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Vazeni ¢tenéfi,
vazeni kolegové!

Nejprve bych chtél jménem akciové spole¢nosti Vodni stavby vyjadfit
potéSeni, ze mGZeme oslovit vechny Ctenafe Casopisu Tunel, at' patff
k odborné vefejnosti nebo k zastupciim statni &i méstské spravy. Jsme radi,
Ze prostrednictvim Casopisu mizeme informovat a pozdravit nejen ¢eské,
ale i zahranicni kolegy a pfiznivce podzemniho stavitelstvi.

O rostoucim vyznamu vyuziti podzemi pro rozvoj spoleénosti neni nutné
v tomto Casopise piesvédtovat. Podzemni stavby siouZily a mohou slouzit
potfebam lidi, i kdyZz bychom radi z tohoto konstatovani vynechali ty pfipa-
dy, kdy je podzemi vyuZivano spiSe v rozporu s pozitivnim smérem rozvoje
civilizace.

Je v8ak vhodné pfipomenout, a moznad i ob¢as opakovat, nékolik
aspekt.

Predevsim je to skute¢nost, Ze v urbanizovanych oblastech (mésta, mést-
ské aglomerace i obce) dosahlo vyuziti podzemi takového stupné, Ze je
nezbytné dalsi rozvoj podfidit planovani a vyuzit pfitom rozvijejici se obor
podzemniho urbanismu. V podzemi nesmime pfipustit chaocs, ktery pak
vede k ztratam ekonomickym, nékdy i k ekologickym $kodam a miize vést
k diskreditaci podzemnich staveb. Diléi pokrok v této oblasti je mozné
zaznamenat. Mésta zpracovavaji generely své podzemni infrastruktury
a chceme vyjadfit pfesvédéeni, Ze soucasti bude sladéni a syntéza jejich
jednotlivych éasti.

Dalsi aspekt je ekologicky pfinos podzemnich staveb, ktery popiraji snad
jenom ekologiéti fundamentalisté. Tisice kilometr(i siti vedenych pod mést-
kou zastavbou, podzemni dopravni stavby a dalsi pfiklady vyuziti podzemi
prokazuiji denné svij ekologicky charakter. Podzemni stavby maji véak také
svilj krajinotvorny pfinos. Prikladem mlZe byt i nasi spolecnosti nedavno
dokon&ena stavba nové piecerpavaci vodni elektramy Stéchovice, ktera je
vlastné celd vestavéna do Sachty hluboké cca 45 m pfimo u biehu feky
Vitavy.

Vodni stavby, a. s. diverzifikovaly vyznamné svou Cinnost. Jiz Iéta stavi-
me primyslové, obéanské a energetické stavby. Jako jsme v poslednim
obdobi rozvinuli svou aktivitu v dopravnim stavitelstvi (koridor Ceskych drah
Dé&¢in - statni hranice), chceme dal rozvijet i své tradiéni aktivity, mezi které
od zaloZeni nasi firmy v roce 1951 patii také podzemni stavby, vétSinou $to-
ly pro inZenyrské sité, ale i prostory pro daldi tcely.

Dé&kujeme v8em svym obchodnim partnerim za spolupraci a prejeme
podzemnimu stavitelstvi nardist investicni aktivity.

Dear readers,
dear colleagues,

First of all, | would like, in the name of the joint-stock company Vodni stav-
by, to express the pleasure that we have the possibility to address all rea-
ders of the Journal TUNEL, let them rank among the professional public or
representatives of the state or municipal administration. We are glad to be
able, through this journal, to inform and to greet not only the Czech coliea-
gues and friends of underground engineering but also the foreign ones.

It is not necessary to stress, in this journal, the increasing importance
concerning the utilization of underground areas for the development of life
conditions. Underground structures served and may serve to human needs,
in spite of the fact, that there exist cases when the underground was used
in contradiction with a positive direction of the civilization development.

But it is suitable to remind, and, may be, sometimes even to repeat seve-
ral aspects.

In the first place, it is the fact that in town-planned areas (towns, conur-
bations and communities) the utilization of the underground achieved such
a degree that it is necessary, for further development to be subject to plan-
ning, and for the developing line of underground town-planning to be utili-
zed. We must not allow any chaos in the underground which then might cau-
se economic losses, sometimes even ecological damages, and which might
even result in discreditation of underground structures. A partial progress
may be noted in this sphere. Towns elaborate general plans of their underg-
round infrastructure, and we want to express our belief, that coordination
and synthesis of individual parts will be the integral part of them. Another
aspect resides in the ecological contribution of underground structures,
which is denied, perhaps, only by ecological fundamentalists. Thousands
kilometres of networks laid under the municipal housing, underground tran-
sport structures and other examples of the underground utilization prove
daily their ecologfcal character. Underground structures, though, have also
their landscape forming contribution. As an example, there can be mentio-
ned the structure of the new pumped storage plant Stéchovice, recently
completed by our company, which is completely built in a shaft, about 45
m deep, just at the bank of the river Vitava.

Vodni stavby, a. s. diversified considerably their activities. Already for
many years this company has been building industrial, civil and power struc-
fures. As we have developed, in the last period, our activity in transport
structures (corridor of the Czech Railways: DéCin - state frontier), we want
fo develop even our traditional activities, among which, from the foundation
of our firm in the year 1951, also underground structures may be ranked, viz.
mostly galleries for engineering networks, but also spaces for other purpo-
ses.

We thank all our business partners for cooperation, and wish the underg-
round engineering an increase of investment activities.

Ing. Jaroslav Kopecky
pfedseda pfedstavenstva a generalni feditel Vodni stavby, a. s.
Chairman of the Board of Directors and General Manager of Vodni stavby, a. s.
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Podzemni stavby patfi k jedné ze zakladnich aktivit firmy Vodni stavby od jeji-
ho vzniku v roce 1951. Tehdy byla firma vytvofena slouéenim nékolika staveb-
nich podnikatelskych subjektl, které pfinesly tradici v hydrotechnickych, vodo-
hospodafskych i primyslovych stavbach - pfedevsim $lo o firmu Lanna a Batovy
stavebni zavody piisobici v jiznich Cechéch, konkrétng v Sezimové Usti.

PODZEMNIi VODNi ELEKTRARNA LIPNO

Hned na zagatku &innosti Vodni stavby vybudovaly mimofadné dilo, které je
nutné pfipomenout i z hlediska vyznamu a rozsahu praci podzemniho charakte-
ru. Jde o vystavbu prvého stupné vltavské pfehradni kaskady, kierym bylo Vodni
dilo Lipno | a . Stavba probihala v letech 1951 az 1960 a na svou dobu $lo
o hydroenergetickou stavbu $pickové evropské Urovné. Zakladem dila byla zem-
ni hraz o kubatufe 272 tis. m?, jeji soucasti u levého bfehu byl gravitaéni betono-
vy blok s funk&nimi objekty (kubatura betonu 58 tis. m). Pfi slozitém zakladani
hraze a tésnéni podlozi musely byt pouZity i ocelové kesony. Tato pomémé mala
hréz diky morfologii terénu (v geologicky ne tak davné dobé zde bylo sladkovodni
jezero) umoznila vytvofit vodni nadrZ s objemem 306 mil. m*,

Jednim z hlavnich Gcell dila byla vyroba elektrické energie. Elektrama byla
vyprojektovana jako podzemni a zpracovavala primérny spad 162 m. Jeji vybu-

Viastni elektrarna je umisténa v podzemni kaverné o velikosti 70 x 21,5 m,
vyska kaverny je 40 m. Byla vyraZena pod ochranou pfedem vybetonované klen-
by parabolického tvaru. Stény hlavni kaverny byly zabezpeéeny ocelovymi kot-
vami, pfi betonazich v podzemi se pouZivala pneumaticka doprava betonu. Pro
piivod vody na dvé Francisovy turbiny byly vyhloubeny dvé svislé tlakové Sach-
ty o vnitinim praméru 4,5 m. K odvodu vody od turbin slouzi odpadni tunel, jehoz
délka je 3,6 km, a je zadstén do vyrovnavaci nadrze Lipno Il u Vy8$iho Brodu.
Stény odpadniho tunelu byly opét kotveny ocelovymi kotvami a ve znac¢né
¢asti byla provedena betonova obezdivka. Pro pfistup do elektrarny slouzi §ikmy
plistupovy tunel podkovitého tvaru o délce 200 m. Oba tunely pfi stavbé
podzemni elekirarny, jejiz nadloZi je 160 m, slouzily pro dopravu materilu i ruba-
niny.

Celkovy objem skalnich vylom0 v podzemi &inil asi 350 tis. m?, pfevazné se
jednalo o vylomy v zulovém masivu. Takto ziskany material byl pfedrcen, roztfi-
dén a vyuZit pro stavbu. Zkusenosti a kvalifikace pracovnikd z této stavby vytvo-
fily potencial, ktery firma Vodni stavby vyuZzila v dalSich letech nejen na hydro-
technickych stavbéch.

TRADICNE RAZENE KANALIZACNi SBERACE

Soubézné se stavbou Lipna se vytvaiela tradice podzemnich staveb zdravot-
né inZenyrského charakteru, kieré posléze vytvofily hlavni Cast aktivit firmy
v podzemnim stavbitelstvi. Slo pfevazné o razené kanalizatni sbérace, které
Vodni stavby realizovaly v Plzni, Karlovych Varech, Sokolové, Mosté a v fadé
dalgich mést. Mimofadny objem téchto staveb byl proveden v hlavnim mésté
Praze, kde se firma podilela i na podzemnich objektech v oblasti Prazského hra-
du.

Nem@zeme nepfipomenout vyraznou osobnost tohoto obdobi, kterou byl ing.
Karel Saffin. Dfive soukromy podnikatel, dal piné svou technickou profesionalitu
i vynikajici lidské vlastnosti ve prospéch rozvoje podzemniho stavitelstvi ve
Vodnich stavbach. Jako vedouci tunelaiského Utvaru vychoval fadu odbornikd,
kief{ pozdéji presli i na stavbu prazského metra (napf. ing. Pavel Janda nebo
stav. Milo§ Kocik).

INTRODUCTION

Underground struciures represent one of the fundamental activities of the firm
Vodni stavby Praha, a.s. from its foundation in the year 1951, Al that lime, the
firm was founded by a merger of several building enterprises which brought tra-
dition and experience in hydrotechnical construction, as well as in building water
siructures and industrial ones - in the first place it concerned the firm Lanna and
Bata Building Works, working in southern Bohemia, particularly in Sezimovo Usti.

UNDERGROUND HYDRO-ELECTRIC POWER PLANT LIPNO

Just at the beginning of their activities, Vodni stavby construcled an exlraordina-
ry work which must be reminded even with respect to the importance and extent of
works of underground character. It concerned the 1st stage of the Vitava cascade
of dams, which was represented by the Water Work Lipno | and Il. The constructi-
on was carried out within the years 1951 up to 1969, and with respect to that time,
it was a hydro-electric power structure of a top European level. The main part of the
structure, that was an earthen dam of 272 000 cub.m, and a gravity concrete block,
situated at the left bank, with function rooms and equipment (59 000 cub.m of conc-
rete) was also a part of the dam. When performing complicated works concerning
the dam foundation and sealing of the subsurface, even steel caissons had to be
applied. This relatively small dam, due to the terrain morphology (before a not long
time ago, from the geological point of view, a fresh-water lake was there) enabled
to form a water dam, having the capacity of 306 mil. cub.m.

One of the main reasons of the work was to produce electric power. A hydro-
electric power plant was designed as an underground one, the mean gradient
head of which was equal to 162 m. Its construction was one of the most exacting
parts of the project (see Fig. 1).

The power plant proper is situated in an underground cavern, of dimensions
70 x 21.5 m, the height of the cavern is 40 m, It was driven under protection of
a parabolic concrete vault, concreted in advance. Walls of the main cavern were
supported by means of steel anchors. When performing concreting works in the
underground, pneumatic transport of concrete was applied. For supplying water
to two Francis turbines, there were excavated two vertical shafts, the internal dia-
meter of which was 4.5 m. For draining water from turbines there is applied a tail-
race tunnel the length of which is 3.6 km and it enters into the tailwater pond
Lipno Il near Vy3si Brod. Walls of the tailrace tunnel were also anchored by
means of steel anchors, and in a considerable part of this tunnel, a concrete
lining was made. A slanting access tunnel of a horseshoe shape, being
200 m long, serves as an access to the power plant. Both tunnels served for tran-
sporting material and muck during the construction of the underground power
plant, the overburden of which is 160 m thick.

Total volume of the rock excavated in the underground amounted to about
350 000 cub.m. It concerned mostly mining in the granite massif. Malerial oblai-
ned in such the way was crushed, assorled and used for the construction.
Experience and qualification of workers gained at this construction formed
a potential which was utilized by the firm Vodni stavby in next years in further
structures, not only in hydrotechnical ones.

COLLECTION SEWERS DRIVEN IN A TRADITIONAL WAY

Simultaneously with the Lipno structure, there was formed a tradition of
underground structures of a sanitary-engineering character which, at last, repre-
sented the main activities of the firm in the underground engineering. It concer-
ned mostly driven sewers, realized by Vodni stavby Praha at Pilsen, Karlovy
Vary, Sokolov, Most and at many other towns. The most part of the said works
was realized in Prague, where the firm took part even in underground works in
the area of the Prague Castle.

The significant person of the said period, Ing. Karel Saffin, must be reminded.
Formerly a private entrepreneur, he provided fully his technical professionality
and excellent human qualities to the benefit of the development of the underg-
round engineering in Vodni stavby. As a head of the tunnelling section, he edu-
cated many experts who later became constructors of the Prague Metro (e.g.
Ing. Pavel Janda or Milo$ KoCik).
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Obr. 1
Podélny fez podzemni vodni elekiramou Lipno
Longitudinal section of the Lipno underground hydro-electric power plant

V suchu £ Ve spodni vodé
In dry ground G Below the underground water
wn
o
x o
Y, P S Tunelovaci ram
e st V.. 10x2 cm
ey T N Frame of tunnelig
Obalovany 77 L7777 AN, Viclass Obr. 3
beton BC =77~ o SH Wz ?’-_’tf 3 Kanalizace Modfany II.A - protlatovaci souprava PS 1650 v téZni $achté
Concrete AN T BR, "a_»: Sewerage Modfany I.A, pipe jacking equipment PS IL.A) in the hauling shaft
e b B e
AT - NN
WA | ¢ =
A ; i StyCna spara____
il | i segmentd tésnéna -
8 3 gl . : samovulkanizaéni
1 - ol | - I paskou
= 2. & Contact of
—y —— -5 concrete segment
2 12 cm : 3x25cm of sealing tape
3x25cm i = ostranini
N { kameninova
v\ @ - viozka
74 i” Side poftery
‘-;_ ) ‘' pipe conection
Podbetonovani 1\ X 5
Zlabu Bf k3
Concrete T Kameninovy ab Vi
under the pottery "‘,j"' ;' Groove of bbttery
P Betonova deska Bf ~—=
Drenazni Stérk e — Concrete plate Segment z prostého betonu B30~
Gravel of drainage : Segment of concrete
Obr. 4
Obr. 2 Priény fez Stolou DN 1 200 mm razenou ministitem REES
Zdéna stoka V. tF. v tunelu profil 100 x 175 mm (dvoupdasova) Cross section of the gallery DN 1 200 mm driven by means of
Prague standards - cross section of an oviform bricked sewer the minishield REES
Pod vedenim ing. Saffina se v Praze realizovaly sbéra¢e v Hostivafi, Under the management of Ing. Saffin, sewers in Hostivar, Strasnice (for the

Stradnicich (pro sidlisté Solidarita) a fada dalsich, z nichZ pfipomeneme razeny  housing estate Solidarita) and other were realized, of which the driven sewer at
sbéra¢ ve Vysotanech. Zde bylo nutné projit velmi nepfiznivymi geotechnickymi  Vysocany is to be reminded. It was necessary to pass there through very unfa-
podminkami, které tvofily zvodn&lé naplavy feky Rokytky. Razba probihala pii ~ Vourable geotechnical conditions which were represented by water bearing
piném pazeni Gelby, mezery mezi pazinami byly tésnény devitou vinou a jako deposits formed by the river Rokytka. The driving was performed with a full face

. e M ) . ) . bracing, gaps between the lagging boards were sealed by means of a wood
ramy byly pouzity do potrebného tvaru ohnuté kolejnice. Profil byl pro takové  yoo) ‘and as frames there were applied rails bent o a needed shape. For such
podminky znacné velky - pfes 10 m*. conditions, the profile was considerably large - over 10 sq.m.
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Bylo to obdobi profesné femesiného umu razi¢l i kanalizaénich zedniku.
Raziéi uméli projit i tekutymi pisky (injektaZe jeété neexistovaly) a zednici vyzdi-
vali vejcité profily sbéracii i daisi objekty - jako byly spojné komory, destové
oddélovade a $achty, které nepostradaji ani ur€itou estetickou Uroveri, V Praze
byly tehdy zakladnim technickym pfedpisem pro vystavbu stokové sité tzv.
Prazské normalie, vydané PraZskou kanalizaci a vodnimi toky. Byly postaveny
na dlouholeté zkugenosti z razeni stok, kde se jako provizorni osténi pro razbu
pouzivaly ploché ocelové rdmy v kombinaci s dfevénymi pazinami. V kombinaci
s vejGitym tvarem zdéné stoky $lo o maximalné ekonomicky pomér vyrubu a prl-
toéného profilu (viz obr. €. 2).

Takto byla jesté v roce 1976 realizovana kmenova stoka na kanalizaci
Modiany I. A, jejiz délka byla 900 m pfi spadu 1,2 promile. Plocha vyrubu asi
5 m?, plochy ram €. 1X prazského normalu, zdéna vejcitd stoka z kanaliza¢nich
cihel z Horni Bfizy. Razba probihala v Udolni terase Vltavy, prochazelo se $tér-
kopisky r(izné zrnitosti | navazkami s ¢lenénim ¢elby. Po jednom z pfivalovych
destl bylo vplaveno do toly mezerami mezi pazinami asi 8 m® jemného pisku.

PROTLACOVANI ZELEZOBETONOVYCH TRUB

Na pokradovani této stavby, kterou byla kanalizace Modfany II. A, se jiz pro-
jevila snaha vnaget do podzemnich staveb u Vodnich staveb nové prvky. Zna¢na
¢ast tohoto sbérace se provadéla protlatovanim zelezobetonovych trub DN 1650
pomoci protladovaci soupravy vlastni konstrukce PS 1650 (viz obr. 3) - pozdéji
PS 1700 pro kvalitngjsi protla¢ovaci trouby DN 1700 mm. Kruhovy profil protla-
¢ovaného shérage byl dopinén zdénou kynetou s kameninovym Zzlabkem
a Satovskou dlazbou. Touto technologii byla provedena fada staveb a podchodd
Zeleznic nebo komunikaci a pozdéji i vystavba kanalizaéniho sbérace Louny.
Obtiznosti této stavby byly maly spad, soubéh a v podstaté razba pod z&klady
historickych zdi méstského opevnéni, v dlisledku nedostatku mista razba po spa-
du i v protispadu a velkd vzdalenost téZnich Sachet (az 145 m - protlatovani se
podatilo zvladnout pomoci bentonitové mazaci injektaze). Navic trasa leZela ve
svazitém bfehu feky Ohfe.

Vyvinuta a nasazena do provozu byla i protlaovaci souprava PS 1200 pro
Zebezobetonové trouby DN 1200 mm.

MINISTIT REES

Zajimavym predchidcem protlacovacich souprav byl Vodnimi stavbami
v Anglii v roce 1973 zakoupeny ministit REES. Jeho pomoci bylo mozno budo-
vat kanalizaéni sbérace nebo kolektory pro jind média éi vedeni o vnitfnim profi-
lu 1200 mm. Vlastni &tit mél profil 1400 mm a pod jeho ochranou se montovalo
definitivni osténi ze tii segmentl z prostého betonu o délce 600 mm a tloustce
stény 80 mm. Vznikly nadvylom se zafoukdval katirkem o zrnitosti 8 mm
anasledné se provadéla otvory v segmentech vyplfiova injektaz. Rozpojovani na
¢elbé probihalo ru¢né, stejné tak i montaz titkloubového segmentového osténi,

Obr. 5
Zdény Usek Usti sbérace v Mladé Boleslavi
Bricked section of the sewer mouth in Mlada Boleslav

It was the time of professional skill of miners and sewer bricklayers. The
miners were able to ge through even if it concerned running sand (no grouting at
all existed) and bricklayers built in bricks oviform profiles of sewers and other
structures - such as connecting chambers, storm overflow chambers and shafls,
which also have a certain aesthetic level. The main technical reguiation for a con-
struction of a sewerage network at that time in Prague were represented by s0
called Prague standards, issued by the Prague Waste Water company. They
were based on a long lerm experience gained at driving sewers, where flat ste-
&l frames, in combination with timber lagging, were applied as provisional lining
for driving. In combination with an oviform bricked sewer, it was the maximum
economic relation of the excavation and of the profile capacily (see Fig. No. 2).

Even in the year 1976, the tiunk sewer of the sewerage of Modfany 1A, the
length of which was about 900 m and its down grade 1.2 % was reconstructed
in this way. The area of the excavation face was abou! 5 sq.m., the flat frame No.
IX corresponded to the Prague Standard, bricked oviform sewer was made from
sewerage bricks from Homi Bfiza. The excavation took place in the valley terra-
ce of the river Vltava, the line passed through gravel-sands of various grains and
even through made-up grounds with dividing the face. After one of very strong
storms, about 8 cub.m of fine sand penelrated into the gallery through gaps bel-
ween the lagging boards.

REINFORCED CONCRETE PIPES JACKING

When continuing in said construction, viz. the sewerage of Modfany 1A, the-
re appeared an effort to apply new elements as to underground structures of
Vodni stavby Praha. A considerable part of this sewer was carried out by jacking
of reinforced concrete pipes DN 1650 by means of a pipe jacking equipment of
an own design PS 1650 (see Fig. 3) - later PS 1700 for pipes DN 1700 mm of
higher quality. The round profile of a jacked sewer was completed with an invert
in brick, provided with a stoneware groove and the Satov-made pavement. This
technology was applied at many constructions and underpasses of railways or
roads, and later also at the sewer Louny. Problems of this construction resided
in a small slope, and in the excavation carried out under foundations of historical
walls of the municipal fortification, in an insufficient space, in excavation both
down the slope and up the slope due to the lack of room, and in a large distan-
ce of hauling shafts (up to 145 m - the jacking was successfully carried out by
means of a bentonite lubrication grouting). Besides that, the line was situated in
a sloping bank of the river Ohre.

Even a pipe jacking equipment PS 1200 for reinforced pipes DN 1200 mm was
developed and set into operation.

MINISHIELD REES

A minishield REES, purchased in the year 1973 by Vodni stavby Praha in
England, was an interesting predecessor of pipe jacking equipment. By means
of it, it was possible to construct sewers or ducts for other media or lines, of the
internal diameter 1200 mm. The shield proper was of the profile 1400 mm and
under its protection there was mounted the final lining made of three segments
of plain concrete, being 600 mm long, and its walls were 80 mm thick. The annu-
lar gap was filled with pebble gravel of 8 mm grain size, blown into that space,
and then, through holes in segments, the back grouting was carried out.




5 8. ROCNIK, ¢&. 3/99

Tunel

jehoz spary byly tésnény samovulkanizaéni paskou, kter4 pomahala i roznést
vodorovné sily pfi posunu $titu (viz obr. 4). Segmenty byly vyrabény v jednodu-
ché formé, av8ak pfi maximalni pé¢i nutné pro dodrZeni povolenych toleranci.
Nejvétsi rozsah praci Stitem Rees byl proveden na stavbé kanalizace
v Benesové.

MECHANIZOVANE STITOVANI

Slozitost a pestrost prazské geologie a z toho vyplavajicich geotechnickych
podminek pro razbu se pIné projevily pfi dal$i snaze o progresi v razbach §tol.
V roce 1972 bylo pfijato rozhodnuti o zavedeni mechanizovaného razeni stol,
pfedevaim kanalizaCnich, v kombinaci s protlagovanim kvalitnich zelezobetono-
vych trub z betonu B 40, ktery jiz velmi spolehlivé odolava agresivnimu prostfe-
di stokové sité. ProtoZe v tuzemsku nebyla tato technologie k dispozici a viastni
vyvoj takovychto strojl viibec neprobihal, bylo po vyhodnoceni nabidek evrop-
skych vyrobcll zahajeno jednani s firmou Westfalia Linnen. V roce 1973 byly
predany podklady, které definovaly poZadavky na razici stroj, pficemz diraz byl
poloZen na garanci vykonu v podminkach prazské geologie pfi razbé ve skalnim
podlozi. Firma Westfalia Linnen nabidla dodavku celoprofilového raziciho $titu
osazeného valivymi disky z tvrdokovu o vnéjgim priméru 2070 mm, za kterym
mély byt zatladovany Zelezobetonové protlakové trouby DN 1700 mm o tloustte
stény 150 mm spojované na ocelovy prstenec tésnény gumovymi profilovanym
krouzky. Protlacovaci stanice byla také soucasti nabidky, rovnéz tak systém
mazaci bentonitové injektaze a doprava rubaniny v zatlatovanych troubéch od
$titu do t82ni Sachty. Rizeni titu zajistoval systém naklanéni razicf hlavy, potieb-
né Udaje o poloze &titu strojmistr ziskaval na dvou ter¢ich, na které dopadal lase-
rovy paprsek.

Smlouva byla podepsana véetné garantovanych vykonovych parametr(, stroj-
ni sestava byla doddna a nasazena v roce 1974 na stavbé kanaliza&niho shéra-
¢e K 8 v Praze 4 - Pisnici. Razba probihala v prazském algonkiu, tedy v pomér-
né tvrdych bfidlicich, pro které je ovdem charakteristicka rlizna hloubka procesu
zvétrani a navic jsou €asto tektonicky poruené s cetnymi plochami diskontuit.
Pevnost zdravych algonkickych bfidlic vedla k velkému opotiebni feznych
nastrojll i celé hlavy &titu, vyména feznych nastrojli byla operace riskantni, pro-
toze pracovnik se nachazel pfed titem v nechranéném prostoru. V mistech, kde
se nachazely zvétralinové produkty, navic zvodnélé, dochéazelo k zabofovani §ti-
tu, &tit se obtizné fidil pfes snahu najit optimalni pfitlak a sklon hlavy. Pokud se
zastihlo pAsmo s vysokym stupném naruseni a s mnoha plochami diskontinuit,
nebylo mozné ani zvétSenim pfitlaku zabranit odtézovani Stérkovité rubaniny,
a tim dochazelo ke kominovani nadlozZi.

Pfes maximalni Usili némeckého dodavatele, ktery postupné vyslal k zajisténi
garantovanych vykon( své 8pickové manudlni i technické pracovniky, nebyly
smluvni podminky spinény a po jednanich, kterd byla samoziejmé slozita, byl
stroj vracen vyrobci. Vysledkem této zkudenosti byla i zména koncepce dalgiho

Obr. 6

Disconnection on the face was cariied out manually, as well as the assembly of
the three-joint segmental lining, the gaps of which were sealed with a self vulca-
nizing strips, which helped to distribute horizontal forces when the shield was
shifted (see Fig. 4). Segments were manufactured in a simple mould, but at the
maximum care which was necessary for keeping allowed tolerances. The maxi-
mum extent of work done by means of the shield Rees was performed when
constructing the sewerage at BeneSov.

MECHANIZED SHIELD HEADING

The intricacy and variability of the Prague geology, and geotechnical conditi-
ons for driving resulting of it, were fully evident when there was an effort, for the
g’aﬂery driving to be more progressive, especially if it concerned sewers, in com-

ination with jacking of quality reinforced concrete pipes macde of concrete B40
which Is reffably resistan! against aggressive environment assisting in sewer net-
works. As stich a technology was not at disposal in inland, and an own develop-
ment of such equipment did not exist, then, after having evaluated offers of
European manufacturers, a negotiation with the firm Westfalia Lunnen was star-
ted. In the year 1973, there were handed over documents which defined requi-
rements as fo boring machines, and the siress was placed on a guarantee of the
output in conditions of the Prague geology, if the driving operations were to be
performed in a rocky bedrock. The firm Weslfalia Lunnen offered a delivery of
a full-face boring machine, provided with disc cutters made of sintered hard
melals, of the external diamelter 2070 mm, behind which there were to be jacked
reinforced concrete pipes DN 1700 mm, wall thickness = 150 mm, joined by
means of a steel ring tightened with profiled rubber gaskel rings. The jacking sta-
tion was also a part of the offer, as well as the system of the lubricating bentoni-
te grouting and muck haulage in pipes being jacked, viz. from the shield to the
hauling shaft. The control of the shield was securad by means of a system for til-
ting the cutterhead, the needed data concerning the shield position were acces-
sible for the operator on two fargets onlto which a laser ray was directed.

The contract was signed inclusive guaranteed oultput parameters, the machi-
ne was delivered and sel into operation in the year 1974 on the building site of
the sewer K 8 in Prague 4 - Pisnice. The excavation was carried out in Prague
Algonkian rocks, i.e. in relatively hard shales, for which, of course, a various
depth of a weathering process is characterized, and, more over, they are often
tectonically disturbed, with many surfaces of discontinuity. The strength of
unfractured Algonkian shales caused a considerable wear of cutting tools and
even of the whole cutterhead. A chan)ge of cutting tools was a risky work, becau-
se the worker was in front of the shield in an unprotecled space. In spaces whe-
re weathered products occurred, more over water saturated, the shield sunk and
it was difficult to control it, in spite of an effort to find the optimum pressure and
the cutter head incline. If a very fractured zone takes place, with many surfaces
of discontinuities, it was not possible, even al an increased pressure, to prevent
the gravel muck from falling out, and in this way chimney cavities in the over-
burden arose.

In spite of the maximum effort of the German supplier, which sent gradually its
top manual and engineering workers for securing the guaranteed output, con-
tractual terms and condilions were not met, and after negotiations which were
complicated, of course, the machine was returned to the manufacturer. A chan-
ge of the conceplion of the further development of a mechanized tunnelling in the
firm Vodni stavby Praha was the result of the said experience. The principle of

Kyneta a Zelezobetonové prefabrikaty osténi sbérade pod ti. Vaclava Klimenta v Mladé Boleslavi
Invert and prefabricated reinforced concrete lining elements under the Véclav Kliment Road in Miada Boleslav
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rozvoje mechanizovaného tunelovani u Vodnich staveb. Podstatou zmény byl
zamér vyuZit razicich mechanismd s frézou na vylozniku, coz se konkrétné pro-
jevilo zakoupenf raziciho stroje Dosco 2MK. Zku$enosti z jeho nasazeni uvadime
nize.

VLIV ROZSIRENEHO DOZORU
STATNI BANSKE SPRAVY

Mezitim celé podzemni stavitelstvi proslo velkymi zménami, které souvisely se
zakonem o rozgifeném dozoru statni banské spravy. Cesky bansky dfad vydal
pfisluéné vyhlasky a stavebni organizace, ale i investofi a projektanti, se museli
prizplisobit. Znamenalo to konec pouzivani "prazskych" plochych ramd, jejichz
Unosnost se nedala staticky prokazat v rozsahu a zpUsobu, jak byly pouzivany,
byl to také konec ministitu REES i delSich protlakl trub DN 1200 mm.

