2004.

Besides the responsibilities implied in the project, the development team is
engaged in other activities concerning safety in tunnels:

Visit to tunnel Mont Blanc Following great effort and with help of
ITA/AITES it was possible to visit this tunnel at the time before its completi-
on. A number of valuable information was gathered and later published in
several documents.

"Subsurface structures safety" working team The core of the working
team consists of members of the development team. The working team
meets regularly. A summary of its activities shall be published in "Tunel”
magazine, issue no. 3, and the content of this summary is enclosed with this
report.

The "Safety and traffic risks" specialized workshop held July 12, at FD was
noted for the strong attendance of professionals. The MDS project was int-
roduced on this occasion.

Technical conditions for MDS The development team participates in the
commenting procedure focused on the "Operation, administration and main-
tenance of road tunnels" specifications that are under development. Special
attention is given to safety issues that are addressed in a special chapter.
Guidelines for Prague A methodological guide has been prepared by Doc.
Pribyl for technical equipment in tunnels within the urban ring road in
Prague. The guide is designed to resolve road signaling and safety issues in
detail. The guidelines are prepared in coordination with MDS project.
International conference In view of the fact that several conferences spe-
cializing in safety are held every year, it is understood that team members
will attend these conferences in coordination with their actions.

UPTUN project Part of the development team meets with coordinators of
the major European project which is expected to resolve additional and cut-
rate safety devices in tunnels. Dr. Corsi visited Prague and there is strong
anticipation of inclusion of Eltodo or other interested parties into this large-
scale project.

Uniform database In order to consolidate information sources, an ACCESS-
based program has been developed by Ing. Stefan, which enables to regis-
ter all references or messages in uniform layout.

DOC. ING. PAVEL PRIBYL, CSc.
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10 LET CASOPISU TUNEL

Ceskoslovensky tunelafsky komitét ITA/AITES se v roce 1992, tedy po dese-
ti letech od svého pfijeti za &lena mezindrodni nevlddni organizace
International Tunneling Association, rozhod| vydévat sviij zpravodaj Tunel.
U zrodu tohoto &asopisu stalo devét &lenskych organizaci Cs. tunelaiského
komitétu ITA/AITES. Predeviim je nutno jmenovat Metrostav, jehoZ pro-
stfednictvim zagal ¢asopis vychazet. Navazal tak na 22 pfedchazejicich roé-
nikd podnikového odborného &asopisu Zpravodaj metro, ktery shrnoval
védecké a technicko-ekonomické informace hlavné z vystavby metra
v Praze, ale i ve svété. Daldimi zakladateli byly organizace Ingstav,
Metroprojekt, PUDOS, SG-Geotechnika, Subterra, Vodni stavby - o. z. 05,
Vojenské stavby a PUDIS.

Dusi celého zaméru byl prvni pfedseda redakéni rady ing. Jaroslav Grén.
Redakéni rada méla deset élend, z nichi dosud zdstavaji aktivnimi ing.
Miloslav Novotny, ing. Pavel Polak, ing. Georgij Romancov, ing. Milan
Krejcar a ing. Miroslav Uhlik.

0d té doby uplynulo dalsich deset let a ¢asopis Tunel slavi své jubileum.
Za toto obdobi doslo k nékolika vyznamnym zmé&nam. BohuZel je nutno pie-
devsim zminit smutnou udélost, a to Umrti pana ing. Jaroslava Grana v roce
1993. Tento velmi schopny technik, organizator a spoleéensky ¢lovék staéil
jesté v . Cisle roéniku 1993 formulovat zdméry a cile ¢asopisu Tunel
a v zapéti jej nelitostna smrt vyrvala z nageho stfedu. Na§ ¢asopis trvale pfi-
pomina jména Ing. Jaroslava Grana jako svého zakladatele.

V roce 1993 doslo k zasadni zméné v Zivoté nadeho statu - rozdéleni CSFR
na Ceskou a Slovenskou republiku. Cs. tunelafsky komitét ITA /AITES zacho-
val do uréité miry vérnost plvodnimu Eeskoslovenskému uspofadani
a Gasopis Tunel se stal spoleénym zpravodajem Ceského i Slovenského
tunelafského komitétu.

Ing. Petr Vozarik navézal na ing. Gréna a stal se pfedsedou nové utvofené
redakéni rady. V této funkci piisobi dosud. Redakéni rada se rozristd, éaso-
pis Tunel méni svou tvar, Svoje plvodni poslani, tj. prezentaci tUrovné &es-
keho a slovenského podzemniho stavitelstvi a jeho porovnani se svétem,
plni dal.

Ve funkci vedouciho redaktora ¢asopisu Tunel se dosud vystfidali panové
PhDr. Miroslav Kadlec, PhDr. Jan Bartak, DrSc. a Ing. Karel Matzner, ktery
tuto funkci zastava od roku 1996 aZ dodneska.

Od druhého ¢isla roéniku 1996 skondila gesce a masivni finanéni podpora
¢asopisu Tunel od spoleénosti Metrostav a tento éasopis se stal piné zavis-
lym na Ceském a Slovenském tunelaiském komitétu. To se projevilo i na
jeho obsahu, ktery se obohatil o nové podnéty. Na svych strankach zahrnu-
je technické informace o podzemnim urbanismu, technologiich, teoretické
staté z oboru geotechniky a informace o novych podzemnich stavbach.
Vedle metra a prvnich podzemnich objektd v technické infrastruktufe se
nové objevuji v Casopise projekty dopravnich tuneld silniénich i Zelezni¢-
nich, problematika udrzby, a otazky sanace a bezpeénosti jiz hotovych pod-
zemnich staveb. Casopis soustavné informuje své &tenafe o udalostech
v ITA/AITES na tuzemském i mezindrodnim poli. SlouZi potfebam nejen pod-
nikatelskych subjektil, ale i teoretické a pedagogické fronté, zejména zaslu-
hou dlouholetého ¢lena redakéni rady prof. ing. Jifiho Bartaka, DrSc.

Ve ¢Etvrtém Cisle rocniku 1998 doslo k vyrazné kvalitativni zméné ve vydava-
ni Easopisu Tunel. Ing. Jindfich Hess, pfedseda CTuK ITA/AITES a viceprezi-
dent celé asociace, podpofii myslenku zavedeni anglické mutace a tim se
nasemu &asopisu oteviela cesta do odborného svéta.

To je velky pokrok, ktery si vyslouZil mezinarodni uznani. V té souvislosti je
nutné se zminit i o vytvarné a grafické tvafi asopisu Tunel, ktera je vysoce
hodnocena a zachovava kontinuitu celych deset let. Za ni patii dik a obdiv
grafikovi Petru Miskovi.

Casopis Tunel je patefi Zivota ¢eskych a slovenskych tunelafi. Zasadnim
zplisobem pomaha organizaci odbornych konferenci v CR i SR, pfispivé ke
svétovym tuneldiskym kongresim ITA/AITES a ziskal si respekt u odborné
vefejnosti.

Deset let Zivota ¢asopisu stoji za ohlédnuti a toto jubileum vybizi k oslavé.
Jsme pFesvédceni, ze se dobra véc podafila a slouZi vieobecnému technic-
kému pokroku.

Ing. Petr Vozarik, pfedseda redakéni rady
Ing. Miroslav Uhlik, ¢len redakéni rady

10 YEARS OF THE ,TUNEL” MAGAZINE

The Czechoslovakian ITA/AITES tunneling committee decided in 1992, 10 years
after its accession into the international non-governmental organization
International Tunneling Association, to begin releasing its bulletin Tunel,

9 member organizations of the Czechoslovakian ITA/AITES tunneling committee
stood by birth of this magazine. It is necessary to name Metrostav before all,
through whom the magazine was being issued. It has thus joined on the 22 pre-
ceding issues of the company's professional magazine Subway bulletin, which
involved scientific, technical and economical information especially from subway
constructions in Prague as well as rest of the world. Other founders of the orga-
nization have been Ingstav, Metroprojekt, PUDOS, SG- Geotechnika, Subterra,
Vodni stavby - 0.d. 05, Vojenské stavby a PUDIS,

The first chairman of the editorial board Ing. Jaroslav Gran was a soul of the
entire ambition. The editorial board had 10 members, from whom Ing. Milostav
Novotny, Ing. Pavel Poldk, Ing. Georgij Romancov, Ing. Milan Krejcar a Ing.
Miroslav Uhlik still remain active. Another 10 years have passed since then and
the Tunel magazine celebrates its anniversary.