V tomto rdmci bezpecnostnich a provoznich predpist jiz Vodni stavby prova-
dély stavby destovych a splaskovych sbéragu v Dolnich a Hornich Mécholupech
o celkové délce pfes 3 km. Na destovém sbéradi, jehoz definitivni osténi tvofily
Zelezobetonové trouby DN 1650 mm, byla poprvé u firmy pouzita pro zapinéni
prostoru mezi vnéjsim licem trouby a horou s provizovnim osténim samonivelac-
ni popilko-cementova smés s piidanim urcitého mnoZstvi bentonitu. Smés se
vyrabéla pfimo na stavbé v rozplavovadich o objemu 3 m?* zaplavované Useky
byly necelych 100 m dlouhé. B

Zajimavou stavbou byl také podchod pod plavebnim kandlem pro potrubf
vysokotlakého produktovodu. Stavba produktovodu kfizovala feku Vitavu
a nasledné laterdini kanal pobliz obce Luzec nad Vitavou. Razba méla probihat
ve zvodnélych jemnozrnnych piscich, Groven podzemni vody asi 0,5 m pod teré-
nem. Proto byly §achty vybudovany v podzemnich sténéch, kanal byl v plavebni
pfestavce vypuétén, zasypan a z tohoto nasypu se systematicky proinjektovala
zéna budouci razby. Byla provedena klasicky s diini ocelovou vyztuzi véetné
predvrtll pro zajisténi bezpe¢nosti prace.

MODERNIZACE VRTNYCH PRACI VC. MANIPULACE
S RUBANINOU A ZAVEDENI STRIKANEHO BETONU

V roce 1978 aZ 1980 byla realizovena kanaliza¢ni stoka v Mladé Boleslavi.
Stoka o délce asi 1,1 km byla razena z portalu, ktery bylo mozno vytvofit v byva-
1ém lomu pobliz feky Jizery, a probihala ve zdravém piskovcovém masivu v maxi-
maélni hloubce az 30 m pod méstskou zéstavbou. Po dokongenf méla odvést
vodu z destového oddélovage v prostoru U autobusového nadrazi a pozdéji pfi-
vadét odpadni vody na novou ¢istirnu odpadnich vod. Poprvé zde byla nasaze-
na komplexni mechanizace v sestavé - jednolafetovy vitny viz Secoma, nakla-
da¢ na pasovém podvozku Haggloader 9 HR a velkokapacitni viiz na odvoz

Obr. 7

Tlamovy profil kmenové stoky v prostoru prazské zoo
Mouth-shape profile of the main sewer in the area of the Prague zoological garden

the change resided in the intention to utilize driving equipment with a roadhea-
der, which resulted particularly in purchasing a driving machine Dosco 2MK.
Experience gained after its setting into operation are described beneath.

INFLUENCE OF AN EXTENDED INSPECTION
BY THE STATE MINING ADMINISTRATION

In the meantime, the whole underground engineering was subjected to large
changes which were connected with the Act on Extended Inspection by the State
Mining Administration. The Czech Mining Authorily issued respective Decrees,
and building companies, but also clients and designers, had to conform to them.
It was the end of ,Prague” fiat frames, the loadability of which could not be sla-
ticly proved within the extent and way how they were applied. Bul it was also the
end of the minishield REES and of jacking of longer pipes DN 1200 mm.

Within the said safely and operational regulations, Vodni stavby Praha have
already performed constructions of storm sewers and sanitary ones at Doinf
Mécholupy and Horni Méchohfy, the tofal length of which was 3 km. As lo the
storm sewer, the final lining of which was formed by reinforced concrele pipes
DR 1650 mm, there was applied, for the first time at the firm, for filling the annu-
lar space between the carrier pipe and the excavation face with a provisional
lining, a self levelling ash-cement mixture with adding a certain quantity of ben-
tonite. The mixture was produced direclly in saturators of the capacity of 3 cub.m.
The sections being filled were nearly 100 m long.

An underpass under the shipping channel for piping of the high-pressure oil-
product duct, was alsc an interesting structure. The oil-product duct structure
crossed the river Vitava and then it crossed a laleral channel near the communi-
ty LuZec nad Vitavou too. The excavation was lo be performed in water bearing
fine grained sands, the ground water table was about 0.5 m under the surface.
That is why shafts were built under protection of diaphragm walls, the channel
was drained in a shipping break, back filled, and from this embankment the grou-
ting of the future excavation zone was carried out. It was carried out in a classic
way, with a colliery steel arches, inclusive prebores for securing the safety of
WorK.

UP-DATING OF BORING WORKS, INCLUSIVE HANDLING
OF MUCK AND INTRODUCTION OF SHOTCRETE

Within the years 1978 and 1980, there was realized sewerage in Mlada
Boleslav. The sewer in the length of about 1.1 km was driven from a portal which
could be made in a former quarry, near the river Jizera, and it was made in an
undisturbed sandstone massif in the maximum depth up to 30 m under the city
housing. After its completing, it was to drain water from the storm overflow cham-
ber in the area near the buss station and then to supply sewage into a new sewa-
ge treatment plant, For the first time there was set into operation a complex
mechanization in the following combination: single boom drilling set Secoma,
loader on a caterpillar undercarriage Haggloader 9 HR and a large capacity lor-
ry Hédgglunds for transporting muck. Except the mouth of the sewer at the portal
(see Fig. 5) where a retention tank was consiructed at the end of the constructi-
on, the final lining was made of shotcrete. In places with a thinner overburden,
and where the massif quality deteriorated, shotcrete was reinforced with a wel-
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rubaniny Hagglunds. S vyjimkou Usti stoky u portalu (viz obr. 5), kde byla v zavé-
ru stavby vybudovana retenéni nadrz, bylo definitivni osténi tvofeno stfikanym
betonem, v mistech snizeného nadlozi a zhorSené kvality masivu byl stitkany
beton vyztuzen siti. Spodni ¢ast sbérace tvofila kyneta s boénimi pochozimi plo-
chami. Byl tak vyuZit cely raZzeny profil jako retenéni prostor pro pfivalové priito-
ky.

Metoda "drill and blast" a stejné strojni sestava (vriny viiz Secoma, naklada¢
a velkokapacitni vz o lozném prostoru 9 m?) byly pouZity pfi realizaci pfivadéce
priamyslové vody pro teplarnu v Trmicich u Usti nad Labem. Pro dvé ocelova
potrubi (DN 500 a DN 700), kterd vychazela z erpaci stanice na bfehu Labe,
bylo nutné vyrazit podchod pod pobfeZni komunikaci a Zeleznici v déice asi 70
m a pfedevsim 800 m dlouhou Stolu ve vulkanicky vzniklém vrchu Vétruse.
Maximalni nadlozZi ¢inilo 80 m a razba probilhala v ¢edici a ¢ediCovych tufech.
Hlavni Stola se razila z portalu ve sméru od Trmic, prvnich 70 m prochazelo stér-
kopisky, na opacném konci se odekaval obtizny prichod Cedi¢ovymi sutémi. Po
provedeni zarazky do &edi¢ového masivu bylo moZno razit vétsinou bez provi-
zorni vystroje a jako definitivni osténi provést pouze stifkany beton. Vzrostly
ovéem obtiZe s vrtnymi pracemi, vrtny viiz Secoma pro vrtani v ¢edici o pevnos-
ti 35 az 40 Mpa se ukazal jako slaby, nedostate¢né robustni a byl posléze nahra-
zen vrtnym vozem VV 4. Ten byl nejprve osazen vrinymi kladivy ruské proveni-
ence, které také plné nevyhovovaly a byly nahrazeny kladivy VK 45 (vyrobce
Permon KFivoklat v licenci fy. Tamrock). Kdyz se ve staniceni asi 650 m pfeslo
do Cedicovych tufl, stabilita vyrubu se zhorSila, stejné tak i vrtatelnost. Obecné
se nejlépe osveédCily jednobfitové korunky a monobloky Svédského vyrobce
(Fagersta). V ¢edi¢ovych tufech doslo i k vykominovani, a tim k zavalu asi 30 m?
horninou $térkovitého charakteru. Jako provizorni vystroj se v mistech se snize-
nou stabilitou pouZivala diini ocelova vystroj - ram ¢. 00 - 0 - 09.

Stola razen4 od Labe (délka 70 m) prochazela navazkami, §térkopiskem Gdol-
ni terasy Labe a posléze ¢edi¢ovymi sutémi, ve kterych byla vyhloubena $achta
pro piekonani vyskového rozdilu mezi hlavni $tolou a timto podchodem silnice
a zeleznice. Po dokonceni razeb a definitivniho osténi ze stiikaného betonu byla
provedena betonova deska, do které byly osazeny kolejnice pro montazni a ser-
visni dopravu, ve fazi dokonéovani stavby slouzila tato drazka pro dopravu oce-
lovych trub na misto montaze.

PRSTENCOVA METODA A RAZBA FREZOU
NA VYLOZNIKU

Pokragovanim vystavby kanalizace v Mladé Boleslavi byl razeny sbéra¢ pod
Tridou Véclava Klimenta. Razba probihala opét v piskovcovém masivu avak
v postatné mensi hloubce a kvalita masivu i blizkost dalsich inZzenyrskych sitf
vyluovaly pouziti trhacich praci. Proto zde byla nejprve na 50 metrovém Useku
a pozdéji na dal$im Useku délky 630 m nasazena technologie nedestruktivni raz-
by pomoci frézy na vylozniku Dosco 2MK. Soucasné bylo definitivni osténi budo-
vano prstencovou metodou. Osténi tvorily tfi prefabrikované segmenty, dva
spodni byly osazovany do prefabrikovanych patek, spojeni patek a segmentl
tvofily ocelové try. Klenbovy segment byl v rozich fixovan ocelovymi prvky.
Prostor mezi prstencem osténi a horou byl z ¢ela zapInén stiikanym betonem.
Posledni operaci tvofilo vybudovani kynety a $achet (viz obr. 8).

Tato metoda razby i budovani definitivniho osténi byla pouzita také na 1. stav-
bé Levobiezniho kunratického sbérade v Praze 4. Sbéra¢ byl dlouhy asi 3,8 km
a byl budovan od roku 1984. Geotechnické podminky odpovidaly prazské geolo-
gii, byly tedy podstatné nepfiznivéj$i nez v Miadé Boleslavi. V podstatné vétsi
mife, nez se predpokladalo, muselo byt pouZito provizorni osténi z duini ocelové
vystroje ¢. 00 - 0 - 11 B. Kromé nedestruktivhich razeb frézami Dosco 2MK
a Alpine AM 50 byly od S 6 pouzity i trhaci prace, vriné prace provadél vriny viiz
VV 2. Trasa sbérace zahrnovala i Useky se znanym nadlozim, proto spadisté
a vstupni $achty byly zajimavé technicky feSeny (vstupni Sachty véetné prefabri-
kovanych to€itych schodist).

V letech 1988 az 1993 byl postupné budovan sbéraé CD v Praze 4-
Kunraticich. Délka sbérace byla 850 m a byl razen v algonkickych bridlicich
pomoci frézy na vylozniku Dosco 2MK. Pievazné lo o navétralé polohy, v pfi-
padé vyskytu zdravych bfidlic byla jejich pevnost na hranici moznosti rozpojova-
ciho nastroje. Provizorni osténi tvofily ramy dlini ocelové vystroje ¢, 00 -0 - 8
a 00 - 0 -9 s paZzinami Union. Jednalo se o oddilnou kanalizaci, do $toly byly nej-
prve ulozeny kameninové trouby DN 600 pro odvedeni splaskovych vod a po
jejich obetonovani Zelezobetonové protlakové trouby DN 1200 z kvalitniho beto-
nu B 35. Toto uspofadani vyZadovalo mimofadné feseni vstupnich Sachet, kde
mimo dvou vstuptl do jednotlivych kanalizaci poZadoval provozovatel jesté tiet
vstup, ktery slouzi pro vétrani a (drzbu.

ZAVEDENI NOVE RAKOUSKE TUNELOVACI METODY

Posledni obdobi rozvoje podzemnich praci u a. s. Vodni stavby je zaméfeno
na vyuZziti nové rakouské tunelovaci metody pii provadéni stol. Poprvé se tak sta-
lo na prvni stavbé Nové &istirny odpadnich vod pro Prahu, ktera ovéem zatim

ded mesh. The lower part of the sewer was formed by a trough with side walking
surfaces. In this way, the whole driven profile was utilized as a retention space
for storm flows.

The drill and blast methods and the same machine set (i.e. the drill rig Secoma,
loader and a large capacily lorry of the capaeily of 9 cub.m) were applied for rea-
lizing an industnal water conveyance tunnel for a heating plant in Trmice, near Usti
nad Labem. For two steel pipings (DN 500 and DN 700) which went out of the
pumping station on the bank of the river Labe, it was necessary lo excavate an
underpass under the road and under the railway, in the length of about 70 m, and
in the first place a gallery, 800 m long, in the hill Vétruse which is of a vulcanic ori-
gin. The maximum overburden achieved 80 m and the excavation was carried out
in basalt and basaltic tuffs. The main gallery was driven from the portal in the direc-
tion from Trmice. In the first 70 m, there were gravelsands, and at the opposite end
there was expected a difficult passage through basalt debris. After having started
the excavation in the basalt massif, it was possible to perform the driving operati-
ons without a provisional support, and to use only shotcrete as a final lining. Of
course, difficulties with excavation works increased. The drill rig Secoma was not
strong enough for boring in basalt of strength equal to 35 to 40 Mpa, it was not suf-
ficiently rugged and it had to be replaced with a drilling rig VV 4. The said drill set
was in the first place provided with drilling hammers of Russian origin, which were
also not fully convenient and they were replaced with hammers VK 45 (manufac-
turer; Permon Krivokiat in the licence of the firm Tamrock). If, after about 650 m,
the excavation work entered basaltic tuffs, the excavation stability worsened, as
well as the drilling ability. Generally, single blade bits and monoblocks of the
Sweden manufacturer (Fagersta) proved to be the best. Cave-ins occurred even
in basaltic tuffs and that is why a break-of of a gravel character rock amounting to
30 cub.m arose. As a provisional support, in places of a decreased stability, there
were applied colliery steel frames No. 00-0-09.

A gallery driven from the river Labe (70 m long) passed through made-up-
grounds, gravelsand of a Labe valley terrace and at last through basalt debris in
which a shaft was excavated, that the height difference between the main galle-
ry and this underpass under the road and railway may be overcome. After exca-
vations and final lining made of shoicrete had been completed, a concrete slab
was made onto which rails for an installatio/service transport were fixed. In the
stage of completing the construction, the said track served for transporting steel
pipes onto the assembly site.

RING METHOD AND DRIVING BY MEANS
OF A ROADHEADER

A continuation of the sewerage construction in Mlada Boleslav was characte-
rized by a driven sewer under the Trida Vaclava Klimenta. The excavation was
carried out again in a sandstone massif, but in a considerably lower depth. The
quality of the massif and the neighbourhood of further engineering networks exc-
luded the possibility of blasting. That is why first on a 50 m long section and then
on a further section, 630 m long, the technique of an non-destructive excavation
was applied, viz. by means of a roadheader Dosco 2MK. Simultaneously the final
lining was constructed by means of a ring method. The lining was formed by
three prefabricated segments. Two lower segments were seated in prefabricated
footings, the footings and segments were joined by means of steel pins. The
vault segment was fixed in corners by means of steel elements. The space bet-
ween the lining and the rock was filled with shotcrete sprayed from the tunnel
face. The construction of the invert and shafts (see Fig. 6), was the last operati-
on.

This method of excavation and construction of the final lining was also appli-
ed for the 1st construction of the left bank Kunratice collection sewer in Prague
4. The sewer was about 3.8 km long and constructed from the year 1964.
Geotechnical conditions corresponded to the Prague geology, so they were con-
siderably more inconvenient than in Miadé Boleslav. Provisional lining made of
steel arches No. 00-0-lIB had to be applied in a considerably larger extent than
it was supposed. Besides non-destruclive excavation, by means of roadheaders
Dosco 2MK and Alpine AM 50, there was applied from the shaft S 6 even blas-
ting. Drilling was carried out by means of the drill rig VV 2. The sewer route com-
prised even sections with a considerable overburden and that is why a drop shaft
and entrance shafts were solved in an interesting technical way (entrance shafts,
inclusive spiral staircases).

Within the years 1988 and 1993 there was constructed gradually the sewer
CD in Prague 4-Kunratice. The length of the sewer was 850 m, and it was driven
in Algonkic shales by means of a roadheader Dosco 2MK. It concerned mostly
weathered positions, in case of existence of unfractured shales their strength
was at the output limit of the disintegrating head. Provisional lining was formed
by colliery steel frames No. 00-0-8 and 00-0-9 with Union steel piles. It concer-
ned a separate sewarage sysiem into the gallery there were first installed stone-
ware pipes DN 600 for draining sewage and, after their encasing by concrete,
pipes DN 1200 for jacking, made of concrete of high quality - B 35, were seated,
The said arrangement required an extraordinary arrangement of entry shafts,
where besides Iwo entrances info the individual sewers, the operator required
also the third eniry, serving for ventilation and maintenance.

STARTING OF THE NEW AUSTRIAN TUNNELLING METHOD

The last development period of underground works performed by Vodn/ stav-
by Praha a.s. has been aimed to utilize the New Austrian Tunnelling Method
when excavating galleries. First it was applied when constructing the new sewa-
ge treatment plant for Prague. This construction, though, is not going on, becau-
se the planned removing of the sewage treatment plant from the Trojsky ostrov
(foday it is surrounded by city housing) was postponed to the future. Even the
largest four-arms inverted siphon on a sewerage ever built under a river in the
Czech Republic is a part of the said construction (here it concemns the river
Vitava), as well as the construction of the inverted siphon chambers on both
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nepokracuje, protoze pldnované vymisténi Cistimy z Trojského ostrova (dnes je
vlastné obklopena méstskou zastavbou) bylo odsunuto do budoucnosti. Souéasti
stavby je i nejvétsi kanalizaéni Etyframenna shybka pod fekou v Ceské republi-
ce (zde se jedna o feku Vltavu), dale vybudovani shybkovych komor na obou
bfezich a tlamova stoka prochazejici prazskou zoologickou zahradou (viz obr. 7).
Na jejim konci, v misté kde staval byvaly pavilon Selem, byl vyhlouben portal
a vyrazeno prvnich 40 m budouciho tunelu pro odvedeni odpadnich vod mimo
Prahu s kruhovym priitoénym profilem o priiméru 4,8 m.

Hlavni podzemni soucastf stavby vSak byla cca 1000 m dlouha $tola pro shé-
ra¢ F, ktera se razila pod vinicemi na stranich severné od Trojského zamku (na
vreholu kopcee je kostelik sv. Klary). NadloZi bylo 20 aZ 50 m a jako téZni Sachta
musela byt vyhloubena 40 m hluboka $achta Na Salabce, ktera umoznila napo-
jeni bohnického sbérace. Osténi Sachty bylo pfi hloubeni provadéno betonazi do
kruhové formy. V dubnu r. 1991 byla téZni Sachta v€. rozrdzek dokonéena
a zahajila se razba v obou smérech. Trasa toly prochéazela algonkickymi horni-
nami, které byly tvofeny drobami, drobovitymi bfidlicemi, prachovito-jilovitovymi
a jilovitovymi bridlicemi. V blizkosti se navic nachazela tektonicka hranice algon-
kium-ordovik. Dosah zvétrani mél dosahovat asi 10 m. Pfedpokladalo se, Ze
algonkické horniny budou stfedné aZ silné rozpukény, vétsinou se 3 systémy dis-
kontinuit. Pfesto mélo pfevazné jit, s vyjimkou pasem silné tektonicky poruSe-
nych, o pevné az velmi pevné zdravé horniny bez pfitomnosti vody, ktera se méla
vyskytovat jen ve formé pritokl z puklin.

Projekt pfedpokladal, a tak byla také stavba zahéjena, provizorni osténi tvro-
¥ené daini ocelovou vystroji K 21, ram &. 00 - 0 - 6 s pazinami Union. V této situ-
aci byla posouzena moznost zmény osténi s aplikaci prvkd NRTM, Bylo navrze-
no a po schvaleni i realizovano osténi tvofené stfikanym betonem, svorniky, sitf
a pouze v poruchovych pasmech se poéitalo s plivodnim fedenim. Pfi razeni bylo
pouzivano stfelnych praci s metodou hladkého vyrubu, svorniky klinové délky 1
m (i swelexy dl. 1,5m) v pfistropf a 0,5 m na bocich, sit' o prdméru dratu 6 mm
s oky 100 x 100 mm a vrstva stiikaného betonu 50 mm (v Usecich se snizenou
stabilitou az 100 mm). Tato Uprava vedla ke sniZeni teoretické plochy vyrubu
z a k menéf spotiebé kvalitniho vypliového betonu B 20 (viz obr. 8). Samoziejmé
nedilnou soucasti bylo geotechnické sledovani, provadéni konvergenénich mére-
ni a prabézné vyhodnocovani v¢. okamzité Upravy postupu nebo osténi.

| kdyz skute¢né geotechnické podminky byly horéi nez pfedpoklddané ve. vét-
$iho pfitoku podzemni vody, bylo osténi podle zasad NRTM v rozhodujici délce
trasy Stoly provedeno (viz obr. 9).

Definitivni osténi tvofilo zdivo z keramickych blokl z Postorné a priito¢ny pro-
fil byl kruhovy s pramérem 2400 mm. Pfed jeho realizaci v§ak vyvstal zavazny
problém. Drendznf Ucinek Stoly zplisobil vyraz1y pokles hladiny podzemni vody
a stavebni Gfad uloZil (v novych podminkach ekologického mysleni po roce 1989)
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Obr. 8

Stoka F - plivodni a novy pficny fez

Colection sewer F in Prague - Troja, the original cross section
and the adapted one

banks and a sewer (of a mouth shape in cross section) passing the Prague z00-
logical garden (see Fig. 7). Al its end, in the place where the pavilion of beasts
of prey was situated before, the portal was excavated and first 40 m of the futu-
re tunnel for discharging sewage outside Prague with a passage section diame-
ter of 4.8 m were driven.

The main underground part of the construction, though, was represented by
about 1000 m long gallery for the collection sewer F which was driven under
vineyards, north of the Troja Caslle (the church of St. Kidra is situated on the top
of the hill). The overburden was 20 lo 50 m thick, and as a hauling shaft there
had to be sunk a mining shaff, 40 m deep, named Na Salabce, which enabled
a connection of the Bohnice sewer. The shalt lining was carried oul, during sin-
king the shaft, by concreting behind a round form. In April 1991, the hauling shaft,
inclusive points of attack, was completed and the excavation in both directions
was started. The gallery line passed through algonkic rocks which were formed
by greywackes, greywacke shales, dusi-clay and clayey shales.

More over, in the neighbourhood there took place an Algonkic - Ordovician
tectonic interface, The weathering extent was anticipated to be about 10 m. It
was expected that Algonkic rocks would be fractured meanly, up lo very much,
mostly provided with three systems of discontinuities. In spite of the said facts,
they were to be mostly consolidated up to very consolidated rocks without any
presence of waler, which was to appear only in the form of inflows from cracks.

The design expected, and in this way the consiruction was slarled, a provisio-
nal lining formed by colliery steel supponts K 21, frame No. 00-0-6 with Union
sheet piles. In this situation there was evaluated the possibility of a lining change
with an application of NATM elements. It was designed, and, after having been
approved, realized, the lining formed by shotcrete, rock bolts and welded mesh,
and - only in fault zones - the original solution was taken into consideration. For
excavation there was applied blasting by a method of a smooth excavation, rock
bolts of a wedge length of 1 m (also Swelex rock bolts 1.5 m long) in the arch area
and 0.5 m on sides, a mesh made from 6 mm wire diameter with meshes 100 x
100 mm, and a 50 mm shotcrete layer (in sections of a decreased stability up to
100 mm thick). The said adaptation decreased both the theoretical cross section
area of the excavation, and the consumption of filling concrete of high quality - B20
(see Fig. 8). Of course, the geotechnical monitoring, carrying out of convergency
measurements and running evaluation, inclusive an immediate adaptation of the
work process or of the lining, formed an integral part of the construction.

In spite of the fact that the real geotechnical conditions were worse than the
anticipated ones, inclusive a larger ground water inflow, the lining was carried out
in the decisive length of the gallery alignment according to the principles of the
NATM (see Fig. 9).

The final lining was formed by masonry consisting of ceramic blocks from
Postornd, and the passage profile was circular, with a diameter of 2400 mm.
Before its realization, though, a considerable problem appeared. The drain effect
of the gallery caused a significant decrease of the ground water level, and the
Building Authority ordered (in new conditions of ecological thinking after the year
1989), for the original regime of the ground water to be restored, i.e. for the level
to be raised by 10 to 15 m. When negotiating with public bodies, the attention
was drawn to climatic conditions within last years and also to economically una-

Obr. 9

Stoka F - Praze - Troji - osténi ze stfikaného betonu
Collection sewer F in Prague - Troja, shotcrete lining
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zajistit obnoveni pivodniho rezimu podzemni vody, tedy opétovné zvednuti jeji
hladiny o 10 az 15 m. Pfi jednanich s vefejnopravnimi organy bylo sice pouka-
zovano na klimatické poméry v poslednich letech i na ekonomicky nepfijatelné
naklady spojené s velkym rozsahem injektaznich véjifQ, které by stejné dpiné
nevylou€ily proudéni podél vybudovaného dila. Piesto investor musel piijmout
zavazek drendzni (¢inek Stoly maximainé sniZit, coz se realizovalo zavére¢nym
systematickym uzavirdnim drendzi budovanych pii razbé i proinjektovanim
vybranych mensich dseku $toly.

Pro definitivni osténi to znamenalo, Ze bude vystaveno daleko vétsimu hydro-
statickému tlaku, nez se pfedpokladalo. Sbéra¢ zdény z keramickych bloki, byt
"obaleny" betonem (ov§em s obrovskym mnoZstvim pracovnich spar), nebylo
mozno v téchto souvislostech povazovat za vodotésnou konstrukei. Proto bylo
rozhodnuto provést mezilehlou foliovou izolaci, pro kterou byla vybrana folie
Sikaplan od firmy Sika. Na rozdil od silni¢nich nebo Zelezniénich tunelt, kde foli-
ové tésnéni zabezpeduje odvedeni prosaklé vody do patnich drénll (coz Ize
nazvat "systém destnik"), bylo zde nutné zabalit konstrukci sbérace po celém
obvodu do svarené foliové izolace a vytvoit tzv. "systém ponorka" (dilo je vlast-
né ponofeno do podzemni vody). ZpUsob postupného zdéni a obetonovavani
definitivniho osténi sbéraée do pfedem provedené foliové izolace (nejprve se
zhotovila horni ¢4st, na niz se navafila isolace v pocvé), je neobyéejné narocny
na technologickou kézen pfi véech operacich realizovanych v té dobé ve Stole.
VSechny svary folie byly dvoustopé a byly zkouseny. Navic folie je tvofena dvé-
mi vrstvami, rubovd ma &ernou barvu a licova Zlutou, aby bylo mozné identifiko-
vat pfipadné prirazy nebo trhliny.

Vysledek opatfenii hydroizolace se vyrazné projevil. ReZim podzemni vody se
z vétsi ¢asti podafilo obnovit. Provedend izolace celého Useku dlouhého asi
1000 m v¢. jejiho napojeni na konstrukci $achty Salabka pfispéla zna¢né k vodo-
tésnosti dila, ale zcela bez zavad se ji provést nepodafilo. Ojedinélé prisaky bylo
nutné dotésnit cemento-bentonitovou injektazi.

Zajimosti stavby je i vybudovani dvou komor (rozboéné a spojné) v Useku
mezi Sachtou Salabka a za¢atkem sbérade (u propojeni na sou¢asny sbérad F).
Tyto komory v budoucnosti umozni vybudovani a funkci podzemni retenéni nadr-
Ze na destové vody, které zde budou zadrZeny a po skonéeni destovych pratok
budou odvedeny na ¢istirnu odpadnich vod.

Stavba sbérace F byla zdrojem zkuSenosti, které byly nasledné vyuZzity na dal-
Sich stavbach a v soutasné dobé na stavbé shérace "P" v lokalité Jihozapadniho
Mésta, Reporyj a Chab. O této stavbé pojednévaji dalsi &lanky tohoto Gisla.

Vodni stavby se podilely i na vystavbé kolektoru Centrum v Praze (viz obr. 10)
a mezi Uspésné podzemni stavby lze jisté zafadit i podzemni pfecerpavaci elek-
trarmu Stéchovice.

Obr. 10
Z4bér tézni Sachty na kolektoru Centrum v Praze
Snapshot of the hauling shaft in the utility tunnel Centrum in Prague

ceeptable cosis due to a large extent of grouting fans which, more over, would
not be able to eliminate completely a streaming along the constructed work. In
spite of the said facts, the owner had to take over the obligation to decrease the
drain effect of the gallery to minimum which was realized both by the final syste-
matic closing of drains constructed during the excavation, and by grouting of
selected smaller sections of the gallery.

As fo the final lining it meant that it would be exposed to much higher hydro-
static pressure than it was expected. The sewer made of ceramic blocks, in spi-
te of having been encased by concrete (of course with a very large number of
day joints), could not be considered, under these conditions, as a watertight
structure. That is why it was decided to carry out an intermediate membrane
insulation, for which a Sikaplan membrane of the firm Sika was chosen. In distin-
ction from road funnels or railway ones, where membrane insulation secures col-
lection of leaked water to foot drains (which can be named ,the umbrella sys-
tem"”), it was necessary to wrap the sewer structure allover its circumference into
a welded membrane insulation and to form a so called ,submarine system" (the
structure is in fact plunged in ground water). The way of a gradual bricklaying and
concreting of the final sewer lining into a membrane insulation performed in
advance (in the first place the upper part was made and onto it the floor insula-
tion was welded), is extremely exacting as to the technological discipline at all
operations realized in the gallery at that time. All welds of the membrane were
doubled and they were tested. More over, the membrane is formed by two lay-
ers, the reverse side is black and the face is yellow, so that it would be possible
to identify punctures and cracks if any.

The result of the said measures and even of the hydro-insulation had a con-
siderable effect. The larger part of the ground water regime was successfully res-
tored. The performed insulation of the whole section, about 1000 m long, inclu-
sive its connecting to the structure of the shaft Salabka, improved considerably
the watertightness of the structure, but to carry out it completely without defects,
it was not successful. Some single leaks had to be finish sealed by means of
a cement-bentonite grouting.

A matter of interest of the construction also resides in constructing two cham-
bers (splitting chamber and connecting chamber) in the section between the
shaft Salabka and the beginning of the sewer (at the connection to the existing
sewer F). The said chambers will make it possible to construct, in the future, an
underground retention reservoir for rain water, which water will be retained the-
re, and after the end of rain passages, they will be discharged to the sewage tre-
atment plant.

The construction of the collection sewer F was a source of experience which
were ulilized afterwards on other constructions, and at present they are applied
when constructing the sewer ,P" in the localily of South-Western Town, Repory-
je and Chaby. As lo this structure, other articles of this issue inform of it.

The firm Vodni stavby Praha a.s. took part even in constructing the utility tun-
nel Centrum in Prague (see Fig. 10), and to successful structures there may be
also ranked the underground pumped storage plant Stéchovice.
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POZARY V SILNICNICH TUNELECH
A JEJICH VLIV NA KRIZOVOU ANALYZU

FIRES IN ROAD TUNNELS AND THEIR INFLUENCE
UPON AN ANALYSIS OF A CRISIS

ING. PAVEL PRIBYL, CsC., ELTODO A. S.

Tento piispévek vznikl na zakladé dohody v redakéni radé ¢asopisu Tunel a
mél seznamit tenafe s okolnostmi vzniku poZaru v tunelu Mont Blanc. Mezitim
ovéem hofelo i v tunelu Tauern. Jsou to dvé katastrofy, které nasleduji tésné za
sebou po dlouhém mezidobi, kdy se problémy, v mnohem mensim rozsahu,
vyskytovaly zfidka. Prestoze pfi téchto nehoddch zahynulo méné osob, nez na
dalnicich Francie za tfi dny, je o nich nutné diskutovat. Investofi a dodavatelé
tunelll na pozemnich komunikacich totiz asto fesi morélni dilema, jak tunel
navrhnout a vybavit, aby jeho uZivatelé nebyli vystaveni nepfiméfenému riziku
na jedné strané, a aby se nejednalo o pfetechnizovanou a tedy drahou stavbu,
na strané druhé. Pozary, které se vyskytly v posledni dobé v tunelech budou roz-
hodné diskutovany na narodni i mezinérodni Urovni a budou patrné podnétem
pro zmény nékterych pfedpist.

Z HISTORIE POZARU

Patrné nejreprezentativnéj$i organizaci zabyvajici se technologickym vybave-
nim tuneld a jejich ndslednym provozovanim, véetné analyz krizového manage-
mentu je tunelovd sekce mezinarodni silniéni spole¢nosti P.I.A.R.C. Ta uvefejni-
la v lit. [1] pfehled popisujici poZary do roku 1987:
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Obr. 1
Schématické usporadani vzduchotechniky v tunelu Mont Blanc
Sketchy arrangement of ventilation in the Mont Blanc tunnel

This article was elaborated on the basis of an agreement at the meeting of the
Board of Editors of the journal TUNEL, and it may inform readers of circumstan-
ces of a fire rise in the Mont Blanc tunnel. In the meantime, of course, there was
a fire in the Tauern tunnel. That are two catastrophes which follow just one after
the other after a long period, when problems - and of a much smaller extent-took
place seldom. In spile of the fact that on the said occasions died less persons
than on motorways in France within three days, the said calastrophes must be
discussed. Investors and contractors of road tunnels often used to solve a moral
dilemma, how the tunnel is to be designed and equipped that its users may be
not exposed to an unreasonable risk on the one hand, and that, on the other
hand, the construction may not be overtechnized and in this way very expensi-
ve. Fires which appeared in tunnels in the last time will be surely discussed at
the national and international level, and they may be a stimulation for changes of
some regulations.

HISTORY OF FIRES

The Tunnel Section of the International Road Company P1.A.R.C. is, probab-
ly, the most representative organization occupying oneself with a technological
equipment of tunnels and with their following operation, inclusive analyses of the
management of a crisis. The said company published in the bibliography [1]
a survey describing fires till the year 1987:
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Tunel Velsen Nihonzaka |Caldecott | Gotthart Fréjus Guadarrama Tunnel Velsen Nihonzaka | Caldecott | Gotthart Fréjus Guadarrama
Uvedeni Setting
do provozu | 1957 1969 1964 1980 1980 1972 into operation | 1957 1969 1964 1980 1980 1972
Zemé Holandsko |Japonsko  |USA Svycarsko | Francie-Italie | Spanélsko Country Netherlands | Japan USA Switzerland | France-ltaly | Spain
Misto Velsen Shisuoka  [Oakland Gdschenen- | Modane- Guadarrama Place Velsen Shisuoka Qakland Gdschenen- | Modane- Guadarrama
Airolo Bardonecchia Airolo Bardonecchid
Délka [m] 770 2045 1028 16321 12868 3300 Length fm] |770 2045 1028 16321 12668 3300
Pocet trub 2 2 3 1 1 2 No. of fubes |2 2 3 1 1 2
Vzdalenost Distance of
pozéru od fire from
portalu [m]  [500 1625 530 6000 4300 220 portal {m] 500 1625 530 6000 4300 220
Naklad 330001 Role plasiu | Plasty Sudy Load 330001 Roll of Plastic Barr
benzinu pryskyfice of petrof plasts of resin
Pricina Pfedozadni | Pfedozadni |Pfedozadni |PoZar Prevodovka Cause Crash ahead | Crash ahead| Crash ahead | Fire Gear-box
pozéru srazka srazka srazka moloru of fire and behind | and behind | and behind | of engine
Cas do Time till the
zahdjeni putting out
haseni 10 min 40 min 90 min 11 min 8min 70 min a fire started | 10 min. 40 min, 90 min. 11 min, 8 min. 70 min.
Délka haseni |1 hod 20 min|4 dny 2 hod 40 min| 24 min 1 hod 50 min| 2 hod 45 min Time of putting|
out a fire 1°h. 20 min. |4 days 2 h. 40 min. |24 min. 1 h. 50 min, |2 h. 45 min,
Disledky
- lide Smrvych |7 mrivych | 7 mrivych Consequences
5 zranénych |2 zranéni | 2 zranéni - persons 5 dead 7 dead 7 dead
5 injured 2 injured 2 injured
) 20 OV @ 4NY) [76 OV+Y f ’1\‘\123: ORI N NG WY -vehicles  |20°C+4L [179PC+L |3PC+4L [1PC 1pC 1PC
+1bus

-vazné - serious

poskozeni damage of

konstrukce |30 m 1100 m 580 m 30m 200 m 210m the structure | 30 m 1100 m 580 m 30m 200m 210m

Kde OV = osobni vozidio; NV = nakladni vozidlo Tab. 1 where PC = passenger car, L = lorry Tab. 1

Pi bliz8i analyze této tabulky neni mozné vysledovat detailngjsi zavislosti
napf. mezi poétem tunelovych trub a disledky pozaru nebo mezi Casem do zaha-
Lumpur bude ve své pracovni skupiné C5 aktualizovat i otazku pozard v silnic-
nich tunelech.

Pozary byly registrovany i v poslednich létech a to i v tunelech podmofrskych.
V roce 1996 hofelo na francouzské strané Channel tunelu, kdy se vzial néklad-
ni automobil na transportnim vlaku. Posadka i cestuijici opustili bezpe¢né misto
pozaru unikovou chodbou, kterd probiha paralelné s viastnim tunelem. Pres sna-
hu zasahovych jednotek se pozar rozsifil na dal$ich devét vozidel a zplisobil
znaéné 8kody. Hloubka poskozeni betonové obezdivky byla od cca 270 do
400 mm. Maijitelé tunelu byli nuceni prerusit provoz, nebot Skody byly znaéné
a nebylo je mozné opravit za provozu.

PoZér v tunelu Storebaelt vznikl pfi razbé, kdy se vziala TBM. Osadka byla
bezpeéné evakuovana, ale byla zniena &ast oblozZeni a ¢ast stroje. To mélo vliv
na prodlouzeni termind stavby a vy$8i cenu dila. Zaroven se zacala diskutovat
otazka platnosti mezinarodniho standardu 1SO 834 "Fire Resistance Tests -
Elements of Building Construction" a otazka vlastni konstrukce tunelu. Pozarni
odolnost ovliviiuji nejenom materidly (beton, Zelezo), ale i vlastni profil. Navic
jsou v rGznych zemich definovany znaéné odlisné maximalni povrchové teploty,
kterym musi beton odolavat - ve Svycarsku to je 250 °C a v Holandsku podstat-
né vice, 380 °C. Dal§i detaily ke konstrukénim vlastnostem z hlediska pozaru
jsou ve [2], kde je v této souvislosti diskutovana i NRM.

Nékolik mensich pozard vzniklo i v tunelu Mont Blanc. Bé&hem 34 let provozu
se jednalo o 15 pfipadd, z toho dvanactkrat hofely nakladni automobily. Vétsina
z nich byla uhadena ruénimi hasicimi pfistroji. Nehoda z 11. ledna 1990 si
vyzadala vétsi zasah hasiél, pozar byl zlikvidovan po 34 min a vznikly vétsi
materialni Skody. Také byli dva ranéni. Doprava byla zastavena pouze na néko-
lik hodin.

POZAR V TUNELU MONT-BLANC

Tunel byl vybudovan za vzajemné spoluprace Francie a Itdlie a byl otevien v
roce 1965. Jeho délka je celkem 11 600 m. Vétsi ¢ast se nachazf na francouz-

When analyzing this table, it is not possible to find out more detailed depen-
dences e.g. between the number of tunnel tubes and consequences of fire or
between the time from the start of fire till the start of putting out of the fire and the
period of the fire lasting. This year's session of the company in Kuala Lompour
will actualize even the question of fires in tunnels in its working group C5.

Fires were registered even in last years, viz. even in undersea tunnels. In the
year 1996 blazed on the French side of the Channel tunnel, when a lorry caught
fire on a transport train. The crew and passengers left safely the place of fire
through an escape corridor which passes parallelly to the tunnel proper. In spite
of the effort of the rescue units, the fire was spread to further nine vehicles and
caused considerable damages. The damage depth of the concrete lining was
from about 270 to 400 mm. Owners of the tunnel were made to stop the opera-
tion, because damages were large and it was impossible to carry out repairs, if
the operation would continue.

The fire in the tunnel Storebaelt arose during driving operations, when TBM
caught fire. The crew was safely evacuated, but a part of lining and a part of the
engine were damaged. Those facts affected both the deadline of the constructi-
on and the price of the work. At the same time, the discussion concerning both
the question of validity of the international standard ISO 834 ,Fire Resistance
Tests - Elements of Building Construction” and the question of the tunnel struc-
ture proper, started. The fire resistance is affected not only by materials (concre-
te, iron), but also by the profile proper. More over, in various countries maximum
temperatures against which concrete must be resistant, are differently defined:
in Switzerland it is 250 °C and in the Netherlands it is considerably higher, viz.
380°. Further details to constructional properties with respect to a fire are menti-
oned in [2], where, in this connection even NATM is discussed.

Several smaller fires arose even in the Mont Blanc tunnel. During 34 years of
operation it concerned 15 cases, twelve times burnt lorries. Most of them were
extinguished by means of portable extinguishers. An accident dated January 11,
1990, required a larger action of firemen. The fire was extinguished after 34
minutes and larger material damages arose. Two persons were injured. The traf-
fic was stopped only for several hours.

FIRE IN THE MONT BLANC TUNNEL

The tunnel was constructed in a mutual cooperation of France and ltaly and it
was opened in the year 1965. lts total length is 11 600 m. A larger part is situa-
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ském (zemi: 7 640 m, oproti 3 960 m na uzemi ltlie. Tunel je v8ak provozovan
stejnym dilem obéma stranami a kazda strana se tedy stara o 5 800 m tunelu.

Tunel spojuje Udoli Chamonix s Udolim d'Aoste, portal z francouzské strany je
situovan ve vySce 1 274 m, a italsky portal je ve vySce 1 381 m. V tunelu je
vozovka $iroka 7 m, ohrani¢ena dvéma chodniky o §ifi 80 cm. Kazdych 300 m
jsou odstavné plochy umisténé stfidave na kazdé strané vozovky, ocislované ve
smeru Francie-Italie. Konstrukce kazdého druhého vyklenku umoziuje otodeni
kamionu. Na kazdé druhé odstavné plose je mistnost chranéna pozarni prepaz-
kou s pozami odolnosti 2 hodiny. Do mistnosti je vhanén &erstvy vzduch.
Bezpecnostni SOS niky se nachézeji kazdych 100 m, jsou vybavené tladitkem
tisnoveého volani, telefonem a 2 hasicimi pfistroji. Pozarni vyklenky jsou kazdych
150 m a jsou vybaveny hydranty, umoznujici odbér pozarni vody pro hasice.

Polopiiéna ventilace je tvofena étyfmi vzduchovody pro piivod &erstvého
vzduchu a jednim vzduchovodem pro odvod znegi§téného vzduchu, obr. 1.
Vzduchovody jsou umistény pod vozovkou. Ctyli vzduchovody vedou éerstvy
vzduch z kazdého portalu a kazdy z nich zasobuje jednu ¢tvrtinu, tedy cca 1 450
m délky tunelu, prostiednictvim otvord vzdalenych 10 m. Vyfukové otvory jsou
nad vozovkou. Kazdy vzduchovod mliZe piivést celkem az 75 ms" Gerstvého
vzduchu, coz odpovida celkovému maximalnimu pfivodu vzduchu 600 m3s™. Paty
vzduchovod je konstruovany na odsavéani znedidténého vzduchu a na odvod
koufe v pfipadé pozaru. Je schopen odsat 150 m’s" z kazdé poloviny tunelu
sacimi otvory situovanymi ve stropé na drovni odstavnych ploch, ve vzdalenos-
tech 300 m.

V roce 1979 byly provedeny dpravy vzduchotechniky tak, aby se vzduchovo-
dy pro odvod vzduchu mohly pouzivat také pro pfivod erstvého vzduchu, coz
bylo vyuzivano €asto diky velkému podilu kamion(, jejichZ zplodiny vyznamné
snizuji viditelnost (opacita ovzdusi). Piivod &erstvého vzduchu stoupl na 900
m3s-1 pro cely tunel. Znegidtény vzduch je pak vytlaGovéan portaly. Na francouz-
ské strané bylo v roce 1981 vybudovano nové odsavani s kapacitou 450 m?s,
které mélo zabranit pravé unikiim kontaminovaného vzduchu portalem,

V roce 1980, bylo vSech 19 odsavacich otvortl na strané Francie osazeno dal-
kové ovladanymi vzduchovymi klapkami tak, aby mohlo byt sani vyuzivano indi-
vidualné v jakémkoli Useku francouzské poloviny délky tunelu. Co se tyce italské
strany, v roce 1997 namontovala elektrické ventilatory na kazdy z odsavacich
otvord. Tyto ventilatory by mély dovolovat koncentrovat odsavani také do libo-
volného mista. V bfeznu 1999, se provadéla pfejimka této technické tpravy.

DOPRAVNI ZATIZENi A VZNIK POZARU

Tunel byl v poslednich Iétech zatéZovan extrémni kamionovou dopravou.
Roéné zde projelo 780 000 kamiondl. Pred triceti lety platila pro dopravu v tune-
lu velmi pfisna bezpeénostni opatfeni, kdy byla policii velmi strikiné kontrolova-
na nejenom maximalni rychiost 80 km.h", ale i minimélni odstup mezi vozidly,
ktery byl 100 m. Velmi ¢astou pfi¢inou nehod v tunelech, jak vyplyva i z tab. 1,
je pfedozadni naraz, ktery je redukovan pravé dodrZovanim minimalni vzdale-
nosti mezi vozidly. V sou€asnosti véak projizdélo tunelem az 4000 kamiond za
den. Jednalo se o jakysi virtudini vlak, kdy kamiony jely t&sné za sebou nebo se
dokonce predjizdély. Kontrola rychlosti a kontrola dodrzovani vzdalenosti mezi
vozidly se postupné vytratila.

Ve stfedu 23. bfezna 1999 projizdélo mezi 9 a 10 hod. tunelem ve sméru
Francie-ltalie 163 vozidel (85 nakladnich) a ve sméru opaéném 140 vozidel

Smér Francie
Direction: France

Obr. 2

ted in the French territory, viz. 7 640 m, with respect to 3 960m in the territory of
ltaly. The tunnel, though, is operated jointly by both parts and each party looks
after the same part of the tunnel, i.e. 5 800 m.

The tunnel connects the Chamonix Valley and the Aoste valley. The tunnel
portal on the French side is situated in the level of 1 274 m above sea, and the
Italian tunnel portal takes place in the elevation of 1 381 m above sea level. The
roadway in the tunnel is 7 m wide, limited by two pavements, being 80 cm wide.
Each 300 m there are lay-by recesses alternatively on each side of the roadway,
numbered in the direction France - Italy.

The design of every other recessed niche makes it possible for a truck may
turn round. In every other recess is a room protected with a fireproof partition
with a fire resistance of two hours. Fresh air is blown into this room. The SOS
safety recesses take place every 100 m and are provided with a push for emer-
gency signalling, with a telephone set and two fire extinguishers. Fire safely
recesses are made every 150 m and they are provided with fire hydrants making
possible to supply fire water for firemen.

A semi-cross ventilation is formed by four air ducts for blowing fresh air and
with one air duct for exhausting polluted air, Figure 1. The air ducts are situated
under the roadway. Four air ducts supply fresh air from each tunnel portal and
each of them supplies one quarter, i.e. about 1 450 m of the tunnel length by
means of holes in the distance of 10 m. Exhaust holes are placed over the road-
way. Every air duct can supply up to 75 cub.m per sec. of fresh air, which cor-
responds to the total maximum air supply of 600 cub.m per sec. The fifth air duct
is designed for suction of polluted air and for exhausting smoke in case of a fire.
It is able to exhaust 150 cub.m per sec. from each half of the tunnel through suc-
tion holes situated in the ceiling near the lay-bys in the distance of 300 m.

In the year 1979 there were carried adaptations of ventilation in such a way that
air ducts for exhausting air may be applied for supplying fresh air as well, which
was often used because of a high percentage of trucks, the products of combusti-
on of which considerably decrease visibility (opacity of atmosphere). The fresh air
supply was increased up to 900 cub.m per sec. for the whole tunnel.

Poluted air is then pushed out of the tunnel portal. A new exhaust system,
having the capacity of 450 cub.m per sec. which was to protect the portal just
against escapes of contaminated air, was constructed in the year 1981 on the
French side.

In the year 1980, all 19 exhausting holes on the French side were provided
with remote controlled flaps in such a way that the exhaust may be applied indi-
vidually in any section of the French half of the tunnel length. As to the ltalian
part, electric fans have been mounted on every exhaust hole in the year 1997.
The said fans would allow for the exhausting to be concentrated also in any pla-
ce. In March 1999, the said technical adaptation was officially taken over.

TRAFFIC DENSITY AND A FIRE RISE

The tunnel traffic was exposed in the last years to the extreme truck transport.
Within one year 780 000 trucks passed through the tunnel. Very strict safety
measures were valid for the transport in the tunnel thirty years ago. The police
inspected strictly not only the maximum speed of 80 km per hour, but also the
minimum distance between vehicles which was ordered to be 100 m. A very
often cause of accidents in tunnels, as it is also shown in Tab. 1, is a combined
head-on and rear impact, which may be reduced by keeping the minimum distan-
ce between vehicles. At present, up to 4000 trucks passed through the tunnel per
day. It concerned a certain virtual train when trucks drove in close proximity one
after the other, and sometimes they even overtake the other. An inspection of the
speed and distance between vehicles disappeared step by step.

On Wednesday, March 23, 1999, between 9 and 10 a.m. passed through the
tunnel in the direction from France to ltaly 163 vehicles (85 lorries) and in the

Odstavny zaliv 21
Lay-by recess

Smér ltalie
Direction: Italy

Pfedbézné polohy vozidel bezprostfedné po vzniku pozaru. Cisla udavaji osoby nalezené ve vozidlech.
Aproximate position of vehicles inmediately after the fire rise. Numbers indicate persons having been found ot vehicles.
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(73 nékladnich). Podil kamion(l na celkovém poctu vozidel, ktery je na dalnicich
bézné mezi 10 a 30% zde tedy dosahoval v obou smérech 52%.

Belgicky chladirensky kamion nalozeny moukou a tuky projizdél mytem v
10,46 hod., pfigemZ nebyl pozorovan zadny kout. Ridi¢ zpozoroval kouf z navé-
su az v tunelu a zastavil u vyklenku &. 21. Momentalni konfiguraci vozidel v tom-
to okamziku popisuje obr. 2, ze kterého vyplyva, Ze podil nékladnich vozidel je v
daném Useku tunelu dokonce 63%.

Uzavfeni tunelu probéhlo s odstupem jedné minuty na francouzské a italské
strané v 10,55 a 10,56 hod. Prvni informact o extrémni situaci pfedaly do fidici-
ho centra méfice opacity situované pobliz odstavnych zalivii 14 a 18 v 10,52 hod
a témér soucasné byl kouf registrovan na obrazovkach videodohledu.

Tésné pfed uzavfenim tunelu byl z SOS skiiné u odstavného zélivu hlagen
pozar na italsky dispe€ink a v éase 10,57 byl aktivovan tladitkovy hlasi¢ pozaru
u zdlivu 21 a bylo zde zaregistrovano sejmuti hasiciho piistroje. Principy a tech-
nologie elektropozarni signalizace se li§i na italské a francouzské strané.
Zatimco Francouzi pouzivaji liniového hlasi¢e se senzory po osmi metrech, pou-
Zivajl Italové starsi typ signalizace zaloZeny na trubicich délky 70-80m napliné-
nych plynem, u kterych dojde pfi zahiati ke zvySeni tlaku a aktivaci Cidla. Prvni
systém reaguje i na diferencidlni nariist teploty, zatimco druhy pouze na teplotu
absolutni. Pfesto Zadny ze systémi neidentifikoval pozar jako prvnf technické
zafizeni, nebot pii jeho vzniku nebyla teplota rozhodujici. Rozhoduijici byl vyvoj
koufovych zplodin. Pro Gplnost je nutno dodat, Ze elektropoZarni signalizace na
italské strané patrné stejné nefungovala.

PRUBEH POZARU

Pfes velmi rychlou identifikaci pozaru probihaly dal$i akce malo koordinova-
né, fada technickych zafizeni nefungovala a shoda dalsich okolnosti zplsobila,
ze v tunelu zahynulo 42 osob. Typickym pfiikladem je to, Ze motorizovany pfi-
sludnik spravy tunelu v prynich minutdch po vyhlaseni pozaru dojel bez probié-
ml z italské strany k hoficimu kamionu. O nékolik minut pozdéji se vsak jiz
zachranné jednotky z italské strany nemohly zasahnout, nebot se smér hustého
koufe obratil smérem k nim.

Velmi negativné se na likvidaci pozaru podilel ventilaéni systém. Po poplachu
zstaval pfivod ¢erstvého vzduchu na cca 90%. Na francouzské strané bylo
odsavani pfepnuto na plny vykon, zatimco se nepodafilo na italské strané viibec
zadit odsavat po cely pribéh pozaru. Navic teprve nasledna analyza ukaze, jak
se privaddéni cerstvého vzduchu podilelo na rozsifeni pozaru na dal$i vozidla. V
tunelu bylo v dobé pozéru velmi silné podéiné proudént, které rozsifovalo kour a
branilo pistupu zachrannych jednotek. Uginné piiiéné vétrani by jisté tuto situaci
podstatné zlepsilo. Vyhodnocenf bude ztizeno nefunkénimi anemometry.

Svédectvi vypovidaji, Ze se kouf nedrZel ve vrstvé pod stropem tunelu, ale byl
rozptylen po celém profilu tunelu. To podstatné ztizilo Gnik osob a zasah
zachrannych jednotek. Fatalnim fenoménem bylo i to, Ze ze 42 mrivych bylo 32
osob nalezeno ve svych vozidlech. Tito lidé se nejdfive necitili bezprostfedné
ohroZeni a zdstali ve vozidlech v otekdvani vyvoje situace. Jedna se o skutecné
nebezpecny fenomén, ktery bude muset byt zohlednén i v Upravach standard(.

V emotivné ladéném ¢lanku v Paris Match se mluvi o tunelu, jako o stroji na
penize, ktery v roce 1998 mél obrat 802,2 miliont FRF a zisk po zdanéni 45 mili-
ont FRF. V této souvislosti je s podivem, Ze ani na jedné strané nebyl dispecink
vybaven integrovanym systémem, ktery by zaznamenaval vSechny potfebné
provozni informace. Napfiklad neni mozné provést energetickou bilanci jednotli-
vych ventilatorl, ale nezna se ani pozice ventilaénich klapek. Patrné Sestnact ze
Ctyficeti kamer videodohledu nebylo zcela v provozu.

U jednotrubnich dlouhych tunelil je dilezZité poskytnout moznost tiniku ohro-
Zenym osobam unikovou chodbou. Tak je fe$ena fada tunell, napi. Channel
tunel nebo tunel Branisko. Tunel Mont Blanc Unikovou chodbu nema. Ve fran-
couzskych smémicich pro stavbu tuneld se fika, Ze je nutné budovat v pravidel-
nych rozestupech vyklenky s pozari odolnosti fadové hodin, zasobované éer-
stvym vzduchem a/nebo upravit vzduchovod pro piivod Cerstvého vzduchu tak,
aby jej bylo mozné vyuZit pro evakuaci nebo pro ukryti osob.

V roce 1992 byly v tunelu nainstalovany vyklenky pro cca 45 osob, situované
u kazdé druhé odstavné plochy, to znamené kazdych 600 m. Jedna se o prosto-
ry z&sobované Cerstvym vzduchem pfichazejicim ze vzduchovodi ventilace, s
pozarni odolnosti minimalné 2 hod, které jsou propojeny telefonem s fidicim veli-
nem. Tyto vyklenky hraly ddleZitou roli pfi zachrané Zivott hasic, ktefi se anga-
Zovali v tunelu v rdmci zachrany lidskych Zivot. ZvIasté potom vyklenek 17, kde
se schovalo 6 pfislusnikll zasahovych jednotek a ten je chranil pfed toxickym
koufem a horkem trvajicim cca 7 hodin. Stejné tak zachranil lidské Zivoty vykle-
nek 24. OvSem ve vyklenku 20, bohuzel, byly dvé obéti, nebot zde trval pozar
vice nez 50 hod a nenf zde Unikové propojeni na vzduchové kandly. Vyklenek se
stal ohnivou peci, protoze teplota v ohnisku poZaru byla cca 1200 °C. Vyklenky
nebyly propojeny evakuacnimi cestami se vzduchovody patrné proto, Ze by se

opposite direction 140 vehicles (73 lorries). The share of trucks, as to the total
number of vehicles, which usually varies between 10 and 30 per cent, was equal,
at that time in both directions, 52 per cent.

A Belgian cooling truck loaded with flour and fats passed through the tollbo-
oth at 10:46 a.m., and no smoke was seen. The driver saw a smoke going out of
the semi-trailer only in the tunnel and stopped in the lay-by recess No. 21. The
configuration of vehicles at that moment is described on Fig. 2, from which it is
evident that the share of lorries achieved in this section of the tunnel even 63 per
cent. The tunnel was closed within one minute - on the French side at 10:55 and
on the Italian side at 10:56. The first information of the extreme situation was
communicated to the control centre by opacity measuring instruments situated
near lay-by recesses No. 14 and 18 at 10:52 a.m., and nearly at the same time
smoke was registered on screens of the visual inspection.

Just before closing the tunnel, fire was reported from the SOS box near the
lay-by No. 21, and an unloading of an extinguisher was registered there.
Principles and equipment of the electric fire signalling differ on the ltalian side
and French one. While Frenchmen apply line detectors provided with sensors,
placed every eight metres, ltalians apply an older type of signalling, based on
tubes filled with gas, being 70 to 80 m long, in which - after having been heated
- pressure is increased and sensors are activated. The first system reacts even
if a differential temperature increase takes place, while the other one takes into
consideration the absolute temperature only. In spite of that, none of the systems
identified fire as the first technical equipment, because temperature at the rise
was not decisive. The development of smoke products was decisive. For the
information to be complete, it must be mentioned that the electric fire signalling
on the ltalian side was, perhaps, not in function.

FIRE COURSE

In spite of a very quick identification of the fire, further actions were not suffi-
ciently coordinated. Many technical facilities were not in function and coinciden-
ce of further circumstances caused that 42 persons died. As a standard exam-
ple it may be mentioned, that a motorized worker of the tunnel administration
came without problem from the Italian side to the burning truck within the first
minutes after the fire alarm. But several minutes later, rescue teams could not
start their action from the ltalian side, because the direction of dense smoke was
turned towards them.

The ventilation system took part in the fire extinguishing in a very negative
way. The fresh air supply stayed at the level of about 90 per cent even after the
fire alarm. On the French side, the exhausting was set up to the full output, whi-
le on the Halian side it was impossible even to start the exhausting during the
whole course of fire. More over only the following analysis will prove how the
supply of fresh air affected the fire spreading onto other vehicles. At that time,
there was a very strong longitudinal air flow in the tunnel, which spread smoke
and prevented rescue teams from access. An effective transversal ventilation
would have improved considerably the said situation. The evaluation will be more
difficult because of the fact that anemometers were out of function.

Testimonies tell that smoke was not staying in a layer under the tunnel ceiling,
but it was spread allover the tunnel. This fact made the escape from the tunnel,
as well as the action of the rescue teams considerably difficult. It was a fatal phe-
nomenon that 32 persons of 42 dead ones were found in their cars. The said per-
sons did not feel to be directly endangered and stayed in their cars expecting
how the situation would develop. It is really a dangerous phenomenon which
shall have to be taken in consideration even when making changes in standards.

In an emotive article in Paris Match, there is spoken about the tunnel as
a machine for money, the turnover of which achieved 802.2 million FRF in the
year 1998, and the profit after taxation amounted to 45 million FRF. In this con-
nection it is surprising that the dispatching centre on no side was equipped with
an integrated system which would record all needed information. It is e.g. impos-
sible to perform a power balance of individual fans, but even the position of fan
flaps is not known. Perhaps sixteen of fourty cameras of the videoinspection
were not fully in operation,

As fo long single-tube tunnels, it is important to provide an escape possibility
fo endangered persons by means of an escape corridor. In such a way there have
been designed many tunnels, e.g. the Channel Tunnel or the tunnel Branisko. The
Mont Blanc Tunnel is not provided with an escape corridor. French regulations for
constructing tunnels lay down that it is necessary that recesses resistant against
fire for hours may be constructed in regular distances and provided with fresh air,
and/or that the air duct for supplying fresh air must be adapted in such a way that
it may be possible to use it for evacuating or hiding persons.

In the year 1992, safety recesses for about 45 persons were made, situated
near every other lay-by recess, i.e. every 600 m. It concerns spaces provided
with fresh air coming from fan air ducts, and having the minimum fire resistance
of 2 hours, which are connected in a phone way to the control room. The said
recesses had an important role at rescuing lives of firemen who were engaged
in the tunnel within rescuing persons’ lives. Especially important was the recess
No.17, where 6 firemen were hidden, and where they were protected against
toxic smoke and heat for about 7 hours. The same protection provided the recess
No.24. In the recess No. 20, sorry to state, were found two dead persons, becau-
se fire lasted for more than fifty hours in that place where no escape connection
was made to air vent channels. The recess became a fire furace, because the
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musely dodatedné provadét narocné raziéské préce, coz by s sebou neslo nut-
nost zastaveni provozu v tunelu na delSi dobu. Existuji svédectvi, Ze v nékterych
vyklencich (13) nefungoval dokonce pfivod ¢erstvého vzduchu.

Bilance poZaru je skute¢né mimoradna. Kromé obéti na Zivotech bylo zni¢eno
24 nakladnich vozidel, 2 vozidia osobni a 2 vozidla zachrannych jednotek. Beton
stropu je velmi pogkozen v délce cca 900 m. Na fadé mist je i silné poskozeno
armovani. Technicka zafizeni, v mistech vyskytu pozaru nebo horkého koure,
byly rovnéz Uplné nebo Eastedné znitena. Vyjimkou je pfivod poZarni vody, kte-
ry ztstal pod tlakem. Asfalt vozovky se v misté poZaru roztavil a shofel. Deska
vozovky je rovnéz velmi poskozend (na jednom misté byly obnaZeny i Zelezné
vyztuhy*armatury). Die diléich zavér( ze Setfeni se zd4, Ze celkové stavebni dilo
ohrozeno nebylo, coZ se musi samoziejmé jesté potvrdit Fadou daldich expertiz.