Several significant changes have taken place during this period of time. Before
all, it is essential to mark a very sad event, and thus death of Ing. Gran in 1993.
This very capable technician, organizer and social person still managed to outline
ambitions and goals of the Tunel magazine in its issue no. 1/1993, and closely
after a ruthless death has taken him away from us. Our magazine permanently
mentions the name of Ing. Jaroslav Grén as its founder.

A significant breakpoint in the life of our country took place in 1993 - separation
into Czech and Slovakian republic. The Czechoslovakian ITA/AITES tunneling
committee has to a certain extent kept its loyalty to the former Czechoslovakian
arrangement and the Tunel magazine thus became a mutual bulletin for both
Czech and Slovakian tunneling committees.

Ing. Petr Vozarik linked on Jaroslav Gran by becoming a chairman of ‘the newly
created editorial board. He has kept this position until today. The editorial board
is growing, the Tunel magazine changes its outlook. Its former mission, i.e. to pre-
sent the level of Czech and Slovakian underground engineering as well as its
comparison with rest of the world, is still being held on to.

As for the office of the main editor-in-chief, several men have gone through -
PhDr. Miroslav Kadlec, PhDr. Jan Bartak, DrSc. and Ing. Karel Matzner, who occu-
pies the position since 1996 until present day.

From issue no. 2/1996, a shelter and massive financial support of the Tunel mag-
azine from the Metrostav company finished and the magazine became fully
dependant on the Czech and Slovakian tunneling committees. That also
appeared in its content, which was enriched by new ideas. On its pages it con-
tains technical information about underground urbanism, technologies, theoret-
ical essays from the field of geotechnics as well as information about new under-
ground structures. Beside the subway and first underground structures within
technical infrastructure., also projects of road and railroad tunnels, problems of
maintenance, questions of rehabilitation and safety of already comipleted under-
ground structures newly appear in the magazine. It continually informs its read-
ers about ITA/AITES events within both domestic and international field. It serves
not only to the needs of business subjects, but also to the theoretical and peda-
gogical purposes, especially thanks to long-term member of the editorial board
Prof. Ing. Jifi Bartak, DrSc.

In the issue no. 4/1998, Tunel magazine went through a significant qualitative
change. Ing. Jindfich Hess, ITA/AITES CTC chairman and vice-president of the
entire association, opened up access to our magazine for the professional world
while the magazine began to be issued in Czech, Slovakian and English lan-
guages. That has been a tremendous progress, which has earned an internation-
al recognition. Along with this, it is necessary to mention the artistic and graphic
outlook of the Tunel magazine, which is highty valued and keeps its continuity for
the entire 10 years. A thank you as well as respect go to Mr. Petr Migek.

The Tunel magazine is a spine of the life of Czech and Slovakian tunnelers. It
essentially contributes to organization of professional conferences in CR and SR,
contributes to global ITA/AITES tunneling congresses and thus has earned
respect of the professional community.

10 years of the magazine's life are worth the reversed look and this jubilee calls
for celebration. We are convinced that a good job has been achieved and that it
serves to general technical progress.

Ing. Petr Vozarik, chairman of the editorial board
Ing. Miroslav Uhlik, member of the editorial board
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VYZNAMNE ZiVOTNI VYROC( ING. MILANA KREJCARA

Predstavujeme vam dal$iho jubilanta Sedesatnika. Je jim ing.
Milan Krejcar, ¢len redakéni rady ¢asopisu Tunel uZ od jejiho
zaloZeni v roce 1992, a stale obétavy ¢inovnik v nasi tunelarské
spolecnosti.

Jeho profesni kariéra je velmi bohata. Byla zahajena se zamé-
fenim na geologicky prizkum pro projektové prace v SUDOP
a pozdéji v Metroprojektu. Postupné pracoval jako specialista
a fidici pracovnik a byl u pfipravy takovych vyznamnych sta-
veb jako dalnice D1 BeneSov - Zru¢ na Sazavou, Zelezniéni
traté Diviaky - Banské Bystrica, Hranice na Morave - Valasské
Mezitici &i Trmice - Bilina a také v rozjezdu praziského metra.
Od roku 1975 v plsobnosti FMD zajistoval projektovou doku-
mentaci pro vystavbu dalni¢nich tuneld na Slovensku a dostavby Il
Vinohradského tunelu v Praze.

Pfipravu posledné jmenované stavby doved| az k realizaci jako pracovnik
Vojenskych staveb, a to jako hlavni technolog pro podzemni stavby.

V té dobé se v ramci této spole¢nosti realizovaly také jiné vyznamné stavby
jako Strahovsky tunel, tunely metra stavby IB, Zeleznitni tunel v oblasti
Blanska.

Svoje praktické a teoretické poznatky stale publikoval v fadé odbornych
¢asopis a shornikit konferenci. Samoziejmé byl mezi nimi i pfedchidce
naSeho ¢asopisu Zpravodaj Metro. .
Vyznamna také byla jeho &innost v ramci spoluprace s V3D v Ziliné a CVUT
v Praze. Za vynélez prefabrikovaného Zelezobetonového osténi razenych
tunell a sklolaminatovych kotev mu bylo vydano autorské osvédéeni. | po
rozpadu Vojenskych staveb z(stal profesni specializaci vérny, at uz v zamé-
feni na prlizkumné geologické prace, geologicky monitoring ¢&i vlastni tech-
nologickou ptipravu. Dokladem je jeho plsobeni na stavbé Zelezni¢niho
tunelu Bfezno u Chomutova.

Redakéni rada ocefiuje jubilantovu praci v redakéni radé i v pfipravném
vyboru zatim v8ech tunelarskych konferenci ITA/AITES a pieje do dalsich let
pevné zdravi a staly zajem o rozvoj geotechnického oboru.

65 ROKOV ING. JOZEFA FRANKOVSKEHO

Zivotného jubilea 65 rokov sa v marci 2002 doziva Ing. Jozef
Frankovsky, élen komitétu a sekretar Slovenskej tunelarskej
asociacie ITA/AITES, dlhoroény odbornik v oblasti podzemné-
ho stavitelstva.

Rodiskom jubilanta bola Velka Frankové na Zamaguri na seve-
re regionu Spis. Po absolvovani banickeho ucilista v Sirku
a banickej priemyslovky v Rozilave nasttpil v roku 1960 do
podniku Banské stavby Prievidza. S Prievidzou a Banskymi
stavbami zostala jeho Zivotna i profesionalna dréha az na krat-
ke intermezza zviazana az do sucasnosti.

V rokoch 1961 az 1967 vystudoval popri zamestnani banicku
fakultu VST v Kosiciach, odbor hibinné dobyvanie a vystavba
bani. Podas nasledujiceho obdobia az do roku 1989 pracoval vo viacerych
funkciach na Useku technického rozvoja. Podielal sa na vyvoji viacerych tech-
nologii, ¢i uz pre oblast razenia (vftacie vozy, raziace stroje), banskej dopra-
vy alebo vystrojenia {panelova vystuz, striekany beton). Napriek nepriazni
vtedajSej doby mu jeho technicka kompetencia spolu s jazykovymi znalosta-
mi umozZnili aktivnu Géast na viacerych pozoruhodnych dielach nielen na
Slovensku. Ako priklad stavieb, na ktorych sa podielal, mézeme uviest Novu
odvodiiovaciu $tdlfiu Voznica, preéerpavaciu vodnu elektrérefi Cierny Vah
ako aj vystavbu Bane Cigel. Po politickych zmenéach odstartovanych
v'novembri 1989 pracoval v roku 1990 ako povereny riaditel podniku Banské
stavby. V rokoch 1991 aZ 1993 pdsobil ako riaditel odboru fazby nerastnych
surovin na Ministerstve hospodarstva SR v Bratislave a v obdobi 1993 az
1994 ako generalny riaditel Prefabeton, a. s., KoSice. V roku 1995 sa vrétil na
Banské stavby, kde pracoval ako vedici odboru marketingu, neskoér ako ved-
Uci kancelarie a poradca generalneho riaditela. V spolupraci s Banskymi
stavbami pokracuje do dnesnych dni, ked v predoslom roku venoval mnoho
energie a Casu priprave osldv pétdesiatrocnice podniku a najmé vydaniu
publikécie Popod hory a doliny.