ZAVERY Z TUNELU MONT BLANC

Rozbory toho, pro¢ se pozar v tunelu Mont Blanc stal nejvétsi nehodou v his-
torii tuneld na pozemnich komunikacich jsou provadény velmi intenzivné a budou
zvefejnény. Jiz dnes je jasné, ze se podstatnou mérou podilelo rozdéleni odpo-
védnosti mezi dvé organizace dvou statti a nejednotné definovani krizovych
opatieni. ProtoZe si to obé strany uvédomovaly, vedla jednani jiz v letech 1965-
66 k definovani ginnosti a zavazk( v Provozni knize tunelu a dale k vytvoreni
Francouzsko-italské kontrolni komise.

Bilance prace komise od jejiho zaloZeni ukazuje, Ze se jeji €innost hlavné pro-
jevila ve zménach sazeb mytného. V oblasti bezpeénosti se prace soustfedila
hlavné na piedpisy pro pfevoz nebezpeénych materidlli. Jednalo se tedy hlavné
o &innosti v oblasti provozovani tunelu a méné se sledovala investiéni politika v
oblasti bezpeénosti. Komise zasedala jednou roéné. Tvofili ji diplomaté obou
stran a zastupci provozovatell. Kromé zastupce prefekta, zadny mistni odbornik
nebo odbornik na krizové situace v této komisi neni.

Na druhé strané je mozné potvrdit, Ze vSechny prostfedky materialni a huma-
nitarnf nezbytné pro zachranu lidskych Zivotl byly hned po poplachu soustfedé-
ny k francouzskému a italskému portélu, ale podminky v tunelu neumoznily jejich
pouziti z dlvodt:

- Nulova viditelnost;
- Velmi vysoka teplota;
- Nefunkénost motori vozidel z dlvodd chybéjiciho kysliku.
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Prehled identifikace dopravniho excesu ve Francii a Norsku
Survey of identification of a traffic emergency in France and Norway

Pfestoze zachranné tymy nebyly ani zdaleka vybaveny optimalni technikou,
by ani soucasny stav pokroku v zachranné technice nedovolil, za téchto extrem-
nich podminek, aby se zachranné tymy pfiblizily k tak obrovskému Zaru, pfi
extrémnim zakoureni a za nedostatku kysliku.

POZAR V TUNELU TAUERN

Zanedlouho po katastrofalnim poZzaru v tunelu Mont Blanc vznikl dal$i pozér
v tunelu na dalnici A10 Salzburg - Villach. Tunel Tauem je novy tunel vybaveny

temperature in the fire cenire achieved the value of about 1200 °C. The reces-
ses were not interconnected by means of evacuation ways to air ducts, perhaps
because of the fact ihat exacting driving operations would have to be made addi-
tionally which would cause the necessity to stop the operation of the tunnel for
a longer time. There exist testimonies that in some recesses (13) even the supp-
ly of fresh air did not exist.

The fire account is really extraordinary. Besides dead persons, 24 lorries were
damaged, as well as 2 passenger cars and 2 rescue vehicles. The concrete roof
was very damaged in the length of about 900 metres. Reinforcement bars are
very damaged in many places. Technical equipment, in the places of fire or hot
smoke were also destroyed, either completely or partially. The supply of fire figh-
ting water represents an exception, because it stayed under pressure. The bitu-
minous roadway in the place of fire was melted and burnt down. The roadway
concrete slab is very damaged too (steel bars of the reinforcement were stripped
in one place). With respect to partial conclusions, it seams to be sure that the
whole structure has not been endangered, but the said opinion must be certified
by many further expert's opinions.

CONCLUSIONS AS TO THE MONT BLANC TUNNEL

Analyses of reasons why the fire in the Mont Blanck Tunnel became the lar-
gest accident in the history of road tunnels are performed with a high intensity
and they will be published. Already today it is clear that the dividing of responsi-
bility between two organizations of two states and definitions of measures of cri-
sis which were not uniform, affected considerably the result. As both parties rea-
lized the said facts, negotiations having taken place in the years 1965 and 1966,
resulted in definitions of activities and obligations comprised in the Operational
Book of the Tunnel, and in forming a French-ltalian Inspection Committee.

The balance of work of the Committee from its foundation shows that its acti-
vity resided in changes of toll charges. In the sphere of safety of work the
Committee concentrated its activity in the first place to regulations concerning
the transport of dangerous materials. So the matter resided mainly in activities in
the sphere of the tunnel operation, and less attention was drawn to investments
in the sphere of safety. The Committee was in session once a year. The
Committee consisted of diplomatists of both parties and of operators’ represen-
tatives. No local expert, besides the prefect's representative, or an expert for situ-
ations of crisis is a member of this Committee.

On the other hand, it is possible to affirm that all material means and humani-
tarian ones, necessary for rescuing lives of persons, were concentrated, imme-
diately after the alarm, to the French tunnel portal and to the Italian one, but con-
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Obr. 4
OkamZita identifikace zastaveni vozidla pomoci videodetekce
Immediate identification of a standing vehicle by means of a videodetection

ditions in the tunnel made it not possible to use them because of the following
reasons:
- no visibility
- very high temperature
- engines were not in function, because oxygen was missing

In spite the fact that rescue teams were not equipped with optimum technical
outfit, it must be stated that even with any up-to-date equipment and technical
measures, the rescue teams could not be successful under said extreme condi-
tions, because, due to the extreme heat and smoke, as well as absence of oxy-
gen, they could not come near to the fire centre.

FIRE IN THE TAUERN TUNNEL

Not a long time after the disastrous fire in the Mont Blanck Tunnel, another fire
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nejmodernéjsi technologii, délka je 6000 m. Doprava je zde obousméma,
protoZe se pry pro velky odpor ekologli nepodafilo prosadit vystavbu druhé
trouby.

V tunelu byly v inkriminované dobé provadény rekonstrukénf prace a doprava
zde byla fizena svételnou signalizaci. Rdno v 5 hod zastavil nakladni viiz pieva-
Zejici barvy na signal svételné signalizace asi 600 metrli od portalu a dal$i vozid-
lo do ného ze zadu narazilo. Po fetézové srazce se vozidla vziiala. Bilance je
opét katastrofalni - zahynulo dvanact osob, bylo zni¢eno $edesat automobilli a
¢astecné se zfitila klenba. Likvidace pozaru trvala 12 hodin.

K téZkym ztratdm doSlo pfestoze se zda, Ze technologie pracovala spolehlivé.
Evidentnim problémem, ktery platil i pro tunel Mont Blanc je neexistence (iniko-
vé chodby nebo dokonce druhé tunelové trouby. Vyhodnoceni nestésti bude trvat
nékolik mésichi a ¢tenafi Easopisu Tunel budou informovéni.

MORALNI ASPEKTY VYSTAVBY TUNELU

Jiz samotny vjezd do tunelu mdze u nékterych fidict vyvolavat specifické pro-

blémy:

4 Pocit uvéznéni a klaustrofobie;

Q Strach z chyceni do pasti ¢i lécky;

Q Problémy s viditelnosti diky Seru v tunelu;

O Monotdnnost viemu okoli;

0 Ztrata orientace a pfedstavy, kde se nachazi.

Diky tomu jedou fidiéi v tunelu opatméji, ale i kfeCovitéji. Absolutné je sice v
tunelech mensi poget nehod, nez na volné komunikaci, ale nehody véak gasto

Analyza vlivu podéIného sklonu (gradientu) a pfi¢in dopravnich excesl v tune-
lech je napf. v lit. [3] v €lanku "Novy pfistup k bezpe¢nosti dopravy v tunelech”,
ktery byl pfednesen jiZ v roce 1996 na konferenci "Tunelové stavby ve méstech"
v Brné. Gradient tunelu je téméF synonymem pro odstavovani vozidel z hlediska
poruch a je zfejmé, Ze by mély byt stavény tunely s minimalnim gradientem.
Zn&mé norské " V tunely" s gradientem 4-10% maji zasadné vy$si pocet odsta-
venych vozidel, nez tunely s nizkym a stfednim gradientem (do 2,5%). Pfitom
stojici vozidia jsou potencidlnim zdrojem nejvétsich problému.

Také zplQsob detekce excest dopravniho provozu v tunelu ma zasadni
vyznam pro zaji$téni bezpeénosti fidicl. Ve Francii a v Norsku probihala nékoli-
kaleta vyhodnocovani, jakym zptisobem byl exces dopravniho proudu deteko-
van. Jednalo se celkem o 1479 hlaseni z Francie a 0 648 hlasenf z Norska. V
obr. 3 jsou zcela zfetelné rozdily v identifikaci dopravnich excesl v jednotlivych
zemich.

Na prvnf pohled je patrny rozdil ve zjistovani odstaveni vozidel pomoci tele-
vizniho dohledu ve Francii (24%) a v Norsku (51%). Souvisi to s tim, Ze ve Francii
jsou budovana rozsahla fidici centra vybavena desitkami monitori, coz neumoz-
fnuje detailni sledovani vSech obrazl. Proto je nutné tato centra vybavovat
modernimi prostfedky pro automatickou identifikaci zastaveni vozidla. Systému
je dodavana cela fada a v zasadé umozniuji, na zakladé analyzy obrazu kamery,
béhem nékolika vtefin rozpoznat stojici vozidlo a automaticky vyhlasit alarm. Na
obr. 4 je ukdzka zachyceni stojiciho vozidla v tunelu virtualnim detektorem.

Moralnim aspektem pfi ndvrhu tunelu rozumime to, Ze fidici jsou posflani do
mista zvy&eného rizika a povinnosti investor( tunelu je jim poskytnou pfiméfenou
miru ochrany. Zasadni rozhodovani probihaji jiz ve stadiu pfipravy projektu, kde
je nutné optimalizovat:

Q Stavebni ¢ast;
Q Technologické vybaveni.

Optimalizaci stavebni ¢asti z hlediska bezpeénosti se rozumi navrh profilu
tunelu, jeho gradientu a bezpeénostnich stavebnich dprav. Zasadni rozhodnuti
spociva v navrhu Unikovych cest. Zde Ize vyuzit nejlépe druhou paralelni tunelo-
vou troubu nebo specialni tnikovou Stolu.

Projektant je zde mnohdy pod nepfiméfenym tlakem na snizovani ceny dila a
Casto i pod tlakem ekologd, ktefi z principu doporuduji stavét obousmérmé trou-
by, které jsou potencidlnim zdrojem nebezpeci diky moznym Eelnim srazkam. | v
pifpadé dvou trub se projevovala u nds snaha neinstalovat pozami dvefe s pre-
tlakovym vétranim mezi tunelovymi troubami z diivodd Uspory cen.

Technologické vybaveni tuneld zaji$tuje prvni identifikaci problému a néasled-
né fizeni celé operace, pficemz zvIaté ventilace je otdzkou Zivota a smrti - hofi-
cf vozidlo totiz vyviji az 100 m? koufovych zplodin za sekundu. P#i navrhu tunelu
je nutné odpovédné zvazovat, kterd zafizeni budou zdvojena a to nejenom z hle-
diska spolehlivosti, ale i pro moznost paralelni prace vice operatord. Kromé pou-
ziti nehoflavych kabell v profilu tunelu jsou voleny "cik-cak” trasy, aby nikdy
nedo3lo k poruse celé vétve. Osvétleni, kieré ma zasadni vliv na orientaci, je také
déleno do sekei. Pi navrhu je nutné respektovat celou fadu diléich opatieni, kte-
ré maji podstatny vliv na snizeni mozného celkového rizika.

arose in the tunnel on the motorway A10 Salzburg-Villach. The Tauem Tunnel is
a new tunnel equipped with the up-to-date technology. Its length is 6000 m. The
traffic is in both direction, because ecologists’ resistance was so intensive that
the construction of the second tunnel tube could not be realized.

In the respective time, reconstruction works were carried out and the traffic
was controlled by signal lights. At 5 a.m. stopped a lorry transporting paints in
front of the signal light, about 600 m from the portal, and another vehicle collided
with it from behind. After a chain collision, vehicles caught fire. The result was
disastrous: twelve persons were dead, sixty cars were destroyed, and the vault
was partially crashed. The fire liquidation lasted twelve hours.

Extensive losses took place in spite of the fact that it seems that the techno-
logy worked reliably. The evident problem, which was valid even for the Mont
Blanck Tunnel resided in the fact that no escape corridor or another tunnel tube
existed. The evaluation of the disaster will take several months and readers of
this journal will be informed.

MORAL ASPECTS OF TUNNEL CONSTRUCTION

Already the proper tunnel entering may excite the following problems at some

drivers:

4 a feeling of confinement and claustrophobia

Q fear and feeling to be caught in a trap - visibility problems due to twilight in the
tunnel

0 monotonous environs

U loss of orientation and idea where he is

That is why drivers in a tunnel drive more carefully but also more spasmodic-
ly. In tunnels there take place less accidents than on free roads, it is true, but
consequences of accidents are often more disastrous.

The analysis of the influence of a tunnel gradient and causes of traffic emer-
gencies in tunnels is included e.g. in the Bibliography [3], in the Article ,new
access to the safely of traffic in tunnels" which was lectured in the year 1996 on
the conference , Tunnel Structures in Towns", at Brno. A tunnel gradient is near-
ly a synonym of laying the vehicles by the road due to defects, therefore it is evi-
dent that tunnels should be constructed with a minimum gradient. Known
Norwegian ,V tunnels” with a low and middle gradient of 4 to 10 per cent, have
always a higher number of laid by vehicles than tunnels with a low and middle
gradient (up to 2.5 %). The standing vehicles, though, are a potential source of
largest problems.

The way of emergency detection in the tunnel traffic has the fundamental
importance for securing the safety of drivers. In French and in Norway, it was
evaluated for several years, how emergencies in the traffic streams had been
detected. It covered altogether 1479 reports from France and 648 reports from
Norway. On Figure 3, there are shown differences in identification of traffic emer-
gencies in individual countries.

The difference in detection of laid by vehicles by means of a television moni-
toring in France (24 %) and in Norway (51 %) is evident. It is affected by the fact
that in France there are constructed extensive control centres equipped with
decades of monitors which does not enable a detailed monitoring of all pictures.
That is why it is necessary to equip that centres with up-to-date technical means
for automatic identification of a standing vehicle. There are supplied many sys-
tems which in fact enable, on the basis of an analysis of the camera picture, to
distinguish a standing vehicle within several minutes and to start alarm automa-
ticly. Fig. 4 shows a detection of a standing vehicle in the tunnel by means of
a virtual detector.

The moral aspect, when designing the tunnel, means that drivers are sent to
the place of an increased danger, and owners have a duty to provide them a rea-
sonable extent of protection. Fundamental decisions are made already in the sta-
ge of the design preparation, where the following matters must be optimized:

O building part
O technological equipment

By optimizing the building part with respect to the safety, it is meant the design
of a tunnel profile, its gradient and safety building adaptations. The fundamental
decision resides in the design of escape routes. The best solution resides in uti-
lizing a paraliel tunnel tube or a special escape gallery.

The designer, sometimes, is subject to an inadequate pressure as lo decrea-
sing the price of the work, and sometimes even under a pressure of ecologists
who always recommend for two-way tubes to be constructed, which is a potenti-
al source of danger because of a possibility of head-on collisions. Even in case
of two tubes, a trend existed in our country, not to install a fire door with an overp-
ressure ventilation between tunnel tubes, due to a price saving.

Technological equipment of tunnels secures the first identification of a problem
and the successive management of the whole operation. Especially the ventila-
tion is the question of life and death. A burning vehicle produces up to 100
cub.m of smoke products per second. When designing a tunnel, it is necessary
to take into account responsibly which equipment shall be doubled, not only with
respect lo its reliability, but also because of the possibility of a parallel work of
more operators. Besides the application of incombustible cables in the tunnel
profile, there are to be chosen zig-zaging lines, so that never a defect of the who-
le branch may take place. The tunnel illumination which has the fundamental
influence upon orientation, is also divided in sections. When designing the tun-
nel, it is necessary to respect many partial measures which considerably affect
the decrease of a possible total risk.
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Kromé technickych zaleZitosti je nesmimé duleZité i organizaéni fedeni. PFi
vétsiné nehod se ukazalo, ze pravé organizace zachrannych praci byla pfiginou
nejvétsich ztrat. Vyplyva to z toho, Ze dispecer vystaveny silnému psychickému
tlaku jedna Casto zbrkle a nelogicky, pfestoZe je na tyto situace Skolen. Proto je
nutné pripravit detailni scénafie pro fizeni jeho prace v krizovych situacich ve for-
mé jakychsi jednoduchych kucharek. Zahraniéni zku$enosti fikaji, Ze je dobré
ponechat méné nez 10% rozhodnuti na vali Elovéka, ostatni by mélo byt pfedem
pfipraveno.

V pfipadé projektu, i pfed jeho uvedenim do provozu, je nutné pracovat s tzv.
analyzou rizik (Risc Analysis) a pro €innost v pfipadé mimofadnych situaci pfi-
pravit tzv. krizové fizeni (Risc Management). Jedna se o samostatné védni obo-
ry a v kontextu poslednich poZar(i v tunelech je patmé, ze této Cinnosti bude
vénovana vétsi pozornost i u nas.

SITUACE V CESKE REPUBLICE

V Ceské republice jsou v soucasné dob& v provozu tunely Strahov, Hrebeg,
Pisarecky a Husovicky, do konce roku bude uveden do provozu rekonstruovany
tunel TéSnov. VSechny tunely, az na tunel Hfebed, jsou komplexné vybaveny
nejmodernéjsi technologii. Obousmérné provozovany tunel Hrebeé je dlouhy
pouze 350 m, a proto je vybaven pouze nejnutnéjsi technologii pro zajisténi bez-
peénosti - neni napf. vybaven videodohledem.

Jako v jedné z mala zemi ve svété jsou v platnosti technické podminky pro
technologické vybaveni tunelll. Byly vydany Ministerstvem dopravy a spojti jako
TP98 "Technologické vybaveni tuneltl pozemnich komunikaci". Tunely jsou déle-
ny dle délky a intenzity vozidel do kategorif TA, TB a TC. Na z&kladé tohoto zatfi-
déni je pak povinné nebo je doporu¢eno bezpednostni vybaveni. V souvislosti s
pfedmétnymi pozary se bude jisté o vybaven( tunelll dale diskutovat a je plano-
véno, Ze v roce 2000 vyjde nové upravené vydani technickych podminek TP98.

Z hlediska bezpeénosti dané technologickym vybavenim se za¢ina diskutovat
o0 nasleduijicich tématech:

1. Ventilace

Ventilace by méla byt navrhovéana z hlediska U¢inného fizeni v pfipadé pozaru.
pro pficnou/polopfiénou ventilaci zvysi podstatné kapacitu odsavani, Zvysena
pozornost bude vénovana vétrani tnikovych prostor.

2. Hasici zafizeni
Budou pfehodnocovany pozadavky nejenom na piivody vody, na vzdalenost
hydrant(, ale i na pouzitelnou hasici techniku.

3. Identifikace pozaru a nehod
PfestoZe nelze pfedpokladat, Ze jedinym zafizenim pro identifikaci pozaru je

Besides technical matters, even solutions of organization are very important.
A majority of accidents proved that just the organization of rescue works was the
cause of maximum losses. It results from the fact that a dispatcher, exposed to
a strong psychical stress, acts often rashly and illogically, in spite of the fact that
he is trained for such situations. That is why it is necessary to prepare a detailed
script for directing his work in situations of crisis in the form of some so called
simple cooking books, Foreign experience show that it is good to leave less than
10 % of decisions to a man’s will, the remaining part should be prepared in
advance.

In case of a structure, even before its setting into operation, it is necessary to
work with a so called Risk Analysis, and to prepare, for activities in case of extra-
ordinary situations, a so called Risk Management. They are independent scien-
tific lines, and, in the context of last fires, it is evident that a larger attention shall
be drawn to the said activities even in our country.

SITUATION IN THE CZECH REPUBLIC

At present, the following tunnels are in operation in the Czech Republic:
Strahov, Hfebeé, Piséarky and Husovice. At the end of this year, the reconstruc-
ted Tésnov tunnel will be set into operation. All tunnels except Hfebec, are pro-
vided completely with up-to-date technology. The Hiebec tunnel, operated in
both directions, is only 350 m long, and that is why it is provided only with the
needest technology for securing its safety. E.qg. it is not provided with any video-
inspection.

As in one of few countries in the world, in the Czech Republic there are valid
technical conditions for a technological equipment of tunnels. They have been
issued by the Ministry of Transport and Communications as TC 98 -
, lechnological Equipment of Road Tunnels”. Tunnels are divided according to
their length and traffic density in categories TA, TB and TC. With respect to the
said categories, the respective safely equipment is either obligatory or recom-
mended. In connection with the above mentioned fires, the equipment of tunne-
Is will be surely more discussed, and it is planned that in the year 2000 a new
revised issue of technical conditions TC98 will be at disposal.

From the point of view of safely, resulted from the technological equipment,
the following matters start to be discussed:

1. Ventilation

Ventilation should be designed with respect to an effective control in case of
a fire. There appear e.g. new, more reliable flaps or complete prefabricated ele-
ments which considerably increase the exhaust capacity of the transversal or
semi-transversal ventilation. An increased attention shall be drawn to ventilation
of escape spaces.

2. Extinguishing equipment

Requirements not only for water supply and distance between hydrants, but also
requirements concerning the applicable extinguishing technology shall be reeva-
luated.

3. Identification of fires and accidents
In spite of the fact that it cannot be supposed that the only equipment for identi-

Obr. 5
Portél tunelu Husovice asi 7 minut po vzniku simulovaného pozaru
The Husovice tunnel portal 7 minutes after the simulated fire had started

Obr. 6

Hasi¢sky zasah byl veden druhou tunelovou troubou
The fire-fighting action was through the other tunnel tube
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elekiropozarni signalizace, musi byt tato schopna méfit nejenom absolutni teplo-
tu, ale i velmi citlivé i diferenci teploty.

Standardem by se mélo stat vybaveni tunelu videosystémem dopinénym o zaff-
zeni pro automatickou identifikaci stojiciho vozidla.

4. Pfedavani informaci fidicim

Tragedie v tunelu Mont Blanc ukézala, Ze 34 lidi zahynulo, aniz se pokusilo z kri-
zového mista uniknou, protoze se domnivali, Ze je situace pod kontrolou. Pro
zamezeni téchto situaci bude nutné postupovat ve sméru osvéty v médiich, ale
zvazuje se i s vybavenim tunelu reproduktory, které by pravé v pfipadé podob-
nych nehod poskytovaly cenné verbalni informace typu "OkamzZité opustte viz

a...

Bude diskutovano vybavovani tuneld) informaénimi displeji tak, jak je to jiz béz-
né napr. v mnoha tunelech v USA. Samoziejmosti by mélo byt spojeni na krizo-
vé centrum pomoci GSM. Projekty tohoto druhu jsou pfipravovany jako soucast
aplikaci telematiky.

Jak bylo jiZ zdiraznéno, samotna technicka stranka véci nefesi veskeré pro-
blémy. Proto Ministerstvo dopravy a spoj(, jiz v lofiském roce a tedy jesté pfed
zminénymi tragédiemi, navrhlo zpracovat technické podminky pro provozovani a
spravu tuneld. Prace byly zahéjeny vytvofenim osnovy dila, které obsahuje i
kapitoly vénované krizovym situacim v tunelu a jejich feSeni. Je zde i kapitola
vénovand prevenci vzniku téchto situaci. Podminky budou zpracovéavany pro-
stfednictvim Tunelové sekce Silniéni spolecnosti a podili se na nich tym tvofeny
projektanty, provozovateli a zdchrannymi slozkami.

Za vzorové piipravené podminky pro krizové fizeni tunelu lze povaZovat scé-
nafe pfipravené pro brnénsky Husovicky tunel. Zde byly Eltodem Brno rozpra-
covany jednotlivé situace a dispecer se jimi musi fidit. Stejné scénafe maji i
zachranné slozky. Provozovatel tunelu Brnénské komunikace, ve spolupraci se
zachrannymi slozkami, organizuje pravidelné provéfovani ¢innosti technologie a
soucinnosti slozek. Na obr. 5 je portdl Husovického tunelu pfi simulovaném
pozéru v tunelu. Jednalo se o utajenou zkousku, kdy do tunelu vjelo nakladni
vozidlo, postavilo se napfi¢ a z dymovnic se vyvijelo pfisluné mnozstvi koufe
(kour dosahoval az 30 metrii za portl). Ridici systém a dispecefi zareagovali do
tfi minut a nasledné se cela zachrannd akce odvijela podle pfedem danych scé-
narad.

Na dal$im obr. 6 je zachycen piijezd hasiéskych vozidel. Pfi nasledném
vyhodnocovani byl detailné analyzovan priibéh celého zakroku a bylo konstato-
vano, ze zasah prob&hl bez jakychkoli probléml a v minimainim ¢ase. Velmi
nepfijemna a nepochopitelna byla reakce fidiéa, ktefi po dvou minutach ¢ekani
na Cerveny signal zacali couvat a hledat nahradni cesty, pfestoze vidéli, ze se z
tunelu vali kout. Paté ani pfedchozi tragédie v tunelech neovlivnily jejich cho-
vani a bude nutné pocitat se zvySenou osvétou.

ZAVER

Prestoze ¢eské tunely patii k nejmodernéji vybavenym, nebot byly uvadény
do provozu v poslednich létech, je nutné vénovat dal$i pozornost bezpeénostnim
stavebnim a technologickym aspektlim pro nové budované tunely. Zde je nutné
se zaméiit na krizovou analyzu a krizové fizeni.

Mimoradné velka pozornost musi byt vénovana organizaénim a provoznim
pfedpistim, které jsou piipravovany pééi Ministerstva dopravy a spojl.

Predstavenstvo Seské sekce tunelové asociace ITA/AITES navrhlo svolat na
podzim ve smyslu stanov "Pracovni shroméazdéni" orientované na vliv havarii v
silni¢nich tunelech na vyvoj podzemniho stavitelstvi a bezpec¢nostnich opateni,
jehoz garantem by mél byt autor tohoto ¢lanku.

Autor &lanku dékuje Ing. P. Koutovi ze Svycarska za podklady k bezpe&nost-
nim aspektlim ventilace a Ing. V. VI¢kovi z Hasi¢ského sboru Ostrava za jim
upravenou dokumentaci popisujici detailné okolnosti vzniku pozaru v Mont-
Blanc.
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fying a fire is an electrical fire alarm, this signalling must be able to measure not
only the absolute temperature, but also, very sensibly, temperature differences.
A video system completed with an equipme.it for an automatic identification of
a standing vehicle should be a standard equipment of a tunnel.

4. Information for drivers

The tragedy in the Mont Blanc tunnel showed that 34 persons died without try-
ing to escape from the place of crisis, because they were of the opinion that the
situation is under control. For obviating such situations it will be needed to per-
form education in media, but it is also considered, to equip tunnels with loud-
speakers, which just in cases of similar accidents may supply valuable verbal
information, such as ,Leave immediately the car and ..."

It shall be also discussed whether to equip tunnels with information displays
in such a way as it is usual in many tunnels in the USA. A connection to the cent-
re of crisis by means of GSM should be obvious. Designs of such a kind are pre-
pared as a part of telematics application.

As it was already stressed, the alone technical part does not solve all pro-
blems. That is why the Ministry of Transport and Communications, already in the
last year, so even before the mentioned tragedies, proposed for technical condi-
tions concerning the tunnel operation and administration to be elaborated. The
works started by elaborating a syllabus of the work which comprises even cha-
pters related to situations of crisis in tunnels and their solution. Also a chapter
concerning the prevention of a rise of the said situations. The said conditions
shall be elaborated through the Tunnelling Section of the Road Company, and
a team consisted of designers, operators and representatives of rescue teams
will take part in the work.

Scripts prepared for the Husovice tunnel at Brno may be considered as exem-
plarily prepared conditions for managing crisis in tunnels. Individual situations
have been elaborated in detail for the Husovice tunnel at Brno, and the dispat-
cher must observe them. Rescue teams are provided with the same scripts. The
tunnel operator, viz. the firm Communications at Brno, in cooperation with rescue
teams, organizes regular inspections of the technological equipment and coope-
rating components. The portal of the Husovice tunnel at a simulated fire inside
the tunnel is shown on Fig. 5. It concerned a test, kept secret, when a lorry ente-
red the tunnel, stopped across the tunnel and provided a determined quantity of
smoke from a smoke-box (smoke reached up to the distance of 30 metres behind
the tunnel portal). The control system and dispatchers reacted within three minu-
tes and then the whole rescue action was realized according to scripts determi-
ned in advance.

On another Figure 6, there is shown an arrival of extinguishing vehicles. At
a following evaluation, the course of the whole action was analyzed and it was
stated that the rescue action was performed without problems and within the
minimum time period. The reaction of drivers, though, was very unpleasant and
incomprehensible. After two minutes of waiting at a red signal, they started to dri-
ve back and seek a free lane, in spite of the fact that they saw smoke going out
of the tunnel. Perhaps, not even previous tragedies affected their behaviour and
it will be necessary to organize a more intensive training.

CONCLUSION

In spite of the fact that Czech tunnels are ranked among the most up-to-date
equipped tunnels, because they were set into operation within the past years, it
is necessary fto pay further attention to the aspects of safe structures and equip-
ment ones for newly constructed tunnels. It is necessary to direct the attention to
analysis of the crisis and to management of a crisis.

An extraordinary attention must be paid to regulations of organization and of
operation which are prepared by the Ministry of Transport and Communications.
The directorate of the Czech section of the Tunnelling Association ITA/AITES
proposed, for a ,Working Meeting" to be convened in autumn, in the tenor of
Articles of Association, directed to the influence of breakdowns in road tunnels
upon the development of the underground engineering and safety measures.
The author of this article should be the guarantee for said meeting. The author
of this article thanks Ing. P. Kohout from Switzerland for documents concerning
safety aspects of ventilation, and Ing. V. Vicek from the firemen'’s team of Ostrava
for the documentation adapted by him, describing in detail circumstances of the
fire rise in the Mont Blanc tunnel.
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KOLEKTOR PRIKOPY

UTILITY TUNNEL PRIKOPY

PETR PAPEZ, SUBTERRA, A. S.
JOSEF JANSKY, METROSTAY, A. S., DIVIZE 5

uvob

Rychle se rozvijejici potfeby hlavniho mésta Prahy, hlavné jejiho centra,
a moznost omezeni zasah(l na povrchu pii havariich inzenyrskych siti urychlily
nutnost vystavby kolektor(.

Kolektorizace, jako moderni a velmi progresivni forma vedeni inzenyrskych siti
v podzemnich §tolach umozni stalou kontrolu, opravy i vyménu viech siti, 1j. elek-
trorozvodU, tepelnych vedeni, spojovacich siti, plynovodd, vodovodnich a ostat-
nich rozvod(. Stejné tak i dodate¢nou pokladku novych siti v pfipadé pozadavk(
na vétsi mnozstvi pfepravovanych médii.

Nutnost zahdjeni rekonstrukce a posileni stavajicich inzenyrskych sitf vyply-
nula ze skuteénosti, Ze znaéné ¢ast téchto siti je jiz zastarala a nevyhovuje ani
svou kapacitou, coz pfinasi celou fadu problémd. Jedna se o &etné vykopy v pri-
padé jakychkoliv poruch pfi pokladce novych siti, nedostate¢ny tlak ve vodovod-
nim &i plynovém potrubi nebo znacné ztraty pfepravovanych médii v disledku
poskozenych potrubnich rozvodU. Prostor pod vozovkami a chodniky je zaplnén
kabely a potrubim natolik, Ze jejich dalsi doplfiovani je z prostorovych ddvodu
obtizné, nékdy i vylou¢ené. Zvysovani potieb obyvatel, zvySovani Urovné bydle-
ni i sluzeb a zejména piiliv zahraniéniho kapitalu v centru Prahy vyzaduji rege-
neraci stavajicich rozvod( a podstatné zvyseni jejich propustnosti.

Vedeni v kolektorech jsou pod stalou kontrolou a jejich nepfetrzité automatic-
ké sledovani umoziiuje neprodlené zjisténi netésnosti, poruch a havarii. Uniky
medii jsou omezeny na minimum a k jednotlivym vedenim je mozny staly pfistup.
Pfi opravach, doplriovani a vyménach jednotlivych inzenyrskych siti neni narugen
povrch chodniki, komunikaci a provoz na nich.

Z téchto dlvodl rozhodl v roce 1995 Magistrat hlavniho mésta Prahy
o vystavbé kolektoru Prikopy jako o logickém pokracovani vystavby jiz budova-
nych kolektorti v centralni ¢asti Prahy s pifimym navdzanim na kolektor CI.A. Po
jeho dokonéeni bude propojena Staroméstska a Novoméstska ¢ast centra Prahy
v okoli Vaclavského a Staroméstského namésti.

Nelehkého Ukolu vybudovani vech vétvi kolektoru Pfikopy se ujalo sdruzeni
firem SUBTERRA a.s a METROSTAV ass ., z nichz kazda zajistuje vystavbu
samostatného Useku kolektoru. Toto sdruzeni, ve kterém funkci vy$siho dodava-
tele vGéi investorovi zajistuje a.s. SUBTERRA, zvitézilo ve verejné obchodni sou-
téZi na dodavatele dila pfedevsim diky dlouhodobé uspé$né ¢innosti v této oblas-
ti s velmi detailni znalosti mistnich geologickych a geotechnickych poméru.

Investorem je Hlavni mésto Praha - odbor méstského investora, jeho manda-
tafem firma ZAVOS s.r.0.

Generalnim projektantem se stal INGUTIS s.r.o., v Useku provadéném a.s.
METROSTAV zajistuje realizaéni dokumentaci SATRA s.r.0.

PARAMETRY STAVBY

Kolektor Prikopy se sklada z nékolika tras. Hlavnimi trasami jsou predevsim
liniové vétve Staroméstska a Novoméstska, vedouci z jamy $27 situované pied
Obecnim domem na namésti Republiky po obou stranach ulice Na Pfikopé smé-
rem k Vaclavskému namésti. Tyto vétve jsou zakonéeny jamou S22 na Mustku,
Osova délka obou vétvi je 1054 metra.

Dalsi vétvi je kolektorova trasa v Senovazné ulici, zaéinajicl jamou J46+ (tato
jama ma pfimé napojeni na kolektory Cl. a Cl.A) na Senovazném namésti pfed
divadlem MINOR a kon&ici v jamé S27 u Prasné brany. Tato trasa se sklada z pod-
povrchové ¢asti v délce 105 metrli a hlubinné ¢asti v délce 100 metri. Posledni
trasou je trasa Cislo 7 - Kralodvorskd, vedouci opét z jamy S27 pfed Obecnim
domem, ktery po severni strané obchdzi, a Usti pies Kralodvorskou ulici do
Celetné, kde se napojuje na stavajici Kolektor Celetna. Tato trasa se opét sklada
z podpovrchové ¢asti v osové délce 98 metrli a hlubinné o délce 125 metr.

K t&mto liniovym trasdm patii i odbocky do ulic Nekazanka a Havifska.
Soudasti je i nékolik spojek mezi Staroméstskou a Novoméstskou vétvi, cca 50
rozrazek pro domovni pfipojky, vydechy a sani vzduchotechniky véetné sloZitého
vydechu v objektu Slovanského domu. oo

Profil v hiubinnych tras&ch byl zvolen tak, aby definitivni betonové osténi pii
tloustce betonu minimalné 20 cm mélo svétlost na vysku 3,3 metru a na ifku 2,5
metru.

Hioubka kolektorovych tras je cca 14 metrl pod Urovni vozovky a chodnikd,
podpovrchové trasy cca 6 metri pod trovni chodnikd.

ZAJISTENI NADLOZI

Po zkusenostech s razbou Kolektord Cl. a CLA |, kdy v celém prostoru byly

INTRODUCTION

Quickly developing needs of the Capital Prague, mainly of its centre, and the
possibility to limit actions on the surface if breakdowns of engineering networks
occur, accelerated the necessity to construct utility tunnels.

Utility tunnels as an up-to-date and very progressive form for leading engine-
ering networks in underground galleries will enable a permanent inspection,
repairs and replacement of all networks, i.e. electric distribution systems, heating
lines, connecting networks, gas lines, water mains and other distribution sys-
tems. They will also enable to install new networks in case that requirements for
a larger quantity of transported media will arise.

The necessity to start a reconstruction and to extend existing engineering net-
works resulted from the fact that a considerable part of the said networks beca-
me obsolete and is inconvenient even as to its capacity which causes many pro-
blems. It concerns many excavations in case of any defects when installing new
networks, insufficient pressure in water piping or gas one, or considerable losses
of transported media because of damaged piping. The space under roadways
and pavements is full of cables and piping, so that their further completing is dif-
ficult due to space reasons, and sometimes it is impossible. Increasing needs of
inhabitants, increasing level of dwelling and services and especially foreign capi-
tal coming into the centre of Prague, require a regeneration of existing distributi-
on systems and a considerable increase of their capacity.

All lines in utility tunnels are subjected to a permanent inspection and their
permanent monitoring makes it possible to find out, without any delay, untight-
ness, defects and breakdowns. Leakages of media are minimized and a perma-
nent access is possible to individual lines. During repairs, completing and
exchanging individual engineering networks, the surface of pavements and
roads, as well as any their operation is not disturbed.

That is why the Municipal Office of the Capital Prague adopted a decision in
the year 1995 concerning a construction of the utility tunnel Piikopy as a logical
continuation of already constructed utility tunnels in the central part of Prague,
with a direct connection to the utility tunnel CLA. After its completing, the Old
Town part and the New Town part of the Prague centre in the neighbourhood of
Wenceslas Square and the Old Town Square will be interconnected.

An association of the firms SUBTERRA a.s. and METROSTAV a.s., accepted
the difficult task, viz. to construct all branches of the utility tunnel Prikopy, each
of which providing a construction of a separate utility tunnel section. The said
association, in which the function of the main contractor with respect to the client
provides SUBTERRA a.s., was the winner of a tender for delivering the work,
which was achieved due to a long-term successful activity in this sphere of busi-
ness, with a detailed knowledge of local geological and geotechnical conditions.

The Capital Prague - Department of the Municipal investor is the client, and
the firm ZAVOS s.1.0. is its mandatary.

INGUTIS, s.r.o. became the general designer, and the realization documenta-
tion in the section performed by METROSTAYV a.s. is provided by SATRA, s.r.o.

PARAMETERS OF THE CONSTRUCTION

The utility tunnel Prikopy consists of several lines. The main lines are especi-
ally represented by Old Town line branches and New Town ones, leading from
the shaft 827 situated in front of the Community Building in the Square of the
Republic, on both sides of the streel Na Prikopé in the direction lo the Wenceslas
Square. The said branches are terminated in the shaft 8 22 Na Mistku. The axi-
al length of both branches is 1054 metres.

The line in Senovéznd sireet, starting in the shafl Jd6+ (this pit has a direct
connection to utility channels Cl. and CILA) in Senovazné Square in front of the
theatre MINOR and ending in the shaft $27 at the ,Gunpowder Gate”. This line
consists of an under-surface part in the length of 105 m and of a deep part, being
100 m long. The line No. 7 - Krdlodvorska, is the last line, leading also from the
shaft before the Community Building, going around it on its northem side, and
entering through the Kralodvorské street into the street Celetnd, where it is con-
nected to the existing utility tunnel Celetnd. This line also consists of an under-
surface part of the axial length 98 m and of the deep part being 125 m long.

The said lines also include branches to streets Nekézanka and Havitska.
Further they include several connections between the Old Town branch and the
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zastizeny vrstvy §térkopiskU rlzné zritosti a rizné doby stability véetné jllovych
proplastkd i kamennych valound, byla zvolena v této oblasti osvédéend techno-
iogie zajisténi nadlozi v hloubkovych trasdch pomoci sloupd tryskové injektéaze
v obrysu vyrubu (viz podéiny fez typickym zabérem). Pomoci specidlni vrtaci
soupravy CASAGRANDE M5 SD bylo navrtano dle sloZitosti geologie a poza-
davku projektant(i 13 az 24 obvodovych vrtl, vypliiovanych jilocementovou smé-
si pfi injekénim tlaku 40 MPa. Tim vznikla ochranna obalka nad budouci klenbou
v délce 8 - 12 metr(, véjifovité se rozsifujici. Pod ochrannou obalkou vznikajf
Useky o déice cca 7 metrll, do kterych se nainstaluje TH vyztuz nebo ramy BRE-
TEX, takze vznikaji jakési "kornouty". Tento zplsob zajisténi nadloZi, ktery se
velmi osvédéil pfi vystavbé kolektoru Cl.A, se i zde v tomto velice sloZitém geo-
logickém a geotechnickém prostfedi ukazal nejvyhodnéjsi i pfi zvySenych nékla-
dech jak z technického hlediska, tak i z hlediska bezpecnosti provadéni.

POSTUP PRACI A TECHNOLOGIE HLOUBENI A RAZEB

Zadatkem roku 1997 byly zahdjeny piedstihové prace. Jednalo se pfedevsim
o prelozky inzenyrskych siti, zajistovani nékterych objektd se statickymi poru-
chami tryskovou injektaZi podzakladi ¢i pfimo pilotovymi sténami. Souc¢asné byly
zahajeny prace pro vyhloubeni jam. Vétsina jam byla po obvodu zaji$téna pilo-
tovymi sténami a prostor mezi pilotami byl vytéZen. Z téchto jam se nasledné
vyrazily vSechny liniové Useky kolektoru metodou NRTM, tj. okamZitou aktivaci
osténi tunelu TH vyztuzi ¢ ramy BRETEX a stfikanym betonem. Definitivni obe-
zdivku tvoii armovany beton - stropy jsou ze stfikaného betonu, spodni &ast pro-
filu do vySe cca 2 metry z dlivod(i spodni vody je provedena z litého betonu.

Pod ochranou tryskové injektaZe (délka cca 9,5 metru) byl razen typovy modul
Stoly o délce 8 metrll. Razba probihala ve dvou lavkach. V 1.lavce se vybouralo
Celo ze stiikaného betonu, které tésnilo ¢elbu pii injektazich. Byl proveden 1.
zabér razby. Do vyrazeného prostoru byly umistény ramy z TH vyztuze (MET-
ROSTAV pouzival v tsecich bez anomadlii rimy BRETEX). Za postavené ramy
byla zatazena sit S35 a vyrazil se dal$i zabér. Do vyrazeného prostoru byl posta-
ven dalsi rdm TH (dle podélného fezu oznageny XXIV), za néj byla opét zataze-
na sit. Dalsi postup byl shodny s pfedchazejicim, pouze se stavély vétsi profily
ram0 TH. Vyrazené a siti zapazené zabéry se nastfikaly do vnitfniho lice TH
betonem B20 tak, aby byl zaji§tén kontakt mezi sloupy tryskové injektdze a TH
ramy a maximalni vzdalenost nezastfikaného Useku od Celby byla 1,56 metru.
Timto zplisobem byl vyrazen cely "kornout', zatim pouze v 1. lavce. Razba 2.
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Obr. 1
Situacni schema podzemni komunikace a kolektorti - Pfikopy
Situation of the underground access road and utility tunnels - Piikopy

New Town branch, about 50 house connections, exhausts and suctions for ven-
tilation, inclusive a complicated exhaust in the building ,Slavic House".

The profile in the deep lines was chosen in such a way that the final concrete
lining may be min. 20 cm thick, 3.3 m high and 2.5 m wide.

The depth of the utility channel lines is about 14 metres under the level of the
roadway pavements and the depth of the under-surface line is about 6 metres
under the pavement level,

OVERBURDEN SUPPORT

After the experience with excavating utility tunnels Cl. and Cl.A, when in the
whole space layers of gravel sand of various grain size and of various time sta-
bility were found, inclusive clay partings and stone boulders, there was applied,
in this area, a proved technology for support of the overburden in deep lines by
means of columns made by jet grouting on the perimeter of the excavation (see
a longitudinal secfion of a typical work). By means of a special boring equipment
CASAGRANDE M5 SD, there were bored - with respect to geological problems
and designers’ requirements - 13 to 24 circumferential bores filled with clay-
cement mixture at a grouting pressure of 40 MPa. In this way a protective enve-
lope over the future vault was made, in the length of 8 to 12 m, enlarging in a fan
shape. Under the protective envelope there arise sections about 7 m long, into
which the TH or BRETEX frames are installed, so that certain ,cornets" arise.
The said method how to support an overburden which proved to be good during
the construction of the utility tunnel Cl.A., was also the most suitable here, under
these very complicated geological and geotechnical conditions, in spite of incre-
ased costs, viz. both from the technical point of view and with respect to the safe-
ty of work.

PROGRESS OF WORK AND TECHNOLOGY
OF EXCAVATIONS AND DRIVING

At the beginning of the year 1997 there were started works in advance. They
concerned, first of all, relaying of engineering networks, underpinning of some
buildings having static defects, viz. by means of a jet grouting under foundations
or directly by means of pile walls. At the same time there were started works for
excavation of shafts. Most of the shafts were secured by means of pile walls on
the circumference, and the space between the piles was excavated. Then, from
those shafts, there were started all line sections of the utility tunnel. The NATM
method was applied, i.e. the tunnel lining was immediately activated by means
of the TH or BRETEX frames, or shotcrete. The final lining is formed by reinfor-
ced concrete - the roof is made of shotcrete, the lower part of the profile, up to
the height of 2 m, is made, due to ground water, of cast concrete.

Under the protection of jet grouting (length of about 9.5 m) there was excava-
ted a standard modulus of a gallery, 8 m long. The excavation was carried out in
two benches. In the first bench there was pulled down the face made of shotc-
rete which tightened the face during the jet grouting. then was made the first
advance length of excavation.The TH frames (METROSTAV applied BRETEX
frames in sections without anomalies) were erected in the excavated space. The
welded mesh S35 was pulled behind the frames and another advance length
was excavated. A further TH frame (it was marked XXIV according to the longi-
tudinal section) was installed into the excavated space and behind it a mesh was
pulled in. Further process was identical with the previous one, only larger TH
frame profiles were applied. The internal face of excavated advances provided
with a mesh were sprayed with concrete B20, in the thickness corresponding to
the TH frames face, in such a way that a contact between the cilinders of the jet
grouting and TH frames may be secured, and that the maximum distance of the
unsprayed section from the face may be 1.5 m. In this way, the whole ,cornet”
was excavated, for the time being only in the 1st bench. The driving of the 2nd
bench extends the floor of the 1st bench by about 1.25 m. The installed TH fra-
me was lenghtened in the lower part up to the level of the floor of the 2nd bench.
Sides of the enlarging were secured by means of a Union sheet-pile forepoling,
so that no rock may not fall out of sides of the 1st bench. In this way, the whole
cornet was excavated and provisionally supported. Then the face was secured
by means of a casing, shoicrete was applied and the driving process was repe-
ated.

After having driven and supported the gallery by means of a provisional lining,
the concreting of the final lining is realized. After having placed the reinforcement
in the bottom of the ulility tunnel, the concreting of the bottom is performed. A hori-
zontal day joint is filled with a strip. The reinforcement has been installed in the
whole profile, the sides of the utility tunnel are concreted behind the formwork
being 2 m high. The roof is made of shotcrete, and the applied technology is the
same as for the provisional lining, but the surface treatment is much better.

SECURING OF THE UTILITY TUNNEL AGAINST
GROUND WATER

With respect to hydrologic conditions of the line, which will lake place after
restoring the regime at completing the construction of utility tunnels, there is evi-
dent the position of the utility tunnel floor under the ground water level in avera-
ge values from 0 up to 1 m, with the level swing + - 0.5 m, directly depending
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lavky spotivala v piibirce poévy 1, lavky o cca 1,25 melru. Postaveny ram TH byl
prodiouzen ve spodni ¢asti do Grovné poévy 2. lavky. Boky pfibirky se vétsinou
zajistovaly predrazenym pazenim union, aby nemohlo dojit k vysypani horniny
zpoza bokil 1. lavky . Timto zplisobem byl vyrazen a provizomé zajistén cely kor-
nout. Nasledné byla ¢elba zajisténa &ilkem, nastilkana betonem a postup razby
se opakoval.

Po vyraZeni a zaji$téni $toly provizomnim osténim se realizuje betonaz defini-
tivni obezdivky. Po uloZeni armatury ve dne kolektoru se provede betonaz dna.
Osetfeni pracovni vodorovné spary je feSeno vioZzenym paskem. Po instalaci
armatury v celém profilu se betonuji boky kolektoru do bednéni o vySce 2 metr.
Strop je ze stitkaného betonu stejné technologie, jako je provizomi osténi, ale
s daleko lepsf povrchovou Upravou.

ZABEZPECENI KOLEKTORU PROTI PODZEMNi VODE

Z hydrologickych poméra trasy, které nastanou po obnoveni reZimu pfi ukon-
geni vystavby kolektord, je zfejmé poloha pocvy kolektoru pod hiadinou pod-
zemni vody v promérnych hodnotach 0 az 1 metr s rozkyvem hladiny + 0,5 met-
ru bezprostiedné v zavislosti na kolisani stavu vody ve Vitavé s proudénim vody
pii bazi kvartérnich sedimentd. Konstrukéni feSeni vyzaduje zvySeni vodotés-
nosti osténi pii posouzeni technologickych moznosti vystavby. Pfi tomto rozho-
dovani hraje nemalou roli i finanénl naroénost navrhovanych uprav.

Koneénym névrhem byla technologie, kiera diferencuje jednotiivé useky
a moduly podle polohy viéi hladingé podzemni vody. PouZilym materidlem je
vodostavebni beton HV 4 o pevnostni tfidé B20 pro lity i stitkany beton. Pro tés-
néni vodorovné pracovni spary mezi dnem a boky osténi tunelu je vkladan ben-
tonitovy tésnici pasek Contec Waterstop RX 101, v mistech pfipadnych vad pod-
kladniho betonu je pouzivana paska Combijeckt s vioZenou injektaZni hadici pro
naslednou injektaz. Pro vytvofeni fizené pracovni svislé spary je instalovan
gumovy tésnici pas.

TECHNOLOGICKE A PROVOZNi VYBAVENI

Po dokondeni definitivniho osténi budou v celé délce kolektoru instalovany
ocelové konstrukce nosnikil, na kterych budou uloZeny inzenyrské sité jako plyn,
voda, kabely nizkého a vysokého napéti, telekomunikaéni kabely a potrubni pos-
ta. Pfipojkami a pomoci privrtl do objektd budou pfivedena média, které jedno-
tlivi majitelé objekt( pozadovali.

Nésledné bude provedeno provozni vybaveni kolektoru, které spogiva v jeho
osvétleni, vzduchotechnice, v méfeni a regulaci a v instalaci podtlakového ¢er-
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Obr. 3
Typicky pficny fez v zaCatku zabéru
Standard cross section at the beginning of the advance

upon the water level in the river Vitava, upon water streaming at the basis of
quarternary sediments. The design solution requires for water-tightness of the
lining to be increased, with consideration of technological possibilities of the con-
struction. When deciding such problems, financial exactness of proposed adap-
tations has an important role.

The technique which makes differences among individual sections and modu-
Ii according to the position with respect to the ground water level, resulted in the
final proposal. Waler retaining concrete HV 4, strength class B20, for cast conc-
rete and shotcrete, is the applied material. For sealing a horizontal day joint bet-
ween the boitom and sides of the tunnel lining, a bentonite sealing strip Contec
Waterstop RX 101 is inserted, in places of defects of the basic concrele there is
applied a tape Combijeckt with an inserted grouting hose for a subsequent grou-
ting. For making a controlled vertical day joint, a rubber sealing band is instalfed.

TECHNICAL AND OPERATIONAL EQUIPMENT

After completing the final lining, steel structures of girders will be installed.
Onto them engineering networks, such as gas, water, cables of low and high ten-
sion, telecommunication cables and pipe mail, will be installed. Media, required
by individual building owners, will be supplied through connections realized by
through holes into buildings.

Subsequently, the operational equipment of the utility tunnel will be realized,
which includes illumination, ventilation, measuring and control and installation of
underpressure pumping of mine water from utility tunnel galleries situated in the
lowest places.

MONITORING OF THE CONSTRUCTION

When excavating utility tunnels, it is necessary to find out the influence of
excavations upon the neighbouring rock and upon the neighbouring housing, and
in this way upon the safety of work as well. That is why a design for monitoring
the construction was elaborated. It determines methods of check monitoring and
of its assumed extent. It concerns in the first place the geodetic monitoring of the
subsidence zone on the surface, monitoring of the primary lining (especially
a convergence measurements), monitoring of level changes of ground water,
inspection of zones of weakened rock by means of geophysical methods, moni-
toring of individual houses within the driving process, and geological monitoring
of rock conditions during driving operations with a concurrent evaluation and
operational solution of unfavourable influences.

Thanks be to the said monitoring that during the course of this construction no
serious problems appeared which would cause that the work had to be stopped
or that a negative influence upon environment would appear.
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okolni horniny a na pfilehlou zastavbu, a tim i na bezpecnost prace. Proto byl
zpracovan projekt kontrolniho sledovani stavby. Ten urcuje zplisoby kontrolniho
sledovani a jeho pfedpokladany rozsah. Jedna se pfedevsim o geodetické sle-
dovani poklesové zény na povrchu, monitoring primarniho osténi (zejména kon-
vergenéni méfent), sledovani kolisani hladiny podzemni vody, kontrola zén osla-
bené horniny geofyzikalnimi metodami, sledovani objektt zéstavby v pribéhu
razeni a geologické sledovani horninovych podminek pfi raZeni s pribéznym
vyhodnocovanim a operativnim feenim nepiiznivych vliva.

Diky tomuto sledovani stavby nedoslo v pribéhu vystavby k zdvaznému pro-
blému, ktery by zplsobil zastaveni vystavby nebo mél vazny negativni vliv na
okolni prostredi.

STAVAJICI INZENYRSKE SITE A VZNIKLE PROBLEMY

Velkym problémem v této oblasti je nevyhovujici stav inZzenyrskych siti, vodo-
vodnich a predevsim kanalizaénich fadd. Na zavadu je nejen fyzicky stav kana-
lizace, kterd v mnohych pfipadech byla zprovoznéna na zacatku tohoto stoleti,
ale i dokumentace, ktera velmi ¢asto neodpovida skute¢nosti. To se projevilo
pfedevsim pfi injektazich , kdy pfi vrtech byla pfevrtdna nezdokumentovana pii-
pojka, v horsich pfipadech vnikla injektazni smeés narusenymi piipojkami az do
hlavniho kanalizagniho fadu. ZvaZovalo se nékolik zplsobl ochrany porudenych
pfipojek:

1) vizualni sledovani stoky - injektaz vyzadovala neustale pfitomnost jednoho
pracovnika, ktery na vyron injektazni smési okam?Zité upozornil, injektaZ byla pre-
ruSena a vytekla smés rozplavena,

2) sanace kanalizaénich pfipojek - pfed vlastnimi injektdZzemi sanovat poruge-
nou pfipojku polyetylénovou vystelkou nebo zhotovit novou pfipojku. Tato meto-
da byla 1x pouZita, mnohonasobné by se vak zvysil naklad stavby a doslo by
k vyraznému ¢asovému prodlouzeni praci,

Bézné byla uplatiovana varianta ¢. 1, ktera se ukazala nejen finanéné ale
i dasové vyhodnéjsi.

Dal$im problémem, ktery se dafilo a v sou¢asné dobé stle dafi fesit, je umis-
téni stavby v centru Prazské pamatkové rezervace v mistech s nejvétsi turistic-
kou ndvstévnosti. Z toho vyplyvaji opatient, ktera stavbu omezuji oproti ptivodni-
mu zadani, spolivajici pfedevsim v neustalém tlaku na zmenSovani zabori
a jejich drivéjsi opusténi, nez bylo plvodné povoleno. Pfisné je sledovana povo-
lend hlucnost staveb a prasnost. S vystavbou v Prazské pamatkové rezervaci
souvisi i archeologicky prizkum, ktery ofekdval bohatd naleziété v oblasti
pavodniho hradniho pfikopu. Bohuzel pro archeology, ale mtzeme fici bohudik
pro stavbu, byly ndlezy minimalni a zdrzeni, i kdyZz nékdy velmi nepfijemna,
neméla zésadni vliv na prodlouZenf vystavby. ’

Stavbou v centru Prahy byla naruSena i plynulost dopravy v této oblasti. To se
negativné odrazilo i pfi zasobovani staveb materialem a pfi odvozu rubaniny na
skladku po predem povolenych trasach.

ZAVER

Kolektor Pfikopy je rozsahlé dilo, které se po svém dokonceni stane soucasti

Obr. 4
Provadéni tryskové injektaze
Execution of jet grouting

EXISTING ENGINEERING NETWORKS
AND ARISEN PROBLEMS

The inconvenient condition of engineering networks, water piping and first of
all of sewers, represent a considerable problem. The said problem resides not
only in the physical condition of sewerage which, in many cases, was put into
operation at the beginning of this century, but also in the documentation which
often does not comply with the reality. That made troubles especially at grouting
operations, when, at performing the bores, a non-documented connection line
was drilled through, in worse cases the grouting mixture penetrated by damaged
ducts up to the main sewer. There were considered several methods how to pro-
tect any connection line or duct against damage:

1) visual monitoring of a sewer - any grouting operation required a permanent
presence of a worker who immediately informed of an escape of a grouting mix-
fure, the grouting was stopped and the escaped mixture was thinned down with
water,

2) rehabilitation of sewerage branch lines - before the proper grouting opera-
tions, to rehabilitate the damaged connection piping by means of a polyethylene
lining or to make a new one. This method was applied once, but the constructi-
on costs would be increased many times, and the deadline for completing the
construction would be considerably delayed.

Usually there was applied the variant No. 1 which proved to be more conve-
nient both from the financial point of view and from the time one.

Another problem which was and at present is successfully solved, is the situa-
tion of the construction in the centre of the Prague historical area, where a very
high attendance of tourists takes place. The said fact requires many measures
which limit the consfruction with respect to the original design. There exists per-
manent pressure to decrease occupied areas and to leave them sooner than it was
originally allowed. The allowed noise and dust abatement is rigidly watched. Any

. construction within the Prague historical area has something to do with an arche-
- ologic research which expects rich founding-places in the area of the original cast-

le ditch. Sorry for archeologists, but thanks be to God for the construction, there
were minimum findings, and the minimum delay, but sometimes very unpleasant,
but it had no fundamental influence as to the deadiine of the construction.

The construction in the City centre affected even the traffic in this area, which
also affected the supply of material to the construction site and the transport of
muck to a spoil heap. The transport had to take place only on roads allowed in
advance by respective authorities..

CONCLUSION

The utility tunnel Piikopy is an extensive work, which, after its completing, will
become a part of the ulility tunnel network in the centre of Prague. But it is impor-
tant that the present-day development of the utility tunnel network may continue
in the future, because only by keeping the said principle, the condition can be ful-

Obr. 5
Razba 1. lavky zabéru kolektoru
Excavation of 1st bench
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kolektorové sité v centru Prahy. DileZité vSak je, aby sou¢asny rozvoj kolektoro-
vé sité byl nadéle zachovén i do budoucna, nebot pouze dodrzenim této zasady
miize byt spinéna podminka, Ze rozvijeny systém koleklorl bude plsobit jako
jeden funkéni celek. Tato myslenka se zaéing jiz napliovat v oblasti Prahy vyme-
zené pravou stranou VAclavského namésti a celou Staroméstskou Easti az k pra-
vému bfehu Vltavy, kde dokonéenim vystavby Kolektoru Cl. a jim zasobujicich
ostatnich kolektord |l. kategorie by mélo byt v provozu do konce tohoto stoleti
zhruba 11 kilometr@ kolektor(. Prospésnost kolektorizace této lokality by se méla
uréité odrazit i v rozvoji myslenky vystavby kolektorl na druhé strané
Vaclavského namésti, probihajici v oblasti ulic Vodickova a Jungmannova az
k Uhelnému trhu, kde by mélo dojit v budoucnosti k jejich napojeni na hlubinny
Kolektoy Centrum |.

i

Obr. 6
Primarni osténi kolektoru. Pfipraveno pro uloZeni armatury.
Primary lining of the utility tunnel. Ready for fixing rebars.

Obr. 8
Monolitické definitivni osténi bok( kolektoru
In-situ final lining of walls.

filled that the developed system of utility tunnel will serve as one function unit,
The said idea starts to be performed in the area of Prague limited by the right
side of the Wenceslas Square and by the whole Old Town part up to the right
bank of the river Vitava. In this area, when completing the construction of the uti-
lity tunnel Cl. and respective utility tunnels of the lllrd category, at the end of this
century there should be operating about 11 km of utility tunnels. The benefit of
the utility tunnel netwark should affect even the idea to develop the construction
of utility tunnels even on the other side of the Wenceslas Square, in the area of
streets Vodickova and Jungimanova up to the Coal Market, where, in the luture,
their connection to the deep utility tunnel Centre I. might be realized.

Obr. 7
Ukladani armatury dna kolektoru. Plechové pasky v pracovni spafe.
Fixing rebars in the tunnel botom. Steel bands in the day-joint.

Obr. 9

Provedeno definitivni osténi dna i bokd kolektoru. Pripravena armatura pro stfikany beton
stropu.

Final lining of the bottom and walls completed. Rebars for spraying the roof
prepared.
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SBERAC "P"
NOVA SOUCAST PRAZSKE KANALIZACNI SITE

COLLECTION SEWER "P",
A NEW PART OF THE PRAGUE COLLECTION SYSTEM

PROF. ING. JIRI BARTAK, DrSC. - CVUT FSV, KATEDRA GEOTECHNIKY
ING. JOSEF KRATKY - VODNI STAVBY, A. S., DIVIZE 03

uvoD

Zaklady rozsahlého prazského kanalizaéniho systému byly poloZeny jednak
44 kilometry stok, zbudovanych v r.1816 zasluhou hrabéte Chotka (odvadély vSak
splaskové vody do Vltavy bez ¢isténi), predevsim v8ak 90 kilometry jednotné kanali-
zadni sité W.H.Lindleye, svedené do prvni ¢istimy odpadnich vod v Praze-Bubenéi
(1907).