Okrem aktivit pracovného razu bol jubilant dihé roky aktivny v publikaénej
Cinnosti (Easopisy Rudy a uhli, InZinierske stavby, Tunel) ako aj v ¢innosti
profesnych organizacii {Slovenska tunelarska asociacia, Slovenska banicka
spolo¢nost). Je dlhoroénym spolupracovnikom redakcie ¢asopisu Tunel, naj-
skér ako élen redakénej rady, v sicasnosti ako odborny redaktor.
Jubilantovi Zeldme este mnoho rokov aktivne stravenych pracou i odpocin-
kom pri plnom zdravi a duSevnej pohode a prajeme sebe, aby sme sa s jeho
energiou, espritom a entuziazmom este dlho stretavali pri pracovnych aj
spolocenskych podujatiach.

A REMARKABLE ANNIVERSARY OF ING. MILAN KREJCAR

We introduce to You another sexagenarian jubilee. It is Ing.
Milan Krejcar, member of editorial board of the Tunel magazine
already since its foundation in 1992 and still an unselfish offici-
al within our tunneling association.

His profession career is very rich. It was commenced with focus
on geological exploration for designing works within SUDOP
and later Metroprojekt. Gradually as a specialist and executive
participated at preparations of such significant structures as D1
highway BeneSov-Zru¢ nad Sazavou, railway track Diviaky-
Banska Bystrica, Hranice na Moravé-Valasské Mezifiéi or
Trmice-Bilina as well as by beginnings of the Prague subway.
Since 1975 within FMT, he was responsible for project docu-

mentation for construction of highway tunnels in Slovakia and completion of

the Vinohrady tunnel llf in Prague.
As for preparation of the lastly mentioned structure, he brought it to comple-
tion already as an employee of Vojenské Stavby, and thus as a senior techno-
logist for underground structures.
Also other significant constructions were being realized within the frame of
this company at that time, such as Strahovsky tunnel, tunnels of the IB subway
line, railway tunnel in the region of Blansko.
He has been publishing his both practical and theoretical knowledge in a num-
ber of specialized magazines as well as conference proceedings. Predecessor
of our magazine Subway Bulletin stood of course among them.
Also his activity within cooperation with TU in Zilina and CTU in Prague has
been remarkable. As for invention of prefabricated ferroconcrete lining by dri-
ven tunnels and GRP anchors, he has been issued an author's certificate. Even
following the dissolution of Vojenské Stavby, he remained devoted to his wor-
king specialization, being it the focus on exploratory geological works, geolo-
gical monitoring or the technological preparation itself. His activity within con-
struction of the railway tunnel Brezno near Chomutov is a clear evidence.
The editorial board values the jubilee's work within editorial board and prepa-
ratory committee of all ITAJAITES tunneling conferences so far and wishes
good health in the following years as well as permanent interest in develop-
ment of the geotechnical field.

Ing. Petr Vozarik

ING. JOZEF FRANKOVSKY'S 65 YEARS

Ing. Jozef Frankovsky, member and secretary of the ITA/AITES
Slovakian tunneling committee and a long term professional
in the field of underground engineering, reaches a life jubilee
of 65 years in March 2002.
Velkd Frankové upon Zamaguri in the north of the Spis region.
After graduation from on mining specialized high school in
Sirko and a mining and industrial school in RoZriava, he enrol-
led as employee by Banské Stavby Bystrica in 1960. Both his
life and professional career have remained linked to Prievidza
as well as Banské Stavby with short breaks until present day.
During 1961 and 1967, while employed he studied the Mining
faculty of the TU in Kosice, the major of deep mining and con-
struction of mines. In the following era until 1989 he has been working in
various positions within the department of technical development. He took
part in development of numerous technologies, being it for the field of
mining (mining vehicles, mining machines), mining transportation or equip-
ment {panel reinforcement, sprayed concrete). Despite malignance of the
past era, his professional competency together with knowledge of languages
allowed him to actively participate at various remarkable works not only in
Slovakia. As examples of construction projects, at which he took part, we can
mention: the new water drainage adit Voznica, a pump storage scheme
Cierny Vah, as well as construction of the mine Cigel. After political shifts
started in November 1989, he worked as a designated general manager of
the company Banské Stavby. During the years 1991-1993 he worked as cha-
irman of the department of Mining of raw materials within the Slovakian
Ministry of economic affairs in Bratislava and between 1993 and 1994 as
a general manager of Prefabeton KoSice, Inc. In 1995, he returned to Banské
Stavby, where he consequently worked as chairman of the Marketing depart-
ment, later as chairmain of office and advisor of the general manager. He has
remained cooperating with Banské Stavby until present day, while last year
he put a lot of time and effort into preparation of the company's 50-year cele-
bration, especially into edition of the publication "Popod hory a doliny".
Beside his working activities, this man celebrating the anniversary has for
long years been also energic in the publicizing activity {(magazines Ore and
coal, Engineering construction, Tunel) as well as activity within professional
organizations (Slovakian Tunneling Association, Slovakian Mining Society).
He is a long-term cooperator of the Tunel magazine, firstly as member of the
Editorial board, currently as a specialized editor.
We wish him still a number of years actively spent by work as well as retire-
ment with full health and spiritual well-being, while we wish to ourselves for
a long time to still meet with his energy, spirit and enthusiasm within wor-
king as well as social proceedings.
Ing. Pavol Kusy, CSc.

prezident Slovenskej tunelarskej asociacie ITA/AITES

President of the ITA/AITES Slovakian Tunneling Association
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ZPRAVY Z TUNELARSKYCH KONFERENCI

NEWS FROM TUNNELLING CONFERENCES

MEZINARODNI SYMPOZIUM
MODERNI TUNELARSKE POSTUPY
A TECHNOLOGIE IS - KJOTO 2001

Ve dnech 30. fijna az 2. listopadu 2001 se konala v Kjétu jedna z velkych
tunelafskych konferenci, sponzorovanych Mezinarodni tunelafskou asociaci
ITA-AITES. Hlavni pofadatel, Univerzita Kjéto, vyuzil véestranné vybave-
nych prostor Mezinarodniho konferenéniho centra v Kjétu, coz umoznilo
Uéast v Asii tradi¢né velkému poctu Uéastnikd, kterych bylo asi 600.

Bylo pfedneseno 6 klicovych prednasek, které jiz svym zaméfenim dobfe
charakterizuji sougasny stav a tendence v podzemnim stavitelstvi:
F. Vuilleumier (Svycarsko) hovofil na téma “Filozofie komplexni bezpeénos-
ti tunelt ve Svycarsku”, T. Tamura (Japonsko) mél prednasku o zakladnich
mechanismech tunelovani, pfednaska H. Wagnera (Rakousko) se zabyvala
pfizplsobovanim modernich tunelafskych metod podminkdm horninového
prostiedi, téma pfednasky V. Koyamy (Japonsko} bylo "Metody projektova-
ni tuneld razenych $tity", H. Russell (USA) hovofil o opravach a sanacich
tunelovych staveb a prednaska T. Hanamury (Japonsko) se zaméfila na
systémové vyuziti podzemnich prostor v urbannich oblastech v 21. stoleti.

V prib&hu sympozia bylo pfedneseno na 170 referatd, dalich asi 40 pfis-
pévkd bylo prezentovano formou posterd. Cela problematika byla rozdélena
do nékolika sekei:

Procesy tunelovani, Projektovani a stavba méstskych tuneid, Projektovani
a stavba horskych tuneld, Udrzba a opravy tunelovych staveb, Projektovéani
a stavba podzemnich staveb, Méfeni, monitoring, geofyzikalni metody
a geotechnicka charakteristika.

V dobé sympozia byla v Kongresovém centru uspofadana technicka vysta-
va, které se zudastnilo 30 vesmés japonskych firem a korporaci z oblasti
tunelovani a podzemniho stavitelstvi.

Sou¢ésti sympozia byly odborné exkurze na stavby méstskych i dalniénich
tuneld v blizkém okoli.

Hlavni poznatky z konference lze velmi struéné shrnout takto: Podzemni sta-
vitelstvi se rychle rozviji a je schopno fesit i ty nejobtiznéjsi tkoly, pokud jde
o rozméry staveb, pFirodni podminky a dosahované vykony. Patrny je rych-
ly transfer nejmodernéjsich materiall, technologii a mechanizaénich pro-
stfedkl ze vSech prlimyslovych oblasti do technologii podzemnich staveb.
Technickd urovef a vykonové parametry stroji pouZivanych pfi vystavbé
tunell (TBM, mechanizované §tity atd. ) prudce rostou a jsou koncipovany
tak, aby bezpe€né pokryly co nejvétsi rozsah pfirodnich podminek bez
zmény technologie a Uprav stroje. Zjednodusené feéeno vyznam a véha
konstruktérl, strojnich inzenyrii a elektronikd roste na Ukor projektantl
a geomechanik{. | v teoretické oblasti je zfeteInd snaha o sbliZeni a sjed-
noceni principd a postupl tunelovéani v jednotlivych oblastech {méstské
a dalniéni tunely, podminky skalnich hornin a zemin).