QOd pocatku 20. stoleti se prazsky kanalizaéni systém nepfetrzité rozsifuje a moder-
nizuje. Dnedni kanaliza¢ni sit dosahuje Uctyhodnych cca 2.500 km délky; systém je
pribézné opravovan, rekonstruovan a rozsifovan o nové postavené Useky. V souCas-
né dobé je dokoncovan kanalizaéni sbéra¢ "P", ktery zvétsi celkovou délku stavajici-
ho systému o dalsich 2,8 km.

Kanaliza&ni sbéra¢ "P" Chaby-Reporyje-Jihozapadni mésto navazuje na jiz dfive
zbudovanou ¢ast sbérace (Subterra 1982-84) vedenou z Jihozépadniho mésta Gdolim
Prokopského potoka smé&rem na Smichov. Dodavatelem v sou¢asné dobé dokonéo-
vané ¢asti sbérace "P" (realizace od 04/97 do 03/2000) je akciova spole¢nost Vodni
stavby, vlastni realizaci provadi stavebni divize 03 a Ingstav Brno a.s.

Realizaéni dokumentace byla zpracovana Metroprojektem Praha a.s., investorem
stavby je Magistrat hl.m.Prahy - odbor méstského investora, zastoupeny inZzenyrskou
organizaci ZAVOS s. s 1.0.

SMEROVE A VYSKOVE VEDENI TRASY SBERACE

Trasa sbérace propojuje oblast Jihozapadniho mésta a Stodllek (navazani na sta-
vajici ¢ast sbérace) s Reporyjemi a oblasti pfedpokladané vystavby jihovychodné od
Chab, jak je patrné ze schematické situace na obr.1.

Budovana trasa sbérade "P" ma tfi konstrukéné i kapacitné odlidné useky:

1. isek mezi $achtami SO (JZM) a S3 (Reporyje) je dlouhy 1730 m, ve spadu 0,4%,
s pratoénym profilem DN 2000 mm. Nadlozi je proménlivé vySky; maximalni hodnota
je cca 55 m, na krajich Useku cca 30 m (SO) resp. cca 10m (83) Usek byl razen pomo-
ci tunelovych vyloznikovych fréz a zajistovan s vyuzitim principi NRTM.

2. Gisek mezi achtami $3a 512j je dlouhy 397 m, ve spadu 0,4%, s prutocnym pro-
filem DN 1000 mm. NadloZi je mirné proménlivé vysky, ktera ¢inf primémé 8,0 m.
Usek byl tunelovan pomoci nemechanizovaného &titu C 200 cm.

3. Usek délky 690 m je hloubena kanalizace s pratoénym profilem DN 500 mm.

Tento ¢lanek se zaméfuje pouze na popis vystavby stoky "P" v 1. lseku, provadé-
ném divizi 03. Informace o geologickych a hydrogeologickych pomérech ma platnost
obecnégjsl.

e
/.
s ——omne
/ Chaby

" 3. tsek
.sect/on3 2. usek

\\emon 2
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%
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Obr. 1
Situaéni schema sbérace “P"
Location sketch of the collection sewer "P”

” ~

INTRODUCTION

The Prague collection system was founded thanks to count Cholek in 1816 by laying 44
kilometers of sewers, transmitting the waste water to the Vitava river without any treatment,
and, above all, by laying 90 kilometers of W.H.Lindley's combined sewerage system, dis-
charging into the first waste water treatment works in Prague-Bubenec in 1907.

Since the beginning of the 20th century, the Prague sewerage system has been sleadily
expanded and kept up-dated. The sewerage network of today is reaching a remarkable
length of about 2,500 km. The system is continuously repaired, refurbished and expanded.
Currently, the collection sewer "P" is being completed. It will extend the total length of the
existing system by additional 2.8 km.

The collection sewer "P" from Chaby, via Reporyje to South-West City links to the sewer
section built by Subtera company during 1982-1984, running from South-West City via the
Prokop Valley towards Smichov district. The part of the sewer "P" which is currently being
completed (from Apr. 1997 to Mar. 2000) has been performed by the contractor Vodni Stavby
a.s., namely by its construction division No.03 and Ingstav Brno a.s..

Execution documents have been engineered by Metroprojekt Praha a.s.. The
Department of the City Investor of the City of Prague, who is the owner of the project, has
been represented by ZAVOS s. s ro., an engineering organization.

ALIGNMENT OF THE COLLECTION SEWER

The alignment of the sewer connects the region of South-West City (SWC) and Stodulky,
where it links to the existing part of the collection sewer, with Reporyje district and with the
region of planned development to the south-east from Chaby municipality (Figure 1).

The route of the collection sewer "P* which is under construction comprises three secti-
ons, which differ both in their structure and capacily:

Section 1 between shafts S0 (in SWC) and S3 (in Reporyje municipality) is 1,730 m long,
in the gradient of 0.4%, with the passage section DN 2000 mm. The overburden depth is
variable, 55 m as a maximum, at the ends of the section about 30 m (S0) and 10 m (S3) res-
pectively. Principles of NATM were utilized for support of the excavation, performed by
means of roadheaders.

Section 2 between shafts S3 and 812 is 397 m long, in the gradient of 0.4%, with the pas-
sage section DN 1000 mm. The overburden depth is slightly variable, 8.0 m as an average.
This section was driven with a 200 cm diameter non-mechanized shield.

Section 3 is a 690 m long sewer DN 500 mm, built in an open french

This article is focused on description of the collection sewer "P" section 1 construction,
which was performed by the Division 03. The validity of the information about geological and
hydro-geological conditions is more general,

ENGINEERING-GEOLOGICAL CONDITIONS ALONG
THE ROUTE OF THE COLLECTION SEWER

It was unequivocally obvious from the results of the engineering - geological (EG) survey
[1] that the tunneled sections would mostly pass through a bedrock created by a folded com-
plex of sedimentary rocks of the Middle and Upper Ordovician Period and the Lower Silurian
Period, with volcanic intrusions of diabase bodies and dikes.

From the stratigraphic point o view, the Ordovician Period is, along the sewer route,
represented by Zahorany, Bohdalec, Kosov and Kraluv Dvur stratas, the Silurian Period is
represented by Liten strafas.

From the lithological point of view, it is mostly the matter of shales and powdery gneissic
rocks (in Zahorany, Bohdalec and Kraluv Dvur stratas - Figure 2). The Kosov strata compri-
ses sandy gneissic rocks to sandstones, partly greywackish gneissic rocks to greywackes.

Products of diabasic volcanism present a special kind of rocks in the sedimentary environ-
ment. Theoretically, they can occur in Zahorany, Bohdalec and Kraluv Dvur stratas. They were
located by the geological survey performed along the route of the sewer mainly in the Zahorany
stratas, Oulside the massive intrusion proper, the volcanic rocks had many variants, i.e. amyg-
daloidal rocks, lumpish tuffs, tuff interbeds in clayey sediments (Figure 3). Also hydro-thermal-
ly decomposed tuffs of a character of light plastic clays of a meek consistency occurred,

The tectonic disturbance of the rocks in the given area is quite considerable. The bedding
of the rocks globally corresponds to the Barrandien structure, which fact itself suggests the
SW-NE general directions of discontinuities. Although, in detail, the tectonic disturbance of
the massif is substantially more intricate, mostly formed by several, 3 and more, systems of
planes of weakness in the rock.

Tectonic processes in the pelitic rocks (black shales) was mostly very intensive. The
rocks are kneaded and form sliding surfaces and tectonic mirrors. Both the rupture and plas-
tic deformations can be observed. This type of the tectonic process was registered by the
geological moniloring as the most frequent one during measurement of structural-tectonic
characteristics (Figure 4).

In psamitic rocks (quartzites, sandstones - Figure 5), the bedding structures were usual-
ly pronouncedly fractured both transversally and longitudinally by orthogonal systems,
Results of a more chaotic tectonic process, without obvious regularity, were often found in
basaltine intrusions.
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INZENYRSKOGEOLOGICKE POMERY V TRASE SBERACE

Na zékladé provedeného IG prizkumu [1] bylo jednoznadné zigjmé, Ze tunelové
useky budou vesmés prochazet skalnim podkladem, tvofenym zvrasnénym komple-
xem sedimentamich hormin stfedniho a svrehniho ordoviku a spedniho siluru s vulka-
nickymi priiniky diabazovych téles a Zil.

Ze statigrafického hlediska je ordovik v trase sbérade zastoupen vrstvami zaho-
fanskymi, bohdaleckymi, kosovskymi a kralodvorskymi, silur je prezentovan vrstvami
litefiskymi,

Z litologického hlediska se jedna pfevazné o jilovité a prachovité biidlice {zahofan-
skeé, bohdalecke a kralodvorské vrstvy - obr.2), v kosovském souvrsivi jsou zastoupe-
ny piscité bridlice az piskovce, zéasti drobove bridlice az droby.

Zviastnimi hominami v sedimentarnim prostiedi jsou produkly diabazového vulka-
nismu. Teoreticky se mohou vyskytovat v zahofanskych, bohdaleckych i kralodvor-
skych vrstvach, v trase sbérace byly pii geologickém sledovani razby lokalizovany
hlavne do vrstev zahoranskych. Mimo viastni masivni intruzi mély vulkanické horniny
mnoho variant - hominy dutinaté (mandlovcové), kusovité tufy ("zabaky"), tufiticke
viozky v filovitych sedimentech (obr.3); vyskytly se i hydrotermalné rozloZené tufy cha-
rakteru svétlych plastickych jiii mékké konzistence.

Tektonické poruseni hornin v dané oblasti je pomémé znaéné, UloZeni homin glo-
balné odpovida barrandienské strukiufe, z éehoz vyplyvaji generalni sméry diskonti-
nuit JZ-8V. V delailu je viak tektonické poruseni masivu podstain@ sloZitési, tvofené
vétsinou nékolika puklinovymi systémy (3 a vice),

V pelitickych horninach (Semé jilovité biidlice) je vétinou teklonizace velmi inten-
zivnl, horniny jsou prohnétené do kluznych ploch a tektonickych zrcadel; jsou patmé
rupturelni i plasticke deformace. Tento typ tektonizace byl geclogickym sledem regist-
rovan pii méfeni stukturné-tektonickych prvkil jako nejrozéirend|si (obr.4).

Obr. 2
Celba v homogennim horninovém prostfedi jilovitoprachovitych biidlic. Pieviadajici geolo-
gicka stavba v trase sbérace P.

The face in homogenous rock conditions of clayey-powdery gneissic rocks. Prevailing
geological composition along the route of the collection sewer “P".

Obr. 3

Detail kontakiu ordovickyeh bridlic v nadlozi a vulkanického komplexu v podio?i. Bilé jsou
jilovité tutogenni hominy — plastické, tadivé.

Detail of the contact of Ordovician gneiss in the overburden, and the volcanic complex in
the bedrock. The white ones are clayey tuffaceous rocks - plastic, squeezing.

From the hydrological point of view, it was possible to expect a continuous water table in
the overburden only. However, a waler-bearing area of discontinuities, which originated in
the massif as a result of strong tectonic processes, discharged intensively into the excava-
ted space afler its connection with the excavation. The inflows, anticipated at the rate of
11/s, increased often as high as to several liters per second (max. 10 I/s).

HEADING AND SUPPORT OF THE COLLECTION SEWER

The design expected that the adit would be excavated by using the New Austrian
Tunneling Method [2]. There was an expectation that the works would be rated, in the sys-
tem proposed by Tesar, as NATM classes 2 and 3. The consulling engineer developed, with
respect to the expected variability of the geological conditions and the past tectonic proces-
ses in the massif, six categories of the primary lining, comprising basically 10 cm of shoic-
rete combined with rock bolts and steel ribs in varying number (Figure 6). This designed pro-
cedure was followed successfully in favorable conditions.

Although, the actual conditions of the excavation were often quile different from the
expected ones, mostly worse than expected. The shales were strongly tectonically faulted in
several systems with dense network of discontinuities, they were kneaded and bearing
water, with both concentrated and pressure springs flowing from the discontinuities and dis-
location surfaces. Neither the stability of the excavation was good in the water bearing are-
as. For that reason, the NATM was abandoned for the work in the long faulted sections. The
method was swilched o the classical support by "TH - steel arches" and "UNION" steel lag-
ging. Locally, it was necessary to divide the face horizontally.

The heading proper was performed with roadheaders, with a partial excavation of the
face.

The decision to use this method of excavation was made with respect to the strengths of
the rocks, which were expected according to the EG survey, i.e. mostly the compression
strengths up to 20 MPa, exceptionally over 60 MPa, In definite terms, ALPINA MINER F6,
suitable for the compressive strength up to 20-50 MPa, was used for the excavation on an
up gradient from the shaft S0 towards S1. DOSCO 2MK roadheader, suitable for the com-
pressive strength of 50-80 MPa, was deployed for the excavation on a down gradient from
the shaft S8, where harder rocks (diabase) had been expected.

Blasting was exercised for sinking the shafts S0 (30 m deep), S2 (40 m deep) and S3
(10 m deep), for excavation at intermediate points of attack from the both shafts S0 and S3
(excavation of a 14m-long connection adit to the existing collection sewer in 523), and, abo-
ve all, for excavation of two 100m-long sections adjacent to the shaft S2. Partial blasting
work was performed ahead of the roadheaders in the sections where harder rock was
encountered.

The geological documentation of the mining work [3] was prepared, and monitoring of the
tunnel convergence [4] and measurement of deformations of the buildings on the surface of
the territory [5] performed in compliance with the stipulations of the Notice of the Czech
Mining Authority No. 55/1996 Col. The safety measurements of subsidence generally indi-
cated the values under the fimil, with an only exception of the building No.1 in Reporyje,
whose foundation was exiremely bad. As a result of the mining wark, the building settled

Obr. 4
Detall virazného tektonického porudeni horninového masivu. Pravdépodobné podobné
jevy - poklesy, posuny, viek a dreeni existuji i v pelitickych a aleuritickych hornindch
nejsou viak pii bézngé prohlidee dostateéné kontrasini,

Detail of a tectonic fault of the rock massif. Probably similar phenomena - subsidence,
shifting, towing and crushing - exist in pefitic and aleuritic rocks, but they are not conlrast
enough on an ordinary inspection,

Obr. 5

Anomaln( prostiedi v piskovich (kfemencich). Lavicovité, tvrdé hominy se zfetelnym kfizo-

wym zvrstvenim (vpravo ve stiedu), Frézou obtizné rozpojiteina homina.

An anomalous environment in sandstones (quarizites). Banks of hard rock with distinct

Emsa'ls bedding (on the right side from the center). The rock is hard to excavale with road-
eader.
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V psamitickych horninach (kiemence, piskovce - obr.5) byly vrstevni slruklurz‘abvy-
kle v{y;razné pficné a podéiné rozpukany anogonalnfmi systemy; v bazaltoidnich intru-
zich byla casto patma tektonizace chaoliétéjsi, bez zjevnych zakonitosti.

Z hydrologického hlediska bylo moZno oéekévat souvislou hladinu podzemni vody
pouze v pokryvnych Utvarech. Viivem silné tektonizace masivu se v ném viak vytvari
puklinova zvoden, kiera byla po propojeni hlavnich puklinovych kolektord s raZenym
dilem intenzivné vyprazdnovana do provedeného vyrubu. Predpokladaneé piitoky ve
vysl do 1 s éasto vzristaly az na piitok nékolika vtefinovyeh litrG (max. 10 I/s),

RAZENI A VYSTROJOVANI SBERACE

Projekt pfedpokladal provadéni Stoly Novou rakouskou tunelovaci metodou [2]. Na
zakladé prazkumnych Gdajl bylo pfedpokladéano zafazeni dila do 2. a 3. tiidy NRTM
dle Tesare. Projeklant zpracoval, vzhledem k pfedpokladané variabilits eologickych
podminek a tektonizace masivu, Sest kategoril primarniho osténi, tvofeného zasadné
10 em stfikaneho betonu, doplfiovaného v riizné Eetnosti kotvami a vyztuznymi zebry
(obr.6). V piiznivych podminkéch byl projektovy postup Gspésné aplikovan,

Skuteéné podminky razby vak byly od samého zadatku Gasto dosti odligné od
predpokladanych, zejmena pak horSi. Jilovité bfidlice byly tektonicky siiné porusené
v nékolika systémech a velkou hustotou diskontinuit, prohnétené a silné zvodnalé, se
soustfedénymi i tlakovymi vyrony z puklin a dislokacnich ploch. Zejména ve zvodné-
Iych pasmech nebyla dobra anj stabilita vjrubu, proto se pfi provadéni primérni vystro-
jev rozséhl?ch porugenych Usecich od pouZiti NRTM upustilo a pfesio se na klasické
vystrojovani pomoci TH-raml s ocelovymi paZinami UNION, mistné i s vyuzitim hori-
zontalniho ¢lenéni celby.

Vlastni razba byla provadéna pomoci razicich strojii s diléim zabérem éela (vyloz-
nikovych fréz).

Q nasazeni tohoto zpiisobu razby bylo rozhodnuto vzhledem k pevnostem hornin,
které |G prizkum predpokladal zastihnout, 1j. v pievazné mife hodnot pevnosti v tiaku
do 20 MPa, ojedinéle ne vice nez 60 MPa. Konkrétné ze Sachty S0 pro dovrehni raz-
bu smérem 51 byla pouzita ALPINA MINER F6 (vhodna do 30-50 MPa), ze Sachty 53
pro ofekavané vyskyty tvrdsich homin (diabas) na Gpadni razbu byla nasazena fréza
DOSCO 2MK (vhodna pro pevnosti do 50-80 MPa).

Trhaci prace byly pouZity pro hloubeni $achet S0 éhl,som), 52 (h.40 m) a 83
(hl.10m), pfi razbé pro proveden rozrazek obou Sachet S0 a S3 (u 50 razba 14-ti met-
rového napojeni na stavajici shéraé v 523) a zejména pak razba oboustranné piilé-
hajicieh 100 m Gsekd k Sachié S2. Provadélo se i "pristfelovani® pred frézami v nékte-
rych tvrdaich horninovych partiich. .

V souladu s ustanovenimi a pozadavky vyhldsky CBU &.55/1996 Sb. byla v priibé-
hu razeb pofizovana geologicka dokumentace razeb [3] sledovan! konvergencl vyru-
bu [4] a méfeni deformacl stavebnich objektd na povrehu (zemi [5]. Provadéna bez-
pecnostni méfeni vesmés vykazovala podlimitni hodnoty, s jedinou vyjimkou mimo-
radné patné zalozeného objektu &p. 1 v Reporyjich, u néhoz doslo viivem razby pfi
sednuti pfes 20 mm k poskozeni nadprazi stodolovych vral. Jiné objekly nebyly pro-
vadénymi razbami prokazatelné dotéenﬁ,

Pokﬁd se tyka pouzitl vyloznikovych iréz pfi razby, lze uvést nékteré zajimavé
poznatky:

1) Obé nasazené frézy jsou [iZ staréiho data vyroby a byly pro tento (éel repasovany.
Ekanomicka rozvaha tento postup jednoznaéné preferovala pfed investicf do nového,
respeklive novych strojii, Presta casté poruchy daly signal, Ze pii pfipravé razeb pod-
zemniho dila je tfeba kvalité strojniho vybaveni vénovat znaénou pozomost.

2) | tak se rozhodnuti upfednostnit razby pomoci fréz na vyloZniku pfed razbou pomo-
¢l trhacich praci ukdzalo jako spravné. Nékteré obtize - pavnost hornin obéas byla na
hranici moznosti frézy ALPINE, zvodnéla pocva vedla az k rozbahnéni pod manipulu-
jicim strojem (zejména pfi Upadni razbé) a také prostorova stisnénost v oblasti celby
Stoly - vBak byly vysoko prevazeny nespornymi vyhodami. K nim patii zejména mini-
malni nadvylom, miniméini narueni masivu, efiminace hiuku a seismickych Géinka na
obsluhu a zéstavbu (v&. kiiZeni s trasou metra "B') a podstalné vétsi operativnost
oproti razbé pomoci trhacich praci. Velkou vyhodu strojové razby viak lze spatfovat
v tom, Ze razba mohla byt provadéna i v mistech, kde jsou trhaci prace vylougeny
(prakticky cela trasa v prostoru obce Fieporyje). Jedn4 se o progresivni zpisob razby,
ktery ve vhadnych podminkéch vyraznym zptisobem snléuHe Eracnost zvySuje bez-
peénost a umoziuje dosahnout vysstho vykonu ve srovnanl s ilasickou razbou.

POSTUP PRACI

Préce probfhaiz ve dvousménném provozu, a to vé. sobot a nedéli. Treti sménu, pfes

maximalni snahu, nebylo povoleno provozovat.

Klicové terminy vystavby: Celkova délka vyrazenych usek(:
Predani stavenisté SO 5.04.1997  ALPINA 915 m
Zahajeni raZeb - rozrazka (30) 10.07.1997 DOSCO 566 m
Zahajeni razby frézou (50) 15.08.1997  Trhaci prace 240 m
Predani $3 25.07.1997

Pfedani 52 ) 2.10.1997

Zahdjeni razeb 53 - §2 25.10.1997

Razba u S2 obéma sméry 25.03.1998

Prorazka S2 -S3 3.08.1998

Prorézka S0-S2 21.01.1999

PrGimérné vykony: Maximalni vykony:

- sménovy im - sménovy 3m

- 1 gelba denni 2m -1 ¢elba denni 45m

- 1 ¢elba tydenni 15m - 1 ¢elba tydenni 30m

- 1 ¢elba mésicéni 60 m - 1 gelba mésiéni 98 m
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Zpracovala firma IKE Praha, 2/39.

down more than 20mm, which fact caused a damage to a header joist above the barn gate.
No other buildings suffered a provable damage due to the excavation work.

The following interesting lessons, drawn from the use of the roadheaders, are worth men-
tioning:

1. gBoth roadheaders used for the excavation were quite old. They had to be refurbished.
The economic consideration explicitly preferred this solution to an investment into a new
machine/machines. Although, frequent defects signaled that it was necessary to pay a lot of
attention to the quality of equipment during preparation of excavation of underground wor-
kings.

g. Despite that fact, the decision to prefer the excavation with roadheaders to the drill and
blast excavation showed correct. Some of the difficulties, as the fact that the strength of the
rock was, at times, at the limit of capacily of the ALPINE roadheader, that the water logging
turned the invert under the operating equipment to mud (mostly on the excavation on a down
gradient), and that there was a lack of space at the face of the adit, were highly outweighed
by undisputed advantages. They are, above all, minimum overbreaks, minimum disturban-
ce to the massif, elimination of noise and seismic effects on operators and on the urban
development (including the conflict with the Metro line "B"), and significantly higher level of
operativeness compared to the drill and blast excavation. A great advantage of mechanized
excavation can be seen in the fact that it could be performed even in such places where the
blasting was prohibited (effectively along the whole route under Reporyje municipality). It is
a progressive mining technique, which, in favorable conditions, considerably diminishes the
quantity of work invested, increases the level of safety, and makes it possible to achieve hig-
her rates of advance compared to the classical excavation.

PROGRESS OF THE WORK

The work was performed in a two-shift operation, including Saturdays and Sundays. Despite
of a lot of efforts, it was not allowed to operale the third shift.
Key terms of the construction:

Site hand over for SO 05/04/1997
Commencement of excavation - attack point at SO 10/07/1997
Commencement of excavation with the roadheader (S0) 15/08/1997
Hand over of S3 25/07/1997
Hand over of S2 02/10/1997
Commencement of excavation between S3 and S2 25/10/1997
Excavation in both directions from 52 25/03/1998
Breakthrough S2 - 83 03/08/1998
Breakthrough S0 - 52 21/01/1999

Total length of the mined sections

ALPINA 915m

DOSCO 566 m

Drill and blast 240 m

Average advances: Maximum advances:

- per shift im - per shift 3m
- 1 heading per shift 2m - 1 heading per shift 4.5m
- 1 heading per week 15m - 1 heading per week 30m
- 1 heading per month 60m - 1 heading per month 98m
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Obr. 6
Profil pro frézu DOSCSO pii pouziti NRTM
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DEFINITIVNi OSTENI KANALIZACNIHO SMERACE , P
V USEKU JZM-REPORYJE V PRAZE

FINAL LINING OF THE COLLECTION SEWER ,,P*
IN THE SECTION JZM-REPORYJE IN PRAGUE

ING. MILOSLAV NOVOTNY, VODNI STAVBY, A. S.
ING. JIRI RUZICKA, METROPROJEKT PRAHA, A. S.

uvob

Tento piispévek navazuje na ¢lanek ProdiouZeni sbérace P, ktery byl uverejnén
v Gasopisu Tunel & 2/87. Autor &lanku Ing. Miloslav Novotny v ném informoval o celé
stavbé prodiouzeni kanalizaéniho sbérace ,P" v Useku Jihozapadni mésto-Reporyje
v Praze. V nasem prispévku se soustiedime pouze na problematiku definitivnino
osténi v éasti dila mezi Sachtami 50 az 53, kde je realizovan nejvétsi svétly profil DN
2000 mm v celkové délce 1730 m.

KONCEPCE DEFINITIVNIHO OSTENi

Definitivni osténi je viastné dvouvrstva konstrukee, kterou tvofi prosty beton minimal-
nf toustky 200 mm a licnf vrstva ze sklolaminatovych trub HOBAS loustky 58 mm,
Staticky velmivyhodny kruhowy profil umoziiuje pro definitivni osténi navrhnoul beton niz-
& pevnosti a tim péadem Ize pro jeho vyrobu pouZit tekutou cemento-poplikovou smes.

Zcela odlisné soucinitele tepeiné roztaznosti betonu a sklolaminatovych trub neu-
moziuje oviem predpokladat dokonalé spojeni téchto dvou materiali. Zaroved neni
mozno predpokladat dokonalou vodotésnost definitivaiho betonového ostent.
Paradoxné z toho vyplyva, Ze diky dokonalé vodotésnosti trub a jejich spojli je nutne
je dimenzovat na zatiZeni pinym hydrostatickym tlakem odpovidajicim plvodnimu sta-
vu hladiny spodnich vod. Zvodnéld poruchova pasma zastizena v pribéhu razby sto-
ly potvrzujl predpoklad, Ze po dokondeni stavby s dokonale vodotésnym osténim
dojde k obnoveni pivodniho rezimu spodnich vod. Dodavatel ve spoluprdcl s projek-
tantem pfipravuje opatieni, aby bylo mozno nasledn& provadeél méreni tlaku vody za
sklolaminatovymi troubami i po dokonéenf dila. Vysledky téchto méfeni by byly velmi
dilezitou pomiickou phi pfipravé dalsich staveb obdobného typu.

VNITRNI PLAST OSTENI

Vybér materialu, klery mél tvoiit definitivni pritoény profil prodlouzeni sbérace P*
z Jinozapadniho mésta do Repory] a Chab, proved| investor stavby ve spolupréci
s naslednym provozovalelem dila, tedy konkrétné Magistrat hlavniho mésta Prahy,
adbor méstského investora s Prazskymi vodovody a kanalizacemi. Pfi rozhodovani,
kierou materialovou variantu zvolit, se posuzovaly rizné materialy ve vztahu k Gcelu
dila a mistnim podminkam, Vysledkem byl vybér trub HOBAS a Ize pfedpokladat, Ze
mezi prednosti, které ovlivnily valbu, patfily jejich nasleduijici viastnosti:

B trvanlivost, t. | odolnost proti agresivité prostiedi i abrazivité protékajicich
odpadnich vod

W vodonepropustnost vé. zarucené spolehlivosti spojli - tato vlastnost je velmi
doleZita, protoze se jedna o sbéraé s maximalnim nadloZim pfes 50 m a s pravdépo-
dobnym hydrostatickym tiakem vodniho sloupce cca 40m. Zabréni se tak zcela pfito-
ku balastnich vod do sbérage.

W hydraulické vlastnosti

M v neposledni fadé | moZnost volby rizné tuhosti trub.

Trouby HOBAS i jejich spoje jsou provéfeny diouhodobym pouzivanim v riznych
Emstfedich i laboratornimi testy. Od prvnich instalaci ve vétsim méfitku na pi. ve

vycarsku pocatkem Sedesatych let, kontroly prokazaly trvalou kvalitu | bezchybnou

funkénost. Proti jinym sklolaminatovym troubam ma systém HOBAS jednu zasadni
pfednost: trouby jsou vyrabény pomoci rotujici formy a konstrukee stény trouby je
vylvaiena postupné od vn&jsiho lice. Tento zplsob umoZiiuje nejen dokonalé zhut-
nénl a odvzduSnéni materialu tvoficiho troubu, ale také pouziti vyziuze ze sekanych
textiinich skelnich vlaken, coz zajisti dokonalé ,obaleni” vidken pryskyfici. Navic je
mo2né vytvorit jadrovou vrstvu trubky z kiemenného pisku a polyesterové pryskyri-
ce.

ZpUsob vyroby umoziuje dodévat trubky s jednoznaéné definovanou tuhosti, pfi-
gemz neni prioritni pouze tloustka stény, ale variabilita pouZiti jednotlivych kompo-
nentdl. Kruhova tuhost S je definovana podie ISO nésledujicim vzorcem:

E.|
= 5 (V)

INTRODUCTION

This article links up to the article ,Extension of the collection sewer P, publis-
hed in TUNEL No. 2/97. The author of the said article, Ing. Miloslav Novotny,
informed of the whole construction of extension of the sewer ,P" in the section
,South-Western City - Reporyje in Prague. In our article we shall draw the atten-
tion only to problems of the final lining in the part of the work between shafts S0
up to 83, where the maximum inner diameter - DN 2000 mm in the total length
of 1730 m is realized.

CONCEPTION OF THE FINAL LINING

The final lining is in fact a double-layer structure which is formed by plain
concrete of a minimum 200 mm thickness, and by the face layer which is made
from fibre-glass sewer pipes HOBAS of the thickness of 58 mm. The statically
very advantageous circular profile makes it possible, for concrete of the final
lining to be designed of a lower strength, and in this case a liquid cement-ash
mixture can be applied for its production.

Due to different thermal coefficients of expansion of concrete and of fibre-
glass pipes, it is not possible to expect that a perfect connection of the said mate-
rials will be realized. It is also impossible to expect a perfect water-tightness of
the final concrete lining. It is paradoxical that from the said facts it results that due
to a perfect water-tightness of sewer pipes and their joints, it is necessary to
dimension them for a load by a full hydrostatic pressure corresponding with the
original state of the ground water level. The water saturated fault zones which
were entered during the gallery excavation, prove the assumption that after the
structure with a perfect lining is completed, the original regime of underground
water will be restored. The contractor, together with the designer prepares
a measurement that it may be possible to perform measurements of water pres-
sure behind the fibre-glass pipes even after the work is completed. Results of the
said measurements would be a very important help at preparing further structu-
res of an analogous type.

INTERNAL LINING JACKET

A selection of material, which was to form the final passage section of the
extended collection sewer “P, from the South-Western Town to Reporyje and
Chaby, was performed by the owner in cooperation with the future operator of the
work, i.e. the Municipal Authorities of the Capital Prague, Department of the
Municipal Investor with Prague Waste Water company . When deciding which
material variant is to be chosen, there were evaluated various materials with res-
pect to the purpose of the work and local conditions. The said considerations
resulted in the choice of the sewer pipes HOBAS, and it may be supposed, that
properties for which they were chosen, are as follows:

- durability, i.e. resistance against environmental aggressivity and abrasiveness
of passing waste water

- water-tightness, inclusive a guaranteed reliability of joints - this property is
very important, because it concerns a sewer with maximum overburden over

50 m and with a probable hydrostatic pressure of the water column of about

40 m. In this way, the sewer will be prevented from an inflow of ballast water
- hydraulic properties
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Pritom E je modul pruznosti v ohybu ve sméru obvodu, | je ploSny moment setr-
va¢nosti stény trouby vztazeny na délku a Dm je stfedni primér trouby. Kruhova
tuhost vyznacuije tiidy trub podle tuhosti, takze tfida SN 2500 znamena jmenovitou
tuhost 2500 N/m2.