Sympozium potvrdilo pozici Japonska jako tunelafské velmoci, pro niz je
vyuziti podzemniho prostoru nezbytnou nutnosti danou geografickymi
a demografickymi podminkami zemé. Navstivena stavba tunelu Ritto, jako
¢asti nové Sestiproudové dalnice Tokio - Kobe, byla ukdzkou precizni japon-
ské organizace a vysoké kvality prace. Dvoutubusovy tunel v oblasti
Konanskych Alp s délkou 3,8 km byl nejprve vyrazen v centralni &asti prife-
zu v kazdém tubusu pomoci TBM v priméru 5 m a pak rozsifen pomoci
trhaci prace na zékladé princip NRTM na celkovy prifez o Sifce 17,5
a vysce 12,5 m. Kromé vlastnich technologickych a vykonovych parametr(i
(které byly podpofeny pt¥iznivymi geologickymi podminkami pevného Zulo-
vého masivu} stoji za zminku dokonald organizace, pofadek a éistota stave-
nisté (napf. v8echny dogasné pfistupové komunikace jsou dokonale vyas-
faltovany az k usti tunelu).

Navstéva Japonska je velmi plsobiva i z hlediska fadu a organizace béiné-
ho Zivota, napf. dokonalého fungovani vefejné dopravy s obrovskymi
dopravnimi kapacitami. Pro nas Stfedoevropany je ovéem nejvétim zazit-
kem disciplina a chovani béznych ob&anl, naprosta absence projevd van-
dalismu a nasili (véetné sprayeru) a Uroveii sluZeb. Jeden pfiklad z konfe-
rence: Autor téchto fadkd Fidil jednani sekce, kde na prezentaci pfispévku
byl stanoven limit 5 min. Nebylo nutné ani v jednom pfipadé napominat
pfednadejici {vesmés Japonce), aby limit dodrZeli. Nejpozdéji za 4' 30"
nasledovala zavére¢na tklona a odchod z pddia.

INTERNATIONAL SYMPOSIUM
ON MODERN TUNNELLING SCIENCE
AND TECHNOLOGY IS - KYOTO 2001

One of the large tunneling conferences, sponsored by the International
Tunnelling Association ITA/AITES, took place in Kyoto between October 30 and
November 2, 2001. The University of Kyoto as a main organizer used the multi-
purposely equipped rooms of the International Conference Center in Kyoto,
which allowed for Asia traditionally high number participants, of which there
was approximately 600.

6 key lectures were delivered. Their orientation well describes the current state
and trends within underground engineering. F. Vuillemiuer (Switzerland) spoke
on the topic of "Integral Safety Philosophy of Tunnels in Switzerland and
International Comparison", H. Tamura (Japan) held a lecture on fundamental
tunneling mechanisms, the lecture of H. Wagner (Austria) dealt with the accom-
modation of modern tunneling methods to conditions of rock environment. The
topic of the lecture of V. Koyama (Japan) was "Design Method of Shield
Tunnels”, H. Russell (USA) spoke about refurbishment and repairs of tunnel
structures while the lecture of T. Hanamura (Japan) was focused on the syste-
matic use of underground space within urban areas in the 21st century.

About 170 lectures were delivered during the course of the symposium, anot-
her 40 contributions were presented in the form of posters. All of the problems
were divided into several sections :

The mechanisms of tunneling; Design and construction of urban tunnels;
Design and construction of mountain tunnels; Maintenance of tunnel structu-
res; Design and construction of underground structures; Measurement; moni-
toring, geophysics and site characterization.

A technical exhibition, at which 30 of mostly Japanese companies and corpo-
rations from the field of tunneling and underground engineering took part, was
organized in the Congress center during the symposium.

Specialized excursions to construction sites of urban and highway tunnels in
the vicinity were part of the symposium.

It is possible to briefly sum up the main knowledge gained from the conferen-
ce in the following way: The underground engineering is developing quickly
and is able to solve even the most complicated tasks concerning dimensions of
structures, natural conditions or achieved outputs. A fast transfer of most
modern materials, technologies and mechanical equipment from all industrial
fields into technologies of the underground construction is apparent. Technical
level and output parameters of equipment used in tunnel construction (TBM,
mechanized shields etc.) rise rapidly and are designed to safely cover the lar-
gest possible range of natural conditions without alteration of excavation tech-
nique or modification of the equipment. In other words, the significance and
value of equipment designers, mechanical engineers and electronicians rises
as opposed to tunnel designers and geomechanical engineers. Even within the
theoretical sphere there is an effort obvious to converge and unify the princip-
les and procedures of tunneling in specific fields (urban and highway tunnels,
rock and soil conditions).

The symposium confirmed the role of Japan as a dominating tunneling power,
for which the use of underground space is an essential necessity given by geo-
graphical and demographical conditions of the country. The visited constructi-
on site of the Ritto tunnel, as a part of the new 6-lane Tokyo-Kobe highway, was
a display of precise Japanese organization and high quality of work. The 3,8km-
long double-tube tunnel in the area of the Konan Alps, was firstly driven in
a central part of the cross section of each tube, using a 5m-diameter TBM. Then
the excavation was extended, using blasting works based on principles of the
NATM, to the final cross section 17,5 m wide and 12,5 m high. Beside the tech-
nological and output parameters proper (those were supported by favorable
geological conditions of a solid granite massif), also the outstanding organiza-
tion, order and neatness at the construction sites are worth mentioning (for
instance all of the temporary access roads are perfectly asphalted all the way
to the tunnel entrance).

A visit to Japan is very impressive also from the viewpoint of the order and
organization of the common life, for instance perfect operation of the public
transportation with gigantic capacities. As for us middle-Europeans, however,
the greatest experience is the discipline and behavior of ordinary people, a total
absence of displays of vandalism and violence (including graffiti) as well as the
level of services. One example from the conference: author of these lines was
chairing a session of a section, where there was a given limit of 5 min. on pre-
sentation of one contribution. Not even in a single case was it necessary to
remind the lecturers {mostly Japanese) to keep the limit. By 4’ 30" at the latest
a final bow and departure from the stage followed.

Ing. Richard Shupérek, CSc.
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SILNICNi KONFERENCE 2001

Jako jiz tradiéné se ve dnech 16. az 17. fijna 2001, tentokrat v Olomouci, kona-
la v pofadi jiz 9. konference odborniki zabyvajicich se silniénim stavitelstvim.
Konference byla pofadana pod patronaci Ceské silniéni spoleénosti se zajits-
nim Agenturou Viaco.

Cilem konference bylo seznamit odbornou vefejnost s aktualnimi problémy
a ukoly investiéni vystavby, Udrzby a opravy silnic a dalnic ve vazbé na nové
regionalni rozdéleni republiky.

Pribéh konference zahrnujici pfispévky a diskuse byl rozdélen do nasleduijicich
tematickych blok:

|. Stav silniéni sité a moZnosti jejiho rozvoje do roku do roku 2010;

II. Nové organizacni uspofadani silniéniho hospodafstvi;

IV. Technicka politika silni¢niho hospodafstvi.

Ucastnici na dand témata vyslechli 26 pfispévki, samoziejmé Ze nejvétS§imu
zajmu se téSily pfispévky vénované zajisténosti vystavby a financovani pro nej-
blizsi léta.

Znovu véechny podpofily 1. fazi ptijaté dopravni politiky CR (do obdobi pfipra-
vy na vstup do EU} s cilem zastavit zhor§ovani stavu infrastruktury a pokraco-
vat v jeji modernizaci a intenzivnim vyuziti véech forem jejiho financovani.
Pracovnici statniho fondu dopravni infrastruktury a Ministerstva financi potvr-
dili dynamiku ristu zdroji sméfovanych na vystavbu a obnovu silniéni doprav-
ni infrastruktury pro obdobi 2002 az 2004 (Index 2002/01 pro silnice 114,9, pro
dalnice 161,8).

Z hlediska tunelového stavitelstvi je dilezité, ze pro léta 2002 az 2004 jsou do
plénu vystavby zahrnuty Useky dalnic s tunelovymi stavbami, a to na déainicich
D8, D47 a také na dalnicnim obchvatu hl. m. Prahy.

Z pohledu zhotovitelské strany bylo predloZeno na konferenci nékolik vyznam-
nych namétl pro zlepSeni soucasného stavu rozvoje infrastruktury, jako napf.:
- vytvofit stfednédoby program, min. na 5 let, praci na dalnicich a silnicich a for-
mou viddniho usneseni potvrdit alespon posloupnost staveb;

- v oblasti oprav stanovit souvisejici koncepci, ktera by obsahovala zhodnoceni
stavu a pfedstavu o zpliisobu zlep§eni;

- rezim piipravy smluvné zajistit k zaéatku stavebni sezony néasledujiciho roku.
V katalogu konference je uveden i pfehled technickych predpist, které byly
zpracovany nebo zaktualizovany v letech 2000 - 2001. Pro obor geotechnika se
jedna zejména:

Normy:

CSN EN 1537 {731051)-01 Provadéni specialnich geotechnickych praci - injekto-
vané horninové kotvy

CSN EN 1538 (731441)-01 Podzemn/ stény

CSN EN 12699 (733001) Razené piloty

Technické podminky MDS:

TP 76 Geotechnicky prizkum pro stavby PK

TP Provoz, sprava a udrzba tunell

Metodické pokyny:

Technicko-ekonomické hodnoceni tuneld PK

Projekty vyzkumu a vyvoje:

803/120/105 Analyza a fizeni rizik v tunelech

(zpracovava ELTODO do r. 2003)

Z hlediska na8i tunelaiské odbornosti na konferenci tentokrat nebyl zafazen
Zadny prispévek, ale véfim, Ze v pfistim roce, kdy budou zahéjeny priizkumné
prace na tunelech délnice D8 a D5, se této problematice bude vénovat zvysena
pozornost.

KONFERENCE ZELEZNICE 2001

Setkani investorl, projektantd, staviteld a spravcl, které pofadaly ui
posesté Ceské drahy, s. 0., DDC, o. z., a SUDOP Praha, a. s., se uskuteénilo
v Praze ve dnech 1. az 2. 11.

Zakladni téma konference:

- investiéni priority Ceskych drah a moZnost financovani;

- nové poznatky dodavatelskych organizaci z realizace Zelezni¢nich staveb;
- vyvoj a novinky v oblasti Zelezniéniho zafizeni.

V pribéhu jednani bylo véeobecné konstatovano, Ze Zelezniéni infrastruktu-
ra za evropskou zaostava, dale podstatné klesl dopravni vykon nizkou kon-
kurenceschopnosti Zeleznice vaéi silniéni dopravé. Jednou z cest zlep$eni
stavu je rozvoj a modernizace Ctyf tranzitnich koridord, déle realizace nové-
ho propojeni trati a nadrazi v Praze, rekonstrukce nadrazi v Brné. Z hlediska
tunelového stavitelstvi je vyznamné, Ze v ptipravném a projekénim stadiu
jsou stavby Ceska Trebové - Zahfeb na Moravé s fadou tuneld a nové pro-
pojeni v Praze také s vyznamnou tunelovou stavbou. S realizaci se podita
postupné od roku 2002.

Rozvoj tunelovych staveb v Zelezniéni dopravé podpofil piispévek
Metrostavu Praha zabyvajici se realizaci prvniho Zeleznitniho tunelu raze-
ného novou rakouskou metodou na trati Kralupy - Vrafany.

O tom, Ze Zeleznitni tunely nabyvaji na vyznamu v budovani nové infra-
struktury Zeleznic, svédéi i to, Zze 23. 1. 2002 byla tomuto tématu spolu
s Zeleznicnimi mosty vénovana samostatna konference.

ROAD CONFERENCE 2001

As already traditionally during October 16-17, this time in Olomouc, a 9th confe-
rence of professionals dealing with road engineering took place. The conference is
organized under auspices of the Czech road association, organized by the Viaco
agency.
The conference's focus was to inform the professional community about current
problems, tasks in the field of capital construction, maintenance and repair of roads
and highways in connection to new regional division of the republic.
The course of the conference, including contributions and lectures, was divided
into the following topic circuits :
1. Status of the road network and possibility of its further development until 2010;
Il. New administrative organization of the roads management ;
M. Funding of the roads sector under new conditions;
V. Technical policy of the roads management.
Participants have heard 26 contributions on the given topics, naturally the highest
attention was devoted to contributions dealing with the status of securing the deve-
lopment and funding for upcoming years. Again, all of them have expressed sup-
port for the |. phase of the adopted Transportation policy of CR (until the time of
preparation for accession into the EU) with its goal to prevent further deterioration
of the status of infrastructure and to continue its modernization as well as intensi-
ve use of all forms of its funding.
Representatives of the State fund of traffic infrastructure and the Ministry of
Finance confirmed dynamic growth of resources allocated to construction and
reconstruction of the road traffic infrastructure for the term 2002-2004 (Index
2002/01 for roads 114.9, for highways 161.8).
From the viewpoint of the tunnel engineering, it is important that there are high-
way sections with tunnel structures included in the construction plan for 2002-2004,
and thus within highways D8, D47 as well as within the Prague highway by-pass.
From view of the sphere of contractors, several significant motives for improve-
ment of the current status of the infrastructure development have been submitted,
such as:
- to set up a medium-term program, for 5 years at least, of works on highways and
roads and in the form of governmental resolution to confirm at least sequence of
the projects;
- in the field of repairs to determine a coherent concept which would include eva-
luation of the status as well as a proposal for the method of improvement;
- to contractually secure the regime of the preparation by the beginning of the buil-
ding season of the following year.
Within proceedings from the conference, also an overview of technical regulations,
which have been elaborated or updated during 2000-2001, is presented. For the
geotechnical field, those especially are :
Standards :
CSN EN 1537 (731051)-01 execution of specialist geotechnical works - grouted rock
anchors
CSN EN 1538 (731441) - 01 diaphragm walls
CSN EN 12699 (733001) - driven piles
Specifications issued by the MTC:
TP 76 geotechnical exploration for road construction
TP operation, administration and maintenance of tunnels
Methodical instructions:
Technical - economical evaluation of road tunnels
Research and development projects:
803/120/105 analysis and management of risks in tunnels
Being elaborated by Eltodo, to be finished by 2003
From the viewpoint of our tunneling profession, no contribution was on program
at the conference this time, | believe however, that in the following year, when
exploratory works on tunnels of the D8 and D5 highways will be commenced, an
increased attention will be devoted to these problems.

Ing. Petr Vozarik

THE CONFERENCE "RAILWAYS 2001"

The meeting of owners, designers, contractors and administrators, organised alre-
ady for the sixth time by Ceské drahy s.0. DDC o.z. (the Transport Routes Division
of Czech Railways) and SUDOP Praha a.s., took place in Prague on 1st - 2nd November.
The basic conference topics were:
- investment priorities of Czech Railways and funding possibilities
- new knowledge gained by contractors on implementation of railway projects
- development and news in the field of railway equipment
It was generally stated in the course of the discussions that the railway infrastruc-
ture has been lagging behind the European standard, the hauling performance has
declined significantly due to the low competitive strength of the railway compared
with road haulage. One of the ways in which the current state can be improved is
to develop and modernise four transit corridors, further to build a new connection
in Prague, and to refurbish the rail station in Brno. From the viewpoint of the tun-
nelling industry, it is important that the planning and designing work has been star-
ted on the Ceskd Trebovd - Zahfeb na Moravé project, containing a number of tun-
nels, and the "New connection" project in Prague, also with a major tunnel con-
struction. The implementation of the projects is expected to start from 2002.
The development of tunnel structures in the railway traffic was supported by a paper
by Metrostav Prague. It dealt with the execution of the works on a rail tunnel driven
by the New Austrian Tunnelling Method on the Kralupy-Vrariany line.
Also the fact that a special conference will be dedicated to this topic, together with
rail bridges, testifies to the fact that rail tunnels are gaining in importance within
the development of the new railway infrastructure.

Ing. Petr Vozarik
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ZPRAVODAJSTVI CESKEHO TUNELARSKEHO KOMITETU

CZECH TUNNELLING COMMITTEE REPORTS

ZMENY V CLENSKE ZAKLADNE
CTuK 1. 1. 2002

Do nového roku vstupujeme s dvéma novymi élenskymi subjekty, které byly
v priibéhu uplynulého roku pfijaty. Vitame v nasich fadach:

* projektovou a inzenyrskou firmu ABP, a. s., Praha vedenou Ing. Miroslavem
Kopfivou, pfedsedou pfedstavenstva a feditelem spoleénosti, Nam. HrdinG
6, 140 00 Praha 4.