PRIPRAVA DNA STOLY PRED MONTAZi TRUB.

Potva Stoly byla nejprve odvodnéna, prohlubné zasypény inertnim §térkovitym
materidlem a pomoci laseru byly do pfislusného spadu vyrovnany koleje ddini dréz-
ky. Ta pak slouZila k dopravé betonu pro vytvofeni betonové desky. Mezi kolejemi se
ponechal prostor pro odvedeni prisakove vody. Pfiprava i nasledna montéz trub pro-
bihala pomoci tfi Sachet- S0, S2a S 3.

VLASTNi DOPRAVA A MONTAZ TRUB.

Trouby SN 17000 DN 2000 jsou 6 m dlouhé a jedna vaZi pfes 4 tuny. Jiz z toho vyply-
v, Ze jejich svisl4 doprava Sachtou, vodorovné pfemisténi ve Stole, nasledné spojeni
a pfesné fixovani smérove i vySkové, neni jednoduchou operaci.

Trouby se spoudtéji do Sachet pomoci jefabl RDK. Trouba je zavé$ena na dvou
textilnich popruzich, zajisténa proti sesmeknuti a naklonéna pod tihlem cca 45°. Na
dné Sachty je trouba pomoci vratku poloZena na zavazeci vozik. Na tomto specielnim
podvozku tlaéeném dllni lokomotivou je zavezena k posledni uloZzené troubé, ktera je
JiZ z vyrobny na svém konci osazena spojovacim prstencem v¢. tésnicich krouzki
(spojky typu WKH). Do volného konce dovezené trouby se osadi rozpérmy kiiz, trou-
ba je hevery pomoci pfipravku nadzvednuta a nasmérovana do hrdla jiz osazené
trouby. Pfedchozi hrdlo i zasouvany konec trubky se natfou pro snizeni tfeni a trouba
je do spojovaciho krouzku (hrdla) zasunuta. Nésledné se volny konec provizorné pod-
loZi dfevem, trouba se znovu nadzvedne hevery, aby bylo mozno odjet se zavazecim
vozikem. Po pfesném vyrovnani trouby do sméru a spadu se definitivni fixovani trou-
by provede pomoci osmithelnikového svafence, ktery se sesroubuje ze dvou pfipra-
venych ¢asti. Svafenec se ocelovymi prvky vzepie a piivaii k vystroji Stoly a ke kolej-
nicim drazky (obr. &. 1). Kazda takto poloZena trouba se geodeticky zameéfuje.

OBETONOVANI TRUB

Pro obetonovani navrhla po prikaznich zkouskach laboratof dodavatele samoni-
velaéni popilko - cementovou smés, jejiz potfebné vlastnosti jsou docileny davkova-

Obr. 1
Fixovani volného konce trouby DN 2000
Fixing of the free end of the DN 2000 pipe

- and, not in the last place, a possibility to choose various grades of rigidity of
sewer pipes.

Pipes HOBAS and their joints have proved their quality during their long-term
use in various environments and passed the laboratory tests as well. From the
first installations in a larger extent, e.g. in Switzerland at the beginning of sixties,
inspections proved the permanent quality and problemless functionality. With
respect to other fibre-glass pipes, the system HOBAS has one fundamental pri-
ority: pipes are manufactured by means of a rotating mould and the design of
a pipe wall is manufactured gradually from the external face. This method ena-
bles not only a perfect compacting and air bleeding of material forming the pipe,
but also to apply reinforcement made of cut textile glass fibres, which shall secu-
re a perfect 'packing” of fibres with resin. More over, it is possible to form a core
layer of the pipe made of quartz sand and polyester resin.

The method of production makes it possible to deliver pipes with a precisely
defined rigidity, but the priority resides not only in the wall thickness but in the
variability of application of individual components too. The circular rigidity S is
defined according to I1SO by means of the following formula:

_E.I
= 5 (N/TP)

where E is modulus of elasticity in bending in the direction of the circumference,
| is the planary moment of the pipe wall inertia with respect to the length, and Dm
is the mean diameter of the pipe. The circular rigidity distinguishes pipe classes
according to the rigidity, so that the class SN 2500 represents the nominal rigidi-
ty of 2500 N/me.

PREPARATION OF THE SEWER BOTTOM BEFORE
INSTALLATION OF SEWER PIPES

First of all, the gallery floor was drained, hollows and depressions were filled
with inert gravel material, and by means of a laser, rails were placed under the
respective gradient. The said floor was serving then for transporting concrete for
making a concrete slab. Between rails there was left a space for draining pene-
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nim pifsad - superpastifikitor(. Na stavbu je smés dopravovana v autodomichavacich
a do podzemi se dopravuje samospadem potrubim DN 150, resp. DN 100.

Po provedeni krat$ich zku$ebnich sekci se provadi zabetonovani sekci tvofenych
osmi troubami, tedy délky 48 m. Na konci sekce je postupné vyzdéno éitko tl. 50 cm.
Pro omezeni vztlaku na troubu, je betonaZ provadéna ve Gtyfech vrstvach s pracovni
pestavkou minimalné 12 hodin. Prvni vrstva se provadi 0,6 m nad spodni hranu trou-
by, druha 1,1 m a tieti 2,1 m opét od spodni hrany trouby. Ctvrta vrstva zapini zbytek
kaloty. Pravé pro kontrolu betonaze se ¢ilko zdi postupné a navic se do néj osazuji ze
stejného dlivodu trubky DN 50, které se postupné zaslepuiji. V kaloté se provadi také
opatfeni pro odvzdusnéni a ev. doinjektovani nezaplinénych dutin (obr. ¢. 2).

Lze konstatovat, Ze postup dopravy, montaze s obetonovani trub se piné osvéd-
¢il. Pouze v zimnim obdobi s ohledem na teplotu prostfedi a smési byla technologic-
k& prestavka prodlouzena. | tak prakticky pribézné je provedena kompletni sekce dl.
48 m béhem jednoho tydne.

ODPOCINKOVE VYKLENKY

Odpocinkové vyklenky maji vnitini plast rovnéz ze sklolamintu. Vlastni vyklenek
tvofi trouba DN 2000, ukonéena klenutym delem (obr. €. 3). Vyklenek je napojen na
vnitini plast definitivniho osténi shéra¢e DN 2000 tvarovkou typu T.

Samostatny problém tvofi doprava a montaz odpoginkovych vyklenkd (viz obr. 3).
Pfi ni je nutné se predevsim vyrovnat s nedostatkem mista, pfipravené tvarovky musf
byt z dopravni polohy pfed montazi otaceny, nasmérovany a natazeny na montazni
spoj. Tomu pfedchdzi i prohloubeni povy, aby manipulace viibec mohla byt prove-
dena.

ZAVER
Definitivni osténi, jehoz hlavni souéast/ na tomto Useku jsou trouby HOBAS DN
2000, tfidy SN 17000, piné spini pozadavky zakaznika na kvalitu, trvanlivost a funké-

nost. Podle informace vyrobce jde o montdZ dosud nejvétsiho profilu téchto trub
v podzemnim dile.

I hPlavici potrubi DN 100-125

>

3. Uroven betonaze

Beton BS__ 3rd level of concrete

Concrete

[
2. drovenbetonaze '\
2nd levsl: iof concrete
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"+~ Kontorolni potrubi DN 50
Pipe D50 for checking

3 880 mm

+ ’

Obr. 2
Schema postupu betonaze
Scheme of the concreting advance
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Obr. 3

Odpocinkovy vyklenek

Resting recess

trated water. The preparation and installation of pipes was performed by means
of three shafts - SO, S2 and S3.

TRANSPORT AND INSTALLATION OF SEWER PIPES

The pipes SN 17 000 with DN 2000 are 6 m long and the weight of each of
them is more than 4 tons. From the said facts it is evident that their vertical tran-
sport through the shaft, their horizontal transport in the gallery, then their
connecting and exact fixing as to the direction and elevation, is not an easy ope-
ration.

Pipes are lowered into shafts by means of cranes RDK. The pipe is suspen-
ded on two textile straps, secured against sliding and lilted under the angle of
about 45°. On the shaft bottom, the tube is laid on a supply car by means of
a winch. On this special undercarriage, pulled by means of a mine locomotive, it
is transported up to the last installed pipe which, in its manufacturing plant, was
provided with a connecting ring, inclusive sealing rings (joints of the type WKH).
A bracing cross is fixed into the free end of the pipe having been transported, the
pipe is lifted with jacks by means of a fixture and orientated to the socket of the
already seated pipe. A lubricant is applied in the previous socket and on the pipe
end being slid in, for the friction to be decreased, and the pipe is slid into the joi-
ning ring (socket). Then the free end is supported provisionally with a timber skid,
the pipe is lifted by means of jacks again, so that the cart may be taken away.
After an exact levelling of the pipe as to the direction and gradient, the final fixing
of the pipe is carried out by means of an octagonal welded frame which is scre-
wed together of two prepared paris. The frame is fixed by welding to the gallery
support and to the track rails. (Figure No.1.) Every pipe, installed in such a way,
is checked by surveying.

CONCRETE SURROUNDING OF SEWER PIPES

For the concrete surround, after the proving tests, the contractor's laboratory
proposed a self-levelling cement-ash mixture, the needed properties of which are
achieved by adding ingredients - superplasticisers. The mixture is transported
onto the construction site in truck mixers and into the underground it is transpor-
ted through gravity piping DN 150 or DN 100.

After having performed shorter trial sections, the concreting of sections for-
med by eight pipes, i.e. their total length amounts to 48 m is performed. At the
end of the section the annular space is closed by a brick wall, being 50 cm thick.
To limit the buyoancy forces affecting the pipe, the concreting is performed gra-
dually in four layers, with a working break lasting min. 12 hours. The first layer is
carried out 0.6 m over the lower edge of the pipe, the second 1.1 m, and the third
2.1 m again from the lower edge of the pipe. The fourth layer fills up the remai-
ning part of the top heading. Just for the concreting inspection, the closing wall
is bricked gradually and more over, due to the same reason, pipes DN 50 are
seated in it, which are gradually blinded. In the top heading there are also per-
formed measures for bleeding air and eventually for finish grouting of unfilled
cavities (Fig. No. 2)

It can be stated that the process of transport, assembly and concreting of
pipes proved fully to be good. Only in winter, with respect to the temperature of
the environment and mixture, the technological break was made longer. But in
spite of that, one complete section being 48 m long, is runningly made within one
week.

RESTING RECESSES

Resting recesses have their internal jacket made also of fibre-glass. The
recess proper is formed by a pipe DN 2000, terminated with a vaulted face (Fig.
3). The recess is connected to the internal jacket of the final lining of the sewer
DN 2000 by means of a tee piece.

An independent problem is formed by transport and assembly of the resting
recess (see Fig.). In these cases, it is necessary to solve the problem of the
insufficient space. Prepared T-pieces must be turned before the assembly from
the transport position, as well as directed and pulled onto the assembly joint. The
tunnel floor must be deepened for the said reason that the respective handling
may be performed.

CONCLUSION

The final lining, the main part of which in this section is formed by pipes
HOBAS DN 2000, of the class SN 17000, complies fully with requirements of the
customer as to the quality, service life and functionality. According to the manu-
facturer’s information, it concerns the assembly of the largest profile of the said
pipes performed in an underground work till the present time.
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OPRAVA A REKONSTRUKCE VD MORAVKA
STAVEBNI OBJEKTY
PROVADENE HORNICKYM ZPUSOBEM

REHABILITATION AND RECONSTRUCTION
OF THE MORAVKA DAM DRIVEN STRUCTURES

ING. DOBES, ING.TORNER, AQUATIS, A. S.

UCEL, PARAMETRY, VYSTAVBA A PROVOZ VODNIHO DiLA

Vodni dilo ( dale VD) je situovano na toku Moravka v fkm 18,7 na severni stra-
né Moravskoslezskych Beskyd. Udolni nadrz Moravka byla vybudovana v letech
1961 az 1967 jako vodarensky zdroj ke kryti nardstajicich pozadavk( na zajisténi
pitné vody. Ucelem vodniho dila je kromé nalepSovani pritokd pod prehradou, sni-
zeni povodiovych pratoki a pribézného energetického vyuZitl pritoku vypousté-
ného pod pfehradu, zejména zasobovani obyvatelstva pitnou vodou.

- zakladni technické udaje

Povodi nadrze 60,3 km?
Délka hraze v koruné 396 m
Max. vydka hraze 39m
Celkovy objem nadrze 11,3 mil. m?
z toho objem zasobni 4,4 mil. m*
retencni 6,5 mil. m*
staly 0,4 mil. m?
Zatopena plocha 79,5 ha
Primémé rocni srazky 1320 mm
Priatoky:
Qa pramémy roéni 0355 denni Q1 lety 05 lely Q100 lely
1,79 m¥s 0,11 m¥/s 31 m¥s 80 m'/s 215 m¥/s
Zarugeny odtok 0,59 m¥s
z toho
- odbér pitné vody az 0,470 m*/s

- asanacni pratok min. 0,120 m*/s
- konstrukce hraze

Prehradni hraz byla sypana z netfidénych Stérka s roznym stupném zahlinéni.
Téleso hraze ma jednotny sklon navodniho lice 1:1,75. Vzdusni svah mé odstup-
fiovany sklon 1:1,5 - 1,65 - 1,9. Podlozi prehrady je t&snéno jednoradou injekéni
cementovou clonou, zavazani clony si vyzadalo uplatnéni maltovacich vrit a pod-
zemnich stén. Tésnénf hraze tvoil asfaltobetonovy néavodni plast toustky 28 - 30
om, poloZeny na 80 cm mocné drenazni a podkladni vrstvé hrubého Sterku, prove-
deny jako pruni svého druhu v tehdejéim Ceskoslovensku. Pivodni konstiukee AB
plasté zahrnovala tfl vrstvy asfaltobetonu. Nasledné byl AB plast’ doplnén o dvé
vrstvy asfaltového betonu, spodni, tj. 4. vrstvu, po kétu 515,3 a svrchnl, Ij. 5. vrst-
vu, po Uroven 507,5 m n. m.
- provoz nadrze

Béhem provozu dila byla udrZzovana hladina na Urovni cca 507 m n. m. Do roku
1996 véetné byla pfi povodiovych stavech 10x pfekrogena kota cca 510 m n.m.
a z toho 4x byla piekrotena Uroven bezpeénostnino pfelivu (515,3 m n.m.). Pfi
vzestupu hladiny nad kétu cca 508 m n.m. dochazelo v poslednich letech provozu,
pred zahajenim opravy dila, k vyraznéj§imu zvyseni prisaka.

GEOLOGICKE A HYDROGEOLOGICKE POMERY

Pfehradni profil je situovan ve vngjsim flysi, zastoupeném godulskymi vrstvami
kiidového stafi. Na povrch Gzemi vystupuje v zajmovém prostoru stfedni oddil
goduiskych vrstev, ktery je tvofen flySovym souvrstvim hrubé rytmického vyvoje
s prevahou piskoved nad biidiiénatymi polohami. Piskovee obsahuji podruzné malo
mocné polohy prachove a2 jiloved (cm aZ dm). Bfidiiénaté polohy jsou mocné nej-
éastéji nékolik dm (vyjimecné pies 1 m) a jsou charakleristické pievahou jitovel
nad jemnozrnnymi piskovci. Spodni godulské vrstvy tvofi flySové souvrstvi drobné
rytmického vyvoje s pfevahou jilovel nad piskovei. V zajmovém dzemi nevystupu-
je na povrch (v profilu injekéni clony je v hloubkach pfes 30 m).

Piskovcove souvrstvi na obou svazich je postizeno kryogennimi a gravitatnimi
deformacemi (jejich souhrmny projev je oznacovan terminem mezivrstevni creep),
které zplsobily otvirdni subvertikainich puklin v lavicich a deskach piskovcl
v levém svahu aZ na vzdalenosti nékolik decimetrd. Dosah tohoto rozvolnéni masi-
vu je v levé ¢asti az 100 m od paty svahu ve vodorovném sméru, v pravé ¢asti do
30 m. Dusledkem tohoto poruseni masivu byly extrémni spotfeby malty a cemen-
tové smési pfi zfizovani injekeni clony.

Ulozné poméry souvrstvi godulskych vrstev v pfehradnim profilu jsou pomérmé

PURPOSE, TECHNICAL DATA, CONSTRUCTION
AND OPERATION OF THE DAM

The water structure (hereinafter WS) is located on the Moravka river at the
reach 18.7 km on the Moravskoslezské Beskydy mountains northern side. The
water reservoir was built up between 1961 and 1967 for covering demands on
drinking water. Besides that, improvement of discharge, decreasing of peak flow
and hydropower utilization are the aims of WS.

Main technical data

Catchment: 60.3 km?

Length in the crest: 396 m

Max. height of the dam: 39m

Total volume of reservoir 11.83 mil. m?

Active storage volume 4.4 mil m°

Retention volume 6.5 mil m®

Permanent storage 0.4 mil m°

Area of reservoir 79.5 ha

Average annual precipitation 1320 mm

Water flows:
Qa annual average 0355 day o1 year 05 year Q100 year
1,79 m’/s 0,11 m’/s 31 m/s 80 m’/s 215 m’/s

Guaranteed discharge of 0.59 m‘.ss-1 consists of up to 0.47 nv.s-1
drought of drinking water and of min. 0.12 m°.s-1 of compensation discharge.

Dam structure

The dam was filled by fluvial gravel with various content of soil. The dam body
is formed by uniform slope 1:1.75 on upstream side. The downstream side has
slant gradually in 1:1.5 -1.65-1.9. The subgrade is sealed by one-row cement
grout curtain, both sides of which needed underground walls and special bore-
holes for cement mortar. Waterproofing system of the dam consists of 28 -30 cm
thick bituminous concrete (BC) liner laid on 80 cm drainage layer, made as a first
structure of such type in former Czechoslovakia. The original structure of liner
consisted of 3 BC layers, afterwards it was supported by two additional layers,
the first for entire area, the last up to operational level of 507.5 m a. s. |.

Reservoir operation

The level of the reservoir has been operated on the elevation of approx. 507
m. Until 1996 only 10 times was crossed level of 510 m including 4 times exce-
eding elevation of 5153 m a. s. |. (level of emergency spillway). With crossing
elevation of approx. 508 m a. s. I, considerable leakage increasing occurred in
last years before starting rehabilitation.

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

The dam profile is located in outer flysch represented by so-called Godula
measures of Cretaceous age. The middle godula group rock types are sandsto-
ne beds alternating with slates, sandstone predominates. Sandstone contains
subsidiary thin claystone and silt interlayers (from cm to dm). Claystone layers
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jednoduché, Monoklinalni subhorizontalni ulozeni vrstev kolisa v rozmezi do 20,
s vergenci v levé Easti k jihozdpadu, v Udoli k jihu a v pravé casti k jihovychodu.
Tektonické poruseni masivu je reprezentovano nékolika poruchami prevazné str-
mych sklon, které roz¢lefiuji souvrstvi na jednotiivé bloky s vyskovou diferenc
v fadu prvnich jednotek metrli. Drobné tektonickd méfeni provedena v prizkum-
nych dilech a Stolach jsou v souladu s celkovym tektonickym schématem.,

Kvartérni pokryv je tvofen v Udolni ¢asti terasovymi $térky a v paté svah( hlini-
tokamenitymi sutémi. Udolni 8térky jsou smésf jemnozrnného az stfedné zritého
pisku s rdznym mnozstvim hlinité pfimési a hrubsi Stérkové frakce, Mocnost $térkl
Je max. 3 m, v prostoru vy38i udolni terasy az 6 m. Skelet suti ve svazich tvoii ost-
rohranné Glomky piskovel rozmérd v rozmezi 10 az 25 cm. Vypini je hiinity pisek
az pis€ita hlina. Mocnost suti na pravém svahu dosahuje hodnot nej¢astéji mezi 2
- 4 m, na levém svahu vSak dosahuje hodnot az 12 m, coz znemoznilo zaloZeni
levobfeZniho zavazani na skalni podklad.

ROZSAH OPRAVY A REKONSTRUKCE

- porucha hraze v roce 1996

V priibéhu povodné zacatkem zafi 1996 doslo k zatopeni inj. Stoly a k prolome-
ni AB plasté. K prolomeni AB plasté doslo nahle, voda zacala poruchou vtékat do
drenazni vrstvy a domnivdme se, Ze rozméry poruchy nedozndvaly podstatnych
zmén. Padorysny rozmér poruchy byl 3,85 x 6,45, spodni okraj na vyskové Grovni
cca 500,60 m n. m.

Bezprostfedné po snizeni hladiny bylo piikroceno k zajisténi sanace. Z divodu
¢asové a technologické naroénosti bylo zamitnuto feseni s pouzitim vodostavebni-
ho asfaltobetonu, protoze veskeré prace musely byt dokonceny cca do 15.11.
1996. Sanacni prace byly vedeny tak, aby se minimalizovala moZnost prolomeni
AB plasté béhem omezeného provozu a aby se ziskal ¢asovy prostor pro piipravu
generélni opravy a rekonstrukce.

- projekeni prace spojené s pfipravou opravy a rekonstrukce VD

V lednu a tnoru 1997 byla zpracovana studie, jejimz Uéelem byl navrh koncep-
ce opravy vodniho dila Moravka, zajistujici dalsi bezpeény provoz. Jednalo se tedy
o navrh feSen technické problematiky v lomto rozsahu:

* Odvedeni svahovych vod z levého i pravého zavazani hraze

* Oprava a rekonstrukce tésniciho prvku hraze

* Opravy Stoly spodnich vypusti, zkapacitnéni zakladovych vypusti a rekonstruk-
ce vodarenského odbéru

* Potfeba, pfipadné upfesnéni rozsahu dotésnéni tésnicich prvki v podloZi

a zavazani hraze

Navazné byla zpracovana dokumentace pro Gzemni fizeni ( do 31.5.1997).
Povodné v ¢ervenci 1997, které vedly k daldimu poskozeni hraze, i kdyz rozsahem
vyrazné mensimu neZ v zafi 1996, rozhodly o urychleni pripravy praci a zahajenl
opravy a rekonstrukce. Dokumentace pro stavebni povolent prevazneé Gasti objek-
tu byla zpracovana do ledna 1998 a pro zbyvajici ¢ast (navodni tésnéni hraze) do
31.8.1998.

S ohledem na specializaci tohoto ¢asopisu bychom radi seznamili ¢tenare

el

Obr. 1
Celkova situace
Plane

are mostly several dm thick (exceptionally over 1 m) and contain frequent inter-
layers of fine sandstone. In lower Godula group claystone layers predominate.
This formation does not reach the surface, in the location of the grout courtain it
is over 30 m under surface.

The sandstone beds on both valley slopes are altered by cryogenic and gra-
vitational deformations (their collective effect is called interlayer creep) which
caused opening of subvertical cracks and joints up to several dm. Range of such
rock lossening is up to 100 m horizontally in left bank and about 30 m in right
bank. Due to this effect of massif, consumption of cement grout was rarely high.

From structural point of view, consistence of rock beds is relatively simple.
Subhorizontal uniform placing of layers varies up to 20,. Tectonic fracturing of the
massif is represented by several zones of steep decline, which divided massif to
separale large blocks of elevation difference in the order of meters.

Quaternary deposits are represented by alluvial fills in the valley bottom and
by rubble on footing of the slopes. Alluvial deposits are mixture of fine to middle
sand with variable content of soil and gravel. Thickness of these deposits is from
3 to 6 m. Debris on the slopes consists of stone fragments and sandy soil.
Thickness of debris on the right slope is 2 to 4 m, on the leff slope reaches
accumulation up to 12 m, thus foundation in this place is not connected with bed-
rock.

SCOPE OF REPARATION AND REHABILITATION

Failure of the dam in 1996

During the flood in September 1996, grouting gallery was flooded and BC liner
broken. After sudden break through, water was flowing to drainage layer and we
suppose that broken area was stabilized. Plan dimensions of the opening was
3.85 x 6.45 m, lower edge at elevation 500.60 m a. s. I.

Immediately after water level lowering, rescue works started. Because of time
shortage (works had to be finished before winter) and technological demands,
using of watertight bituminous concrete was refused. Rescue works minimized
possibility of BC breaking during limited operation of the reservoir, thus time for
preparing the general rehabilitation was gained.

Design works on preparing WS rehabilitation and reconstruction
During January and February 1997, the study was made proposing concept
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s Udelem a parametry objektl provadénych hornickym zptsobem a viivem vystay-
by téchto objektll na stavajici objekty vodniho dila.

RAZBA A VYSTROJENI DRENAZNi STOLY

- situativni a vyskové feseni

Na podkladé vysledkl méfeni a pozorovani v pribéhu provozu dila, kleré se
provadi na kazdé pfehradé, bylo doporuceno v ramci rekonstrukce VD Mordvka
dopinit stavajici systém odvodnéni o drenaZni Stolu, jejimz Gcelem je sniZzeni hladi-
ny podzemni vody, jeji podchyceni, vyvedeni a kontrola mnoZsivi v masivu levob-
fezniho zavazani hraze, Stabilizace reZzimu podzemnich vod ve svahu ma vyloudit
moznost budouci degradace podlozi hraze vnitfni erozi a tim prispét k vy$si bez-
pacnosti dila v dalsim provozu.

Zamérem investora bylo provést razbu a provizomi vystrojeni drendzni stoly
v predstihu pred chystanou rozsahlou opravou, jesté v dobé provozu dila tak, aby
bylo moZné ovéfit efekt drenazni Stoly alespon v obdobi omezeného provozu, pod-
chytit podzemni vody v dobé jarniho téni a ovéiit drenazni efeki Stoly i v prabéhu
vypousténl pfehradni nadrze. Tomuto pozadavku byl pfizpiisoben Easovy program
vf;sta'arbyh a lo lak, Ze drendZni Stola byla jako samostalna stavba realizovéna
v pfedstihu.

HL. MAX. OVLADATELNEHO PROSTORU  HL. MAXIMALNI
+516.88
+515.,38
ac e —

HL. ZASOBNIHO PROSTORU

of safety operation of the Mordvka Dam. The design consisted of following tech-

nical proposals:

« Diversion of underground waters from left and right banks

« Rehabilitation and reconstruction of the waterproof liner

« Rehabilitation of bottom outlet tunnel, bottom outlet capacity increasing and
reconstruction of bottom intake

* Requirement, event. specifying of reparation of underground waterproofing
elements, in the seat rock.

Afterwards (till May 31st, 1997) documents for area management process
were prepared. Flood in July 1997 caused another deterioration of the dam (but
thanks to rescue works slighter than that in 1996) which accelerated works pre-
paring and starting. Documents for building license of most of construction ele-
ments were prepared till January 1998, the rest (waterproofing liner) till end of
August 1998.

Considering the specialization of the journal, we would like to introduce purpo-
se and technical data of the driven works and their impact on existing structures.

" postup sypani - filling of the dam
@ nettidény §térk - fluvial gravel
(2) sisty stérk - gravel
@ kamenivo - crushed sfone

filtr - filter
®

asfaltobeton
nové plastova geomembréna

LEGENDA

bituminous concrete

‘j@&?’a """

newly geomembrane
@ injekeni clona - grout curtain

HL. STALEHO NADRZENI
+491.08

Obr. 2
Priény fez hrazi
Cross section of the dam
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Drenazni §tola - podélny fez
Drainage gallery - longitudinal section
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Regeni s drenazni $tolou umozfiuje staly pristup obsluhy dila k jednotiivym
odvodfovacim prvkdm, instalaci zafizeni pro méfeni a pozorovani, ptipadné pro-
vedenf dodateénych doplfujicich praci v pribéhu dalstho provozu dila, pokud si to
v budoucnu vyZadaji vysledky provoznich méfeni.

Drenazni Stola je navrzena tak, aby byly ve dvou etaZich zachyceny priizkumem
Zjisténé dvé izolované zvodné. Dolni etaz - tola "A" délky 106,0 m je raZena tak,
aby v koncové éasti dosahovala poéva do Grovné 486,00, kterou se zajisti vyrazné
odvodnéni spodni zvodné v koncovém Useku pfimo razbou. Piimym naraZenim
doslo k odlehéeni doini zvodné. Drendzni iéinek Stoly byl posilen véjirem odvod-
novacich vrtl v koncové ¢asti obou vétvl Stoly,

Z ¢elby spodni Stoly byla raZena pod thlem 457, Sikmé dovrchni spojovaci stola
délky 20,6 m, ze ktere na Grovni horni zvodné definitivné zjisténé v prab&hu razby

DEFINITIVNI OSTENI km 0,025 00 - km 0,046 00 - SECONDARY LINING

DRENAZNi TRUBKY STRIKANY BETON SHOTCRETE

Z PVC OSAZENE HV-B25 TL. 100 MM HV-B25 TL. 100 MM
VE VYRAZNYCH VYZTUZENY PRI REINFORCED
PUKLINACH VNEJSIM LiCI AT OUTER FACE
PODLE SVAROVANOU BY STEEL MASH
POZADAVKU SITI 6,3X100X100 6,3X100X100

IG SLEDU

DRAINAGE PVC

DRIVING AND SUPPORT OF THE DRAINAGE GALLERY

Design

According to the results of measuring and monitoring provided on the dam, the
existing system of drainage elements was recommended to be supplemented by
drainage gallery. The aim was to decrease the level of underground water, to
divert and to conltrol the quantity. Stabilizing the regime of underground water
flow shall exclude possibility of next degradation of the seat rock by internal ero-
sion and by this way to assist to higher safety of future operating.

The intention of investor was to carry out driving and provisional support of the
gallery in advance and to prove its effect while reservoir is still operating and also
during its emptying. The time schedule was adjusted according to such demand
and drainage gallery was carried out as individual structure.