Spojeni: tel. 414 06 553, fax 414 00 224, e-mail abppraha@iol.cz, web
www.abppraha.iol.cz. Hlavni zaméfeni &innosti: pfedprojektova a projektova
dokumentace vSech stupil a druhl staveb, zvlasté pak inZenyrské kon-
strukce, podzemni stavby, mosty a tunely, déle pak inZenyrska ¢innost.

* akciovou spoleénost ENERGIE KLADNO, a. s., vedenou generalnim Fedi-
telem Ing. Zdefikem Osnerem, CSc., kterou jsme &tendfim jiz predstavili
v pfehledu &lenskych firem v ¢. 3/2001 naseho ¢asopisu.

Se dvéma ¢leny jsme se viak na jejich zadost museli rozlougit. Clenstvi
ukonéily HONEYWELL, s.r.0., a AD SERVIS TERRABOR, s.r.0.

CHANGES IN THE CTUC MEMBERSHIPS
AT JANUARY 1. 2002

We are entering the new year with two new member organizations which
were accepted within the last year. We welcome among CTuC members:

¢ design and engineering firm ABP a. s. PRAHA headed by Miroslav Kopfiva,
General Manager and Chairman of the Board of Directors, Ném. Hrding 6,
140 00 Praha 4.

Connection: phone +420 2 414 06 553, fax +420 2 414 00 224, e-mail
abppraha@iol.cz, web www.abppraha.iol.cz.

Main subject of activity: pre-preparatory and preparatory documentation of
all degrees and kinds of constructions, especially of civil engineering,
underground, bridge and tunnel ones, and further civil engineering activities.
e stock joint company ENERGIE KLADNO, a. s., headed by Zdenék Osner,
General manager, which was already introduced to our readers in the List of
member organizations in the No. 3/2001 of our journal.

Two members have cancelled the membership according to their own deci-
sion: HONEYWELL, s. r. 0. and AD SERVIS TERRABOR, s. r. 0.

INFORMACE PRO CLENY CTuK
Zapis z jednéni Pracovniho shromazdéni élenl
Ceského tunelarského komitétu ITA/AITES,
které se konalo podle stanov a usneseni pfedsednictva
CTuK spolu s odbornym seminafem
na pozvani firmy POHL, a.s.,
dne 15. 11. 2001 v hotelu Rustical v Brng, Cerveny Kopec 4

Pfitomni: dle prezenéni listiny uloZené v sekretaridtu CTuK: 28 zastupch
24 Elenskych organizaci, 8 individualnich élent
¢lenové pfedsednictva: Ing. Jindfich Hess, prof. Ing. Jifi Barték DrSc.,
Ing. Georgij Romancov Csc., Ing. Vaclav Soukup
predseda Redakéni rady éasopisu TUNEL Ing. Petr Vozarik
pfednasejici: Ing. Karel Franczyk, zdstupce fy. ISEKI pro CR
sekretaf CTuK Ing. Karel Matzner

Omluveni: Prof. Aldorf, Ing. Doubek, Ing. Vale$, Doc. Pfibyl, Doc. Rozsypal,

Ing. Stastny, Ing. Dolezalové

Ugastnici obdrzeli: - pozvanku s programem jednani
- navrh rozpoétu CTuK na rok 2002
- TUNEL ¢. 3/2001

Jednani zah4jil pfedseda CTuK Ing. Hess a hostitelskou firmu piedstavil
Ing. Pohl.

1. Zpréva ze zasedani EC ITA/AITES v Milané, o strategii a prioritach
asociace (Ing. Hess)
Ptedseda CTuK komentoval posledni vyvoj v ITA/AITES, rozhodnuti GA o zfi-
zeni profesiondiniho sekretariatu asociace v Lausane, ustaveni nové pracov-
ni skupiny (WG) s nazvem Conventional Tunnelling, o personélnich zménach
ve vedeni asociace a 0 moznosti kandidatury Prahy na pofadéani Svétového
tunelafského kongresu spojeného se zasedanim Valného shromazdéni (GA)
ITA/AITES v roce 2005. Pfi§ti zasedani GA bude v 03/2002 v Sydney, na ném?
budou doplriovaci volby do pfedsednictva (EC) i mista konani pfistich zase-
dani GA. Do konce listopadu je mozno podat do sekretariatu CTuK navrh
kandidata do pfedsednictva (EC) ITA/AITES na uvolnéné misto po prof.
Buly&evovi, jemuz konéi funkéni obdobi a rovnéZ i zdvazny navrh na zajisté-
ni zasedani GA v Praze. Otekavame i navrhy zajemct o ¢lenstvi v nové usta-

INFORMATION FOR CTuC MEMBERS
Minutes of the Working Members Session
of the Czech Tunnelling Committee ITA/AITES
held according to the Status and Board decision together
with a professional seminar
on invitation of the firm POHL, a.s.,
November 15, 2001, in Rustical hotel, Brno, Cerveny Kopec 4

vené WG, pfipadné i v dalSich, v nichZ nemame zastupce (jejich seznam viz
TUNEL ¢&. 3/2001).

2. Zahéjeni funkéniho obdobi nové zvoleného predsednictva CTuK
{Ing. Hess}

Do piedsednictvu CTuK byli zvoleni dva novi &lenové - Ing. Georgij
Romancov CSc. a Ing. Vaclav Soukup. Ve svém kratkém vystoupen! promlu-
vili o oblastech, které budou mit v ptedsednictvu na starosti: zastupovani
pfedsednictva v Redakéni radé gasopisu TUNEL, sledovani technického roz-
voje v realizaci podzemnich staveb. Zapis z Valného shromazidéni CTuK
s vysledky voleb je publikovan v €. 3/2001, zépis z prvniho zasedani nového
pfedsednictva v¢. rozdéleni kompetenci v & 4/2001. Ing. Matzner komento-
val sluZby sekretariatu CTuK a redakce &asopisu TUNEL, moznost vyuzitf kni-
hovny, zprostfedkovani zasilani pfispévk na konference aj. Ing. Hess pak
zvl48t zdlraznil vyznam vystupovéni nasich reprezentantd na tunelafskych
kongresech a konferencich v zahrani¢i z ddvodii publicity nejen nasi ginnos-
ti v podzemnim stavitelstvi, ale i osobnosti reprezentujicich nas obor.

3. Ptedpoklad hospodaFského vysledku CTuK v roce 2001, projed-
nani a schvéleni nutnych opatfeni k dodrZeni rozpoétu na rok 2002
(Prof. Bartak, Ing. Matzner v zastoupeni Ing. Doubka).

Financovéni CTuK bylo ve [V/2001 v&#né narudeno platebni nekazni nékte-
rych &lenskych subjektl a Slovenské tunelafské asociace. K 30. 9. 2001 byl
i po urgencich stav neuhrazenych faktur 641,9 tis. K& Rozpoéet roku 2001
bude dodrzen se ziskem 13,3 tis. K&, avéak stav finanénich prostiedkd na b.u.
ohroZoval vydani étvrtého &isla Gasopisu. STA po osobnich jednanich &ést
dluhu ve vyS$i 410 tis. K¢ jiz splatila a dal$i platby jsou na cesté. Rovnéz firma
Amberg jiz zacala se splacenim pohledavek. Nékolik vybranych firem
poskytlo k pfeklenuti tohoto obdobi zalohové finanéni prostiedky na pora-
denstvi v roce 2002.
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Predlozeny rozpocet na rok 2002 je sestaven jako schodkovy s ohledem na
nutnost Ghrady pfedstihovych naklad( spojenych s pfipravou konference
PS 2003. Do jeho skladby v&ak bylo nutno zapoditat zvySené ¢astky za pora-
denskou ¢éinnost projednané v predsednictvu 4. 10. 2001 takto:

kategorie A - velké vyrobni organizace: zvy$eni o 5000,- na 100 000,-

B - malé vyrobni 12 000,- na 47 000,
C - velké inzenyrské 7 000- na 55000,
D - malé inzenyrské 4000,- na 22000,

Pivodni &astky byly schvaleny valnym shromazdénim v roce 1996. V té
dobé bylo 10 organizaci v nejvy$si skupiné A, v soucasnosti pouze 3 - MET-
ROSTAV, SUBTERRA a VOKD. Mimo bézné inflacni vlivy doslo ke kvalitativ-
nimu i kvantitativnimu skoku ve vydavani ¢asopisu TUNEL: obsah vzrostl
z 32 na 56 stran v dvojjazyéném provedeni a celobarevné Gpravé. Proto je
nutno upravit pfijmovou Cast rozpoétu nejen o uvedené zvyseni plateb za
poradenstvi, ale rovnéz dodrzet usneseni z Valného shromazdéni o inzerci:
kaida organizace zajisti v roce dva inzeraty do ¢asopisu, bud vlastni, nebo
svych obchodnich partnert. Tato nutna opatfeni jsou do pfedlozeného roz-
poctu promitnuta.

Ing. Sochlrek pfipomina, Ze za uvedenou dobu do$lo rovnéz k nerovno-
mérnému rozvoji jednotlivych ¢lenskych firem, takze tehdejsi kategorizace
uz nemusi vyjadfovat souc¢asnou realitu.

Usneseni: Pracovni shromaZdéni bere na védomi uvedené duvody vedouci
ke zvyseni poplatkd za poradenstvi a hlasovdnim zvy$eni jednomysiné
schvaluje. Tim soucasné schvaluje i pfedloZeny rozpocet na rok 2002.
UloZilo pfedstavenstvu pfipravit navrh vhodnych kritérii na stanoveni vyse
poplatkti za poradenstvi pro jednotlivé éleny CTuK tak, aby je bylo moino
schvalit na Valném shromézdéni CTuK v roce 2002.

4. Zahajeni ptipravy konference "Podzemni stavby Praha 2003"
{Prof. Bartak)

Pfedseda pripravného vyboru prof. Bartak seznamil pfitomné se skladbou
jeho &lend, reprezentujici jednotlivé ¢lenské organizace. Tento kolektiv se
osveéd¢il v organizaci minulych konferenci a neni dGvodu jej ménit. Pokud
by v8ak néktera z organizaci zadala o vyménu nebo doplnéni svého zastup-
ce, necht tak uéini do 30. 11. 01. Pfedpokladame, Ze prvni schiizku PV svo-
lame v ndvaznosti na zasedani redakéni rady 11. 1. 2002.

5. Mikrotunelovani a jeho vyuzZiti v komunalnich stavbach

{Ing. Franczyk)
Zastupce firmy ISEKI pro CR pfednesl zajimavy podrobny pfehled technolo-
gii a mechanizace pro $toly a tunely malych profil(, doplnény obrazovou
a vykresovou projekci. Po prednasce odpovidal na dotazy ucastnikd.

6. Aplikace novych produktid firmy CarboTech v podzemnim
stavitelstvi (Ing. Janicek)

Radvanicka firma CarboTech-Bohemia, s. r. 0., zahrnuje celou $kalu stabili-
zaénich technologii, $iroky sortiment kotevnich systéma a specialnich injek-
tazi od projektu aZ po realizaci véetné moderni mechanizace a materiald.
V podzemnim stavitelstvi nachazeji stale ¢astéji uplatnéni chemické injekta-
Ze polyuretanové, akrylatové a silikatové, a to jak z hlediska stability, tak
vodotésnosti podzemniho dila. Svou pfednasku doplnil Ing. Janicek Cetny-
mi grafy a obrazy.

7. Prezentace firmy POHL a jejich aktivit (Ing. Pohi, Ing. Fry¢)
Prednasejici informovali o rozvoji firmy od roku 1989 a zejména po roce
1992. Predstavili hlavni realizované projekty a zaméfili se na moderni stroj-
ni vybaveni a technologie, reprezentované v posledni dobé MINI TUNEL
SYSTEMEM ve spolupraci s némeckou firmou TAUBER Rohrbau, jejimi mini
Stity DN 1000 az DN 2000 a zelezobetonovymi trojkloubovymi tybinky spo-
jovanymi na pero a drazku s bitumen/polyuretanovym tésnénim.

Exkurzi na stavbu v3ak bylo nutno zrusit z dGvodu momentalni nepfistup-
nosti stavenisté. Zajemci jsou v8ak zvéni na prohlidku v nejblizsi dobé po
telefonické domluvé.

Zavérem pfedseda CTuK podékoval Ing. Pohlovi za zajisténi dnesniho set-
kéni élent naseho komitétu a vyzval pfitomné, aby sdélili do sekretariatu,
kdo by mél zajem prezentovat svou firmu pfi pfistim setkani, tj. pfi Valném
shromazdéni CTuK v kvétnu 2002.

Zapsal: Ing. Matzner
Ovéfil: Ing. Hess

®

Metoda Soilfrac

Sanace zakladq,
zdvihani objektt
a ochrana objektt
pred poklesy

Kontaktujte nas na adrese:

KELLER - specialni zakladani, spol. s r.0.
K Ry$ince 16 - PO.Box 27

|47 54 Praha 4 - Ceslé republika

T 00420(0)2/4144 0770, 1.121

Fax 00420(0)2/41 4416 48

E-mail: Office.Praha@Kellergrundbau.cz

Kancelar Brno: Renneska la, 639 00 Brno
4 00420(0)5/43330070

Fax 00420 (0)5/43 33007l

E-mail : Office.Brno@Kellergrundbau.cz

htep://www.KellerGrundbau.com
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3/2001

3/2001

47

47
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Tunely 2001
Tunnels 2001 3/2001 50
Ing. Petr Vozarik

Praiské geotechnické dny 2001
Prague geotechnical days 2001 3/2001 51
Doc. Ing. Alexandr Rozsypal, CSc.

Z CINNOSTI ODBORNYCH SPOLECNOSTI ZAINTERESOVANYCH DO PODZEMNICH STAVEB
ACTIVITIES OF PROFESSIONAL CORPORATION INTERESTED
IN UNDERGROUND CONSTRUCTION

Cinnost sekce silni¢ni tunely CSS v roce 2000 a plén &innosti pro rok 2001

Activity of CSS Road Tunnels section in the year 2000,

plan of activity for 2001 1/2001 50
Ing. Jifl Smolik

Seminar: Klasifikace zemin a hornin
Colloquium: soil and rock classification 2/2001 55
Ing. Petr Vozarik

Geonics 2001 3/2001 52
Ing. Richard Siuparek, CSc.

Cinnost sekes silniéni tunely
Activity of the road tunnels section 3/2001 52
Ing. Petr Vozarik

ZPRAVODAJSTV( CESKEHO TUNELARSKEHO KOMITETU ITA/AITES
NEWS SERVICE OF THE CZECH TUNNELLING COMMITTEE ITA/AITES

Redakéni rada na Kaprunu
CtuC editorial board in Kaprun 1/2001 51
Ing. Karel Matzner

Pokyny autorim ke zpiisobu zpracovénl pFispévkd do &asopisu Tunel

Instructions to authors on the rules to be observed

in submitting for tunel magazine 1/2001 52
Ing. Karel Matzner

Pracovni shromézdéni &eského tunelaiského komitétu ITA/AITES
The ITA/AITES Czech Tunnelling Committee’s working session 1/2001 52
Ing. Karel Matzner

Zépis ze zaseddni valného shromazdéni eského tunelaiského komitétu ITAJAITES

Report from session of the general assembly

of the Czech ITA/AITES tunnelling committee 3/2001 53
Ing. Karel Matzner

Informace o ¢innosti pracovni skupiny "Bezpetnost v podzemnich stavbach®

Information about activity of the "Safety

in underground constructions” workgroup 3/2001 65
Dac. Ing. Pave! Pfibyl, CSc.

Ing. Ludvik Saijtar, CSc.

Zasedala pracovni skupina pro stfikany beton
The workgroup for shotcrete was in session 4/2001 52
Ing. Pavel Polak ;

Informace pro &leny CTuK - zépis ze zasedéni pfedsednictva CTuK ITA/AITES

Information for CTuK members -

minutes of the Czech tunneling commitee ITA/AITES 4/2001 53
Ing. Karel Matzner

SPRAVODAJSTVO SLOVENSKEJ TUNELARSKEJ ASOCIACIE ITA/AITES
NEWSLETTER OF THE SLOVAK TUNNELLING ASSOCIATION ITA/AITES

Zilina - Tunely 2001
Zilina - Tunnels 2001 3/2001 56
Ing. Jozef Frankovsky

Konferencia "Podzemné stavebnictvo 2001 Banské stavby, a. s., Prievidza
Conference "Underground construction 2001° Banské stavby, a. s., Prievidza  4/2001 54
Ing. Jozef Frankovsky

KALENDARIUM ITA/AITES
CALENDAR ITA/AITES

KalendaF vybranych mezinarodnich konferenci od 10. 6. 2001 az 17. 4. 2003
Calendar of the selected international conferences (10. 6, 2001 to 17. 4. 2003} 2/2001 56
Ing. Karel Matzner .

JUBILEA
JUBILEES

Ing. Jaroslav Kapusta - Sestdesiatpatrotny
Sixty five years of age of Ing. Jaroslav Kapusta 3/2001 47
Ing. Jozef Frankovsky

75 let firmy Stavebni geologie - geotechnika, a. s.
75 years of the engineering geology - geotechnika Inc. Company 4/2001 48
Doc. Ing. Alexadr Rozsypal, CSc.




INFORMACE
INFORMATION

RUZNE
MISCELLANEOUS

Novinky v knihovng CTuK

Bibliografie &lanka a stati uvefejnénych v Tunelu, &asopisu Ceského tunelafského

News in the CTuC library 4/2001 56 komitétu a Slovenskej tuneldrskej asociacie [TAJAITES v roce 2001
Bibliography of articles published in the journal "Tunel" of the Czech Tunnelling
Ruzné piirucky a publikace Committee and the Slovak Tunnelling Association ITA/AITES
Various manuals and publications 4/2001 56 within the year 2001 1/2001 53
Ing. Pavel Polak
Cesko-polska ediéni dohoda
Czech - Poland publishing agreement 4/2001 56 Jmenny rejstiik autor( a stati éasopisu Tunel
Ing. Karel Matzner Name index of authors of articles published in the Tunel journal
in the year 2000 1/2001 56
Ing. Pavel Polak
JMENNY REJSTRIK AUTORU STATI CASOPISU TUNEL ZA ROK 2001
NAME INDEX OF AUTHORS OF ARTICLES PUBLISHED IN THE TUNEL JOURNAL
IN THE YEAR 2001
Jméno: gislo: strana: dislo: strana:
name: number: page: number: page:
A Mika Vladimir 1/2001 31
Aldorf Josef 4/2001 25 N
Aldorf Josef 4/2001 36
Altmann Jaroslav 1/2001 39 Novak Miroslav 2/2001 34
Novotny Miloslav 172001 43
B Novotny Miloslav 3/2001 43
Novotny Miloslav 4/2001 50
Bartak Jifi 1/2001 8
Barték Jifi 2/2001 14 P
Bierut Jan 4/2001 36
Bolomova Vlasta 2/2001 43 Pelzl Rudolf 4/2001 2
Pokorny Jifi 2/2001 1
D Polak Pavel 1/2001 31
Polak Pavel 1/2001 53
Dédi¢ Petr 3/2001 19 Polak Pavel 1/2001 56
Polak Pavel 4/2001 52
F Pfibyl Pavel 1/2001 19
Pfibyl Pavel 2/2001 53
Fabidn Otakar 1/2001 36 Pfibyl Pavel 3/2001 38
Frankovsky Jozef 3/2001 2 Pribyl Pavel 3/2001 55
Frankovsky Jozef 3/2001 47
Frankovsky Jozef 3/2001 56 R
Frankovsky Jozef 42001 54
Rozsypal Alexandr 3/2001 50
G Rozsypal Alexandr 3/2001 51
Rozsypal Alexandr 4/2001 48
Goller Tomas 1/2001 14
Grafinger Helge 3/2001 34 R
Gramblicka Michal 2/2001 24
Riha Miroslav 2/2001 38
H
S
Hadacové Dana 1/2001 36
Hajek Libor 4/2001 1 Sedlak Jiri 4/2001 12
Havliéek Antonin 4/2001 7 Seidl Viadimir 2/2001 42
Hess Jindfich 1/2001 1 Smolik Jif 1/2001 50
Hrube$ova Eva 4/2001 25 Svoboda Petr 2/2001 28
Hudek JiFi 1/2001 2
[
Ch
Sajtar Ludvik 3/2001 55
Chmelaf Radovan 1/2001 2 Simek Martin 3/2001 34
Siiupérek Richard 1/2001 47
K Stiupérek Richard 3/2001 52
Kapusta Jaroslav 3/2001 1 T
Koneény Petr 1/2001 47
Kovari K. 4/2001 15 Tesar Otakar 2/2000 20
Krajitek Jifi 2/2001 24 Tesar Otakar 3/2000 51
Kraus Karel 4/2001 45
Kupka Miroslav 2/2001 2V
Kyllar Evien 2/2001 10
Vales Vaclav 3/2001 49
L Vieulzoeuf Jaroslav 2/2001 51
Vitek Jan 4/2001 41
Lacina Jan 3/2001 19 Vojtasik Karel 4/2001 25
Lahuta Hynek 4/2001 25 Vozarik Petr 1/2001 49
Lnénicka Petr 2/2001 46 Vozarik Petr 2/2001 85
Vozarik Petr 3/2001 50
M Vozarik Petr 3/2001 52
Vrba Otakar 3/2001 12
Malik Josef 4/2001 31
Maras Michal 1/2001 5 W
Marasova Daniela 1/2001 25
Marik Libor 2/2001 28 Witkovsky Peter 3/2001 8
Marik Libor 3/2001 29
Matzner Karel 1/2001 51 Z
Matzner Kare! 1/2001 52
Matzner Karel 22001 56 Zapletal Ales 4/2001 20
Matzner Karel 3/2001 48 Zévora Karel 2/2001 4
Matzner Karel 3/2001 53 Ziegler Rudolf 4/2001 36
Matzner Karel 4/2001 53 Zlamal Jaromir 1/2001 39
Matzner Karel 4/2001 56 Zlamal Jaromir 3/2001 25
Mihalik Klement 3/2001 8




vINEI ICO '

CONSTRUCTION
FILIALES INTERNATIONALES

r, ™
Stavebni akciova spole¢nost SMP CONSTRUCTION , dfive Stavby mostd Praha, patfi k
tradicnim a nejvétSim dodavatelim mostnich staveb v Ceské republice s padesétiletymi
v tunelovych stavbach a podili se na vystavbé tseku IV.C.1 prazského metra. Tuto Cinnost
hodla SMP CONSTRUCTION, a.s. ddle rozvijet za ucinné podpory majoritniho vlastnika
spolecnosti VINCI CONSTRUCTION S.A.

Visuta ocelova ldvka ptes Labe
mezi Kéranym a Touseni

SMP CONSTRUCTION, a.s, je plné certifikovan pro vSechny provadéné prace
technologickych procesii 45.11,45.213 a 45.23 podle CSN EN 1SO 9001:2001. Jedna
se 0 demolice, mosty,beton,vozovky,protihlukové stény a hloubené tunely.

AL

Divize 87 spoleCnosti je LW
certifikovana pro vyrobu,
dilenskou a  staveniStni :
montaz ocelovych konstrukci -
dle CSN EN 1SO 9002 a dle &
velkého prikazu zpisobilosti

CD.

4 ' _. T - . ' . . r
§& -  Sgire
1 £ - . i : 4
\ Vystavba hloubenych tunelt metra IV.C.1 u stanice Ladvi 'i \

\ Spolecnost je v procesu certifikace i dle CSN EN 1SO 14001 (EMS) z
- hlediska ochrany Zivotniho prostredr.
Spgleénost ma centralni akreditovanou laboratof a tfi laboratofe
Zpusobilé k vykonu ¢innosti MOSCR

ST

SMP CONsY HUCTION
SMP CONSTRUCTION,a.s., Na Florenci 1413/33, 113 16 Praha 1, tel.02/24812206, fax 02/2325292, e-mail: jech@smp.cz, www.smp.cz

Vystavba hloubenych tunelé metra IV.C.1 navazujicich na stanici NadraZi HoleSovice



] VOKD, akciova spolecnost
(&) NAkladni ul. T
-U' 702 00 Ostrava - Moravskd Ostrava

akciova spolecnost

—

el..  +420-69-66 99 111
ox: +420-69-611 81 20
-mail: sprava@vokd.cz

www.vok

m

VOKD, a. s., patfi k nejvétsim a nejzndméjsim
stavebnim spole&nostem v Ceské republice
50 let zkuSenosti s povichovou stavebni ¢innosti

tfunely
vétraci Sachty pro tunely
kolektory

podzemni gardze

VOKD is one of the largest and best-known
construction companies in Czech Republic
50 years of experience with underground construction
tunnels . < =
winding shafts
collectors
underground parking