Separate drainage gallery enables continual access to individual drainage ele-
ments, installation of equipment for monitoring and allows additional measures if
necessary from taken data point of view. The drainage gallery is designed to
cover two isolated groundwater bodies indicated by recognition. Lower part - gal-
lery A, 106 m long - is driven to the level of 486.0 m, which provides outstanding
dewatering by excavation itself. After lowering of groundwater level, the draina-

gﬁ’gﬁ E’g s ge effect of the gallery was increased by fan of subhorizontal boreholes at the
ACCORDING TO ) end of the gallery.
e g From the heading of the gallery A connecting gallery was driven upward (45°,
59, 20.6 m) to the level of upper aquifer, where gallery B (12.8 m) was driven from
to the massive, non loosened rock.
— " Cooperating with ALGOMAN Itd. Opava staff (geological survey), driving, sup-
port and equipment of the gallery was modified according to actual conditions
including placing of bolts, alignmernt and level of gallery B.
Cross profile of drainage gallery
Clearance of drainage gallery is minimized to 3.8 m2 with 2.1 m free height.
=] § The width is designed to meet in primary lining request of the mining rules and
| in final lining to enable prospective extent of boreholes number in any place in
gallery. Cross section in rectangle shape suits to local geotechnical conditions
and enables to utilize steel profiles. Driven profile is 6.6 m2.
EEERIE\ZNI Support of the drainage gallery was made in variants according to actual geo-
il logical conditions and purpose. In access part and in sections with pressing rock
gﬁﬁlﬂAGE types rigid colliery arches with shotcrete and strutting in bottom were utilized. In
§ sections with massive cracked sandstone, excavation was provided by resin-
grouted bolts and sholcrete. The bolts were utilized also for support of selected
- = == sandstone blocks, the roof in such conditions was provided by cement grouted
%O # 8 bolts only. Intention of the design was to leave most of the rock surface free for
: drainage effect. In places of cracks opened up to 10 cm, where possible drop-
200 | 1800\, L L 200 ping of rock fragments is expected, plastic mesh is installed. Dewatering of the
1 \ 1 galleries in final is provided by bottom canal covered by composite grid, capaci-
r|L 2200 11' ty of which allows diversion of 450 I.s-1 in 1% slant.
DREN, TRUBKA
OBSYPANA STERKEM Driving process
DRAINAGE PIPE : - =
As mentioned above, the driving process was adapted to actual conditions on
Obr. 4 the place. Initially designed staple shaft between galleries A and B was modified
Drenazni $tola - pficny fez after evaluation of actual conditions and discussion with OBU Ostrava (mining
Drainage gallery - cross section authority) and an inclined upward driven gallery was performed. Continuous
w“
= Z LEGENDA;
PRISTUPOVA 5TOLA & ‘g )
151688 M mox ACGESS GALLERY Jols2) 1657 % EEE%%EE POLor?YA N(IZDEI\?SNI%NE
g/ — —_
i | =
; R Z g0 e —— \"‘1\
e ——e —— e rl-.\_—1 )-Q
VIOHOVA CAST RAZENT PROFIL — TLAKOVA CAST | RAZEN? PROFIL — NETLAKOVA CAST VITOROUA CAST
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S¥3
_“_“DW |
STANICER VKM 0,000 0,050 0,100 0,150 0,200 0,250 0,300 0,350
SMEROVE POMERY, PRIMA 45,97 m R_160m, | 10651 m . PRIVA BED4 m R 100m, | 11378 m _FRIMA 3503 m
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Obr. 5
Stola novych spodnich vypusti - podéiny fez,
Bottom outlet tunnel - longitudinal section
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byla razena homf vétev - $tola "B" v délce 12,8 m stanovené |G sledem az do dosa-
Feni masivni nerozvoinéné hominy.

Ve spolupraci s pracovniky inZenyrskogeologického sledu fy. ALGOMAN s.ro.
Opava byla razba a nasledné vgslrojeni v pribéhu vystavby uzplsobena skuleéné
zjisténym geologickym pomérum. Bylo upfesiovano vystrojeni, délka a rozsah
dopliiujicich drenaznich vril, vySkove a smérové byla usmeériiovana razba horn/
etaze drenazni stoly.

- pficny profil drenazni Stoly

Vnitini svélly profil drendzni Stoly je minimalizovan na plochu 3,8m* s prichoz/
svétlou vyskou 2100 mm, Sifka Fle navrzena tak, aby vyhovéla v provizomim vyz-
tuZeni poZzadavkim banskych pfedpist a aby v definitivnim vystrojeni byly umoz-
nény vriné prace pro provadéni pfipadnych dodateénych drenaznich vrid. Tvar
obdélnikového profilu vyhovuje mistnim geologickym podminkdm a systému roz-
volnéni masivu a umoznuje provedeni provizomiho vystrojeni Stoly s pouZitim TH
profiltl. Razeny profil Stoly ¢ini 6,6 m?

Drendzni §tola byla vystrojena variantné podle geologickych podminek a i¢elu.
V pristupové ¢asti a v tsecich s tladivymi horninami za pouZziti tuhé vyztuze z dii-
nich profil dopinéné stiikanym betonem a rozepfenim dna. V Usecich v masivnich,
ale rozpukanych piskovcich byl zajitovan sirop stiikanym betonem a lepenymi
svorniky. Svornikové kotvy byly pouZity rovnéz pro zajisténi vybranych blokl ve
sténach v masivnich piskovcich, strop v téchto geologickych podminkach byl zajis-
tovan pouze lepenymi svorniky. Zamérem projektu bylo lotiz ponechani maximal-
niho rozsahu volnych ploch pro zajistén( drenazni funkee, V mistech pfedpoklada-
ného opadu v prostorach trhlin , ktere misty dosahuii $ifky 10 a vice centimetrd jsou
ve stropé a sténdch instalovany plastove sité. Odvodnéni stol v definitivnim provo-
zu je feseno shémym kanélem umoZfujicim prevedeni asi 450 I/s pfi sklonu 1,0 %.
Sbhermy kandl je pochlzny, prekryty rodly z kompositnich materiald.

- postup dulnich praci

Jak jiz bylo uvedeno dfive, postup dtinich praci byl v priibéhu razby upfesnovan
na zakladé vyhodnoceni skutecnych geologickych pomért za prabézné kontroly
geologického sledu. Pdvodné projektem navrzeny sibik mezi obéma Stolami byl
v pribéhu provadéni razby, po vyhodnoceni skutecnych geologickych pomértl
a projednani s OBU Ostrava, z divodu bezpecnosti nahrazen $ikmou $tolou raze-
nou dovrchné ve sklonu 45°.

V priibéhu praci bylo provadéno pribézné sledovani pfitoku vody do dila, dopl-
néné aktualnimi meteorologickymi informacemi - teplota vzduchu, srazky, nebot
prace probihaly v bezprostiedni blizkosti jesté provozované nadrze. V pribéhu raz-
by byly zjistény priisakové vody nejen z horského masivu , ale i z nadrze. Tim byla
potvrzena spravnost zaméru investora, ktery se rozhodl provést mimo jiné i nasled-
nou rekonstrukei injekéni clony hraze.

V pribéhu provadéni dlinich praci bylo zajisténo méfeni seismického zatiZeni
stavajicich objektl vyvolaného trhacimi pracemi pii razbé,

Siavba byla realizovana firmou Ingstav a.s. Opava ve spolupréci s akciovou
spolecnosti Subterra, divize Tisnov, klerd zajiStovala viastni razbu dila a provizorni
obezdivku. Stavba byla provedena v planovanych terminech v dobé od 3.11.1997
do 30.9.1998, kdy bylo stavba dokoncena kompletné véetné definitivniho vystroje-
ni.

RAZBA A VYSTROJENI STOLY SPODNICH VYPUSTI
- situativni a vySkové feseni

Stola spodnich vypusti, spolu s dal§imi objekty, realizovanymi v ramci rekon-
strukce vodniho dila, zvySuje kapacitu stavajicich vypustnych zafizeni pfehrady.
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Obr. 6
Stola novych spodnich vypusti - pficné fezy
Bottom outlet tunnel - cross section

monitorig of inflowing water was provided during works supplemented by mete-
orological data - temperatures, precipitation - because of close reservoir still in
operation. Leaking of water not only from massif, but also from the reservoir was
registered. Thus, the rightness of investor's intention was proven, that besides of
others, the grout curtain reconstruction should be performed.

The seismic measurements were taken on the existing structures during dri-
ving the gallery.

The structure was carried out by Ingstav a. s. Opava cooperating with
Subterra a. s., dpt. Ti$nov, which provided driving and primary lining. The struc-
ture was completely finished in schedule terms within November 3rd, 1997 and
September 30th, 1998.

DRIVING AND SUPPORT OF BOTTOM OUTLET TUNNEL

Line and level design

Bottom outlet tunnel together with other structures of WS reconstruction inc-
reases the capacily of existing outlet structure of the dam. At the same time, it
allows acceptable protection of the site for reconstruction of the dam site.

The tunnel is situated in the right slope of the valley. It is connected on the
upstream with submerged inlet structure and with access gallery excavated from
the surface. On the downstream side, it is provided by stilling basin.

Bottom outlet tunnel is formed by reinforced concrete structures of inlet and
outlet parts, that shall be realized by cut-and-cover technique and by tunnel itself
in length of 356.6 m. (The driven work is termed tunnel according to Czech
Standard no. 73 7501 because the excavated profile exceeds 16 nr’.)

Cross profile of bottom outlet tunnel

From the quality of the rock conditions point of view and its working with lining,
five types of primary and final linings were designed. Part of the alignment is situ-
ated in front of the grout curtain and takes full water pressure, the rest will be
affected by oscillating underground water level. It is expected, that existing level
shall be partly lowered.

Final cross profile of the tunnel is of horseshoe shape with circular vault and
plane bottom. Shape of the driven profile was adjusted to internal dimension
demands, to final lining and to rock quality. Therefore theoretical excavated pro-
file varies from 18.75 to 22.25 m2. Max. driven height is 5.4 m and width 5.0 m.

The excavation was provided by primary lining of shotcrete HV8-B25 150 to
200 mm thick reinforced by steel mesh on both faces. In places with worse qua-
lity of rock, ASTA type of lattice girders was utilized, later on replaced by analo-
gical reinforcement of other supplier. The lattice girders are assembled on the
site from four segments prepared by workshop. The bottom was driven in gross
level line without further modification.
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Soucasné umozZriuje pfijatelnou ochranu stavenisté tésniciho plasté hraze zabez-
pecenim pievadéni predpoklddanych zvydenych pritokl Stolou v prdbéhu prova-
déni rekonstrukce pfehrady.

Stola je situovana v pravobfeznim svahu nadrze. Na navodni strang na Stolu
navazuje ponofeny vtokovy objekt s piistupovou Stolou budovanou ve svahu nadr-
Ze z povrchu. Na vzdu$né strané je Stola ukongena vyvarem.

Stola spodnich vypusti sestava z zelezobetonovych konstrukci vtokové ¢asti
a vytokové ¢asti, které budou realizovany v otevieném vykopu a vlastni Stoly, rea-
lizované razenou technologii v délce 356.60 m.

Stola spodnich vypusti je z hlediska terminologie CSN 73 7501 tunelem, nebot
ma vyrubovy prirez vétsi nez 16 me.

- pficny profil $toly spodnich vypustl

Z hlediska kvality horninového masivu a jeho pisobeni na obezdivku bylo v tra-
se Stoly uvazovano pét ndvrhovych typt a tomu byl pfizpisoben navrh provizorni
a definitivni obezdivky. Z hlediska zatizeni vodnim tlakem je ¢ast trasy Stoly vede-
na v prostoru pred teésnicim prvkem v nadrzi a je vystavena plnému tlaku vody ,
¢ast nize po vodé bude ovlivnéna podzemni vodou stavajici, ktera ve svahu kolisa.
Ocekava se, Ze razbou dojde k ¢asteénému snizeni Grovné podzemni vody.

Definitivni profil $toly ma podkovovity tvar s kruhovou klenbou, $ikmymi opéra-
mi a rovnym dnem. Tvar razeného obrysu Stoly byl pfizplisoben pozadovanym
vnitfnim rozmérdm, definitivni tloustce osténi a predpokladané kvalité horninového
masivu. Z toho diivodu teoretickd plocha vyrubu kolisa od 22,25 do 18.75 m?. Max.
vyska Stoly f)h razbé 5.4m, max. Sitka 5,0m.

Vyrub byl s postupem razby zajistovan provizorni obezdivkou provedenou stii-
kanyrn betonem HV8-B25 11150 az 200 mm vyztuzenym sitémi pfi obou licich.
V mistech v geologicky horsich podminkach byla pouZita pfihradova vyztuz ASTA,

luncl
Driving process

Before tunneling, cutting of the portal in debris and weathered rock was per-
formed. The excavation was stepwise provided by nailing, anchoring in lower
part was by short grouted spikes. For stabilization of the excavation slopes pre-
tensioned rod anchors connected with steel beams were utilized. Surface of the
excavation, which is of temporary character, is provided by shotcrete. These
works were carried out by Ingstav a. s. Opava as enabling works.

First breaking approx. up to 10 m were taken under micropile umbrella. Driving
was realized by means of explosives in entire profile. Inflow of underground
water was registered in ten places. Leakage of capacities up to 0.5 .s' were
always situated on the contact of impermeable shales and massive, cracked
sandstone. Total volume of 4 |.s-1 was easily handled. Boreholes and primary
lining installation works were made by using lift platform.

Chosen way of excavated rock transport by wheeled loaders needed creation
of a passing bay in the middle of the route. Progress of mining works was limi-
ted by requirements of acceptable affects on existing structures. Pursuance of
works - keeping the limited amount of explosives - was checked by continuous
seismic measurement. In this way the data were available in any time and the
control of the works could be operative.

By upstream portal, also made in advance, approx. 10 m section was driven
downward. The profile was divided due to low cover. The upper part of the profi-

Obr. 1
Letecky snimek — vodni dilo Moravka v provozu (1996)
Aerial view of the Mordvka Dam in operation (1996)

Obr. 3
Stola spodnich vypusti — navodni portal (duben 1999)
Bottom outlet tunnel - upstream portal (March 1999)

Stola spodnich vypusti — povodni portal (duben 1999)
Bottom outlet tunnel - downstream portal (March 1999)

ktera byla v pribéhu Ws{avby zaménéna za obdobnou vyztuZ jiného vyrobce.
Konstrukee pfihradove vyztuze je vyrobena dilensky a na stavbé spojena ze Ctyf
dilir spojovanych tupymi Sroubovymi spoji. Pocva byla v pribéhu razby vyrazena
v hrubé niveleté bez dalsich uprav.
- postup dilnich praci

Pracem ve $tole pfedchazelo provedeni otvirky portalu, ktery byl provadén
v pokryvnych Gtvarech tvofenych hlinitokamenitymi sutémi. S postupem odkopavky
byl svah sou¢asné zajistovan hrebikovanim, nize ve skalnim podlozi byly svahy kot-
veny kratkymi injektovanymi svornlky Pro zajisténi stability svahu byly realizovany
piedpjaté tyCové kotvy sprazené s valcovanymi nosniky. Veskeré svahy portalu, kte-
ry ma doCasny charakier, byly opatieny stiikanym betonem.Tyto prace zajistoval
zhotovitel stavby Ingstav a.s. Opava, jako souéast pfipravnych praci pro razbu.

Prvni zabéry razby cca do 10m byly realizovany pod ochranou "destniku" z mik-

Obr. 4

Stola spodnich vypusti — navodnf portal — detail (duben 1999)
Bottom outlet tunnel - upstream portal - detail (March 1999)
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ropilot: Razba Stoly byla provadéna pomoci trhavin v plném profilu. Podzemni voda
byla v pribéhu razby zachycena asi v deseti mistech. Prisaky se vyskytly jednot-
livé do 0,5 I.s-1 vzdy v mistech na styku nepropustnych biidlic a masivnich rozpu-
kanych plskovcu Podchyceni Ghrnného prisaku do 4 |.s-1 nepfedstavovalo tech-
nicky problém.

Vitné prace a nasledné zajisténi provizorni obezdivkou byly provadény ze zdviz-
né plosiny.

Zvoleny post g dopravy rubaniny s odvozem kolovymi nakladaci si vyZadoval
zhruba v poloving trasy zfizeni vyhybny. Postup razby byl omezovan podminkami
vyplyvajicimi ze seismickych cinks ra2by na okolni objekty. Provadeéni praci - pou-
Zili omezeného mnozstvi trhavin byl kontrolovan trvalym seismickym méfenim.
Kontinualnim méfenim méla stavba ﬁ dispozici udaje o seismickém zatizeni nadlo-
Zi a mohla operativné Gpravit postup trhacich praci.

U navodniho portalu, ktery byl rovnéz proveden v predstihu byl provadén kratsi
cca 10m Usek (padni razbou. Profil byl s ohledem na nizké nadiozi prorazen v cle-
néném porubu. Homi polovina profilu byla razena (padng, dolni polovina profilu jiz
byla razena dovrchné. Tento netradiéni zpisob ukondeni razby byl zvolen zhotovi-
telem stavby z divodl nemoznosti pfijezdu mechanizm( pro odvoz rubaniny do
prostoru jiz zastavéné vtokové Easti. Provedenim élenéného porubu v mistech
s minimélnim nadlozim se také dosahlo minimainich deformaci.

Vlastni razba $toly byla provéadéna od 5.8.1998. Prorazka horni poloviny profilu
Stoly byla provedena 27.1.1999. K datu 28.2.1999 byla Stola dokonéena ve stavu
pnpravenem pro moznost prevedeni jarnich vod rozestavénou $tolou, dokonéova-
ci prace na Upravach dna vSak nadale probihaly.

V pribéhu biezna doslo pii jarnim tani ke vzduti vody v nadrzi a ndslednému pfe-
liti ochranné jimky na vtoku. Plnym profilem $toly prosla povodiiova vina jejiz odha-
dovand kulminace byla 60m®.s-1. Tato uddlost pozastavila dokondovaci préce, ale
soucasné dikladné vycistila dosud nedokonéené dno. Rozestavény objekt razené
¢asti Stoly neutrpél nijaké kody a prokazal dobrou kvalitu provedenych praci.

Provadéni dodatecnych Uprav dna po prorazce, nevhodné zvolend technologie
dogidtovani dna pfi dokonGovani pied betondzi, nedodrZeni toleranci razeného dila
a nedostatecna kontrola provadéni, vedly k dodateénym dpravam v mistech nedo-
lomt a ke zvySeni kubatury betonu definitivni obezdivky v misté nadvylomd.

Nutné dodate¢né préace si vyzadaly prodlouzeni doby provadéni razby a provi-
zorni obezdivky. Ve svém disledku vyvolaly nutnou zménu projektu a technologie
provadéni definitivni obezdivky a ndslednou dpravu postupl vystavby souvisejicich
objektl pfi neprekroditelném cilovém terminu dokonceni této ¢asti stavby VD
Moravka.

Provadéni razby a provizorni obezdivky Stoly spodnich vypusti zajistovaly, v sub-
dodavce pro zhotovitele celé stavby Ingstav a.s.Opava, firmy VOKD a.s. Ostrava
a Vystavba dolli Ostrava spol. s r.o.

VLIV RAZENYCH OBJEKTU NA STAVAJICi OBJEKTY

Projekt pfedepisoval obcasnou kontrolu a to méfenim seismickych uginkd vyvo-
lanych pouzitim trhavin pii razbé. Zejména pfi prachodu razené Stoly spodnich
vypusti prostorem injekéni clony byly zpfisnény poZadavky a omezena spotieba
trhavin. Ugelem bylo dosazeni minimalizace narudeni kompaknosti injek&ni clony.
Mimo méfen/ zajistovanych dodavatelem razby investor instaloval trvalé méfeni
v prostoru svych objektll, tak, aby byla zajiSténa trvald kontrola v pribéhu vystav-
by pro piipad poruch v konstrukeich stavajicich objektd.

S ohledem na postupuijici vystavbu dalSich objektl, které byly provadény
v malém nadloZi nad raZenou &tolou spodnich vypusti v ¢asovém soubéhu, bylo
v prubehu realizace dila pfistoupeno i k pribézne kontrole deformaci nové budo-
vanych objeki( v nadlozi télo Stoly. Méfeny byly deformace masivu v nadloZi
névodniho portalu a deformace jednotlivjch blokl pfistupové Stoly budované
v nadiozi razené §toly. Méfeni posunll bylo dopinéno deformetrickym méfenim
v dilatadnich sparach, kterym se sledoval pohyb téchto spar. Méfeny byly také
seismické Ucinky pifmo na nejblizsi nové betonové konstrukci pfistupové Stoly.

Pro veskera méfeni byla stanovena mezni kritéria v dennim intervalu a v sou¢-
tu celkem, kterd nesméla byt pfekrocena, resp. pfi jejichz pfekroceni bylo nutné
zastavit razbu, sledovat proces konzolidace, pfipadné by bylo rozhodnuto pfikrogit
k technickym opatfenim.

Z praktického hlediska se sledovani nivelaéniho méfeni ukézalo jako nejefektiv-
néjsi, Celkova uhmna deformace betonovyeh konstrukel pristupové Stoly v nadlozi
byla stanovena na 10 mm, denni limit max. 2 mm. S postupem razby byla sledo-
vana postupné deformace na spodnich blocich pristupové stoly, kde byly zazna-
menany deformace v maximalni souctové hodnoté 4,7 mm. V nadlozi u navodniho
portalu byla zjisténa celkova deformace v Ghrnu 7,7 mm, v dennim extrému 2,6
mm. Méfeni deformaci v dilatacich nezaznamenalo nikde nahly posun mezi jedno-
tlivymi bloky, byly pouze zaznamenany teplotni vlivy (smrdtovania rozevirani spar).

Sledovanim postupu deformaci byla zajisténa pribéina kontrola vystavby, kte-
rou byl prokdzan bezpeény postup razby v hominé s nizkym nadloZim. K bezpec-
nému dokonceni razby pfispéla i samotnd geologicka dispozice masivu, kde
v nadloZi byla zastizena masivni deska piskovet 0 mocnosti 1,5 az 2 m.

ZAVER

V souasnosli je drenazni Stola jiz v provozu a je zajisténo prabéiné sledovani

U&innosti realizovaného drenainiho systému prostiednictvim zafizeni technicko-
bezpeénoslmho dohledu. Uginost dila byla poprvé provéfena v pribéhu zvysene-
ho srazkového obdobl na podzim roku 1998, Maximalni prisaky byly zatim namé-
feny v navaznosti na del$i srazkové obdobi v ¢ervnu 1999 a to cca do 40 I/s.

Ve $tole spodnich vypusti v sou¢asné dobé probihaji dokonéovaci prace spoje-
né s razbou a provizorni obezdivkou a soucasné v "patach hornikd" probiha beto-
ndz definitivni Zelezobetonové obezdivky po jejimz dokonéeni bude mozné touto
hydrotechnickou $Stolou spolehlivé pfevadét pritoky s maximalni projektovanou
kapacitou 42 m¥/s,

Zpracovatel projektové dokumentace je Aquatis a.s. Bmo. Investorem a provo-
zovatelem VD Moravka je Povodi Odry Ostrava.

Autofi dékuiji Prof. Dr. Ing. J. Bartakovi Dr.SC. z CVUT Praha za vécné pfipo-
minky.

le was driven downward, then the lower part upward. This non traditional appro-
ach was chosen by the contractor because of impossibility of access to inlet
structure. By dividing the face in place with minimum cover, the minimum defor-
mations were achieved.

The mining works were started in August 8th, 1998. The break through of the
upper section of profile was ready at January 27th, 1999. At the date of February
28th, 1999, bottom outlet tunnel was completed for possible diversion of spring
time waters otherwise the finishing works continued.

In March 1999, due to snow melting, the water level of the reservoir raised and
crossed the cofferdam on the inlet structure. Through the profile of tunnel the sur-
ge wave passed with estimated peak of 60 m’.s-1. This event interrupted finis-
hing works but simultaneously cleaned still uncompleted bottom. Semi-built
structure of the tunnel resisted to all possible damages and proved a good qua-
lity of works.

Modifications of the bottom after driving, not suitable technique for cleaning
before making final lining, not complying the tolerance of breaking profile and not
sufficient inspection during works led to additional arrangements and increasing
of concrete volume. Additional works needed caused extension of the time peri-
od for driving and primary lining. Because of firm term of completion, change in
the design and technique of final lining was implicated as well as a modification
of advance in other connected structures.

Driving and primary lining was completed for Ingstav a. s. Opava by firms
VOKD a. s. Ostrava and Vystavba dolii Ostrava Itd.

IMPACT OF DRIVEN STRUCTURES ON EXISTING
STRUCTURES

Design was concerned on periodic check by measuring seismic effect of
explosives used. Especially in place of crossing the grout curtain by bottom out-
let tunnel, requirements were strict and allowed amount of explosives was lowe-
red. The aim was to minimize disturbance of compact grout curtain. Besides the
measurement provided by contractor also investor installed continuous measu-
rement in structures, so the continuous monitoring was established.

Taking in account advance in construction of other structures over the tunnel,
the continuous measurement of deformations in these structures was provided.
The deformation of massif over upstream portal and of elements of access gal-
lery were taken, supplemented by measurement on expansion joints for chec-
king the movements. Also seismic effect on the concrete structure of access gal-
lery was observed.

Ultimate limits for all types of measurement were set in daily interval and
accumulated value, that was not allowed to be exceeded without interrupting the
works or making technical measures. From practical point of view, the leveling
measurements were found most effective. Total deformation of concrete structu-
re of access gallery in overburden was set to 10 mm, the daily limit was 2 mm.
Together with driving, successive deformation on lower blocks of access gallery
was observed with total value of 4.7 mm. In massif over upstream portal, total
deformation was 7.7 mm, daily extreme was 2.6 mm. Measurement on expanion
joints proved absence of movement between blocks, only effect of temperature
changes was recorded.

By observing the development of deformations was continuous inspection of
constructing process secured, which proved safe driving in massif with low cover.
Geotechnical condition of massif itself contributed to safe process because of
subhotizontal orientation of sandstone beds 1,5 to 2 m thick.

CONCLUSION

At this time, the drainage gallery is operating and continuous monitoring of its
effect is provided through equipment of technical security supervision. The effect
of drainage gallery was first examined during high precipitation period on fall
1998. Maximum discharge value of 40 l.s-1 was recorded in June 1999.

The final works on primary lining "in front of" making reinforced concrete final
lining are running at bottom outlet tunnel at this time. After completion of works,
the maximum discharges of 42 m3.s-1 can be diverted by this hydrotechnical
gallery.

Both structures were designed by Aquatis a. s. Brno, owner and operator of
the Morévka dam is Povodi Odry Ostrava.

The authors wish to thank to Prof. Ing. Jiff Bartak DrSc. for kind and helpful
remarks.
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REKONSTRUKCE PROVOZOVANYCH
RAZENYCH STANIC PRAZSKEHO METRA

REFURBISHMENT OF THE OPERATED
DRIVEN STATIONS OF THE PRAGUE METRO

ING. MIROSLAV KOCHANEK, METROPROJEKT PRAHA, A. S.
ING. PETR VOZARIK, METROSTAV, A. S.

uvoD

V priibéhu uplynulych Sesti let se na nejstarsich trasdch prazského metra, tj.
na trase I.C a A, zacaly postupné provadét vymény pohyblivych schodu.
Davodem téchto vymén je ukonend technicka Zivotnost plivodnich eskalatord,
neefektivnost jejich oprav a Gdrzby a nemoznost dosaZeni novych technickych
parametr(i opravami.

Soucasné s vyménami eskalator(l se zacaly realizovat také stavebni Gpravy
v Jednotlivych vystupech u hloubenych stanic, pfipadné podchod na trase
I.C (KaCerov, Budé&jovicka, Pankrac, |.P.Pavlova, Muzeum, Hlavni nadraz
a Florenc), stavebni Upravy a rekonstrukce v eskalatorovych tunelech na trase
I.A (Mistek, Muzeum) a koneéné celkové rekonstrukce raZzenych stanic na trase
lLA. Od listopadu 1995 do dubna 1999 byly postupné zrekonstruovany tyto sta-
nice: Hrad¢anska, Staroméstskd a Namésti Miru. V souCasné dobé probiha
rekonstrukce stanice Malostranska. Trasa metra, na které se nachazeji rekon-
struované stanice, byla do provozu uvedena v roce 1978.

POPIS STAREHO STAVU RAZENYCH STANIC

NejCast&jsi stavebni zavady, které byly zjistény pfi prazkumnych pracech

a naslednych rekonstrukeich, Ize shrnout do nésledujicich okruht:
netésnosti montovaného osténi razenych tunelll dochazi ke znagnym prisa-
kiim podzemnich vod do stanice,

- nevhodnym konstrukénim feSenim tzv. zont (vnéjsi ochranna ¢ast dvouvrs-
tevného architektonického podhledu odvadgjici prisakové vody) dochézi
k zarlstani odvodnovacich prvkil vyluhy z injektazi a cely odvodiiovaci systém
se postupné stava nefunkéni, nebot voda se svadi ze $irokych ploch do
Uzkych, nepfistupnych odvodiiovacich Zlabkd a trubek, které se postupné
zanaseji,

- nedostate¢ny rozsah zontd a zarostly odvodnovaci systém zplisobuje zatéka-
ni priisakovych vod na podhledy, kamenné obklady a ostatni konstrukce vnitf-
niho plasté, ¢imz dochazi k jejich poskozovani,

- nevhodné Fedeni architektonickych podhledl ve staniénich prostupech (napf.
omitkové podhledy) znemozriuje ¢isténi odvodriovaciho systému,

- metalizolace pilitQ ve staniénich prostupech neni ochranéna vrstvou torkretu,

- ale byla pouze protikorozné ochranéna natérem, jenz je dnes jiz poskozen,

- metalizoalce pilifd v mistech napojeni na pfituby litinovych tybinkt je velmi sil-
né zkorodovana vlivem zatékani prisakovych vod,

- dochazi k roztékani prosakujicich vod v Urovni nastupiété, ke zkapavani vod
do prostoru pod nastupistém a k nasledné korozi nedostate¢né protikorozné
chranénych ocelovych prvkl konstrukce nastupité, ocelovych vyloznikii
a lavek pro kabely, ocelovych krytd odvodriovacich Zlabka a dalich ocelovych
prvka,

- kamenné obklady pilifi a stén provedené systémem suché montaze jsou as-
to mechanicky poskozené (vylamané drazky),

- nebyla provedena ochrana kamennych obkladl proti ndraztim mycich vozika
pomoci svodidel,

- dfive pouZivané laminatové zonty nesplfiuji dnesni pozadovany stupefi nehof-
lavosti pro stavebni materidly v metru a negativné se projevily pfi pozaru ve
stanici Staroméstska v roce 1994.

VYMENA POHYBLIVYCH SCHODU
V ESKALATOROVYCH TUNELECH

Stavebn{ ¢innosti, spojené s vyménou pohyblivych schodd, Ize podie charak-
teru zafadit do nékolika skupin. Jednd se o prace pfipravné, jez pfedchazeji

INTRODUCTION

The work on replacement of escalators on the Prague Metro oldest lines, i.e.
the lines 1.C and A, were successively started in the course of the past six
years. The reason for the replacements was the ending technical life of the ori-
ginal escalators, ineffectiveness of their repairs and maintenance, and impossi-
bility to achieve new technical parameters by means of the repairs.

The work on refurbishment of individual exits at cut-and-cover stations and
underpasses at the stations of the line I.C (Kacerov, Budejovicka, Pankrac,
I.PPaviova, Muzeum, Hlavni nadrazi and Florenc stations), refurbishment of
escalator shafts on the line 1A (Mustek and Muzeum stations), and, finally,
a general refurbishment of driven slations on the line I.A was carried out simul-
taneously with replacement of the escalators. From November 1995 to April
1999 they successively renovated Hradcanska, Staromestska and Namesti Miru
stations. At present, the Malostranska station is being refurbished. The Metro
line on which the refurbished stations are situated was put into operation in 1978,

DESCRIPTION OF THE FORMER CONDITION
OF THE DRIVEN STATIONS

The structural shortcomings, which were found most frequently during the sur-

vey and the subsequent refurbishment work, can be characterized as follows:
ground water seeping info stations due to the leaking segmental lining of dri-
ven tunnels,

- drainage systems getting out of function as a result of an improper design of
the leak diversion system (formed by the external protective part of the doub-
le-shell suspended ceilings, designed to divert the leaking water). The system
elements, namely the narrow, inaccessible troughs and pipes collecting water
from large areas, gel gradually plugged by extracts of the grouting,

- damage to the false ceilings, stone cladding and other structures of the inter-
nal lining as a result of insufficient range of application of the leak diversion
system, and of the ingrown drainage systems,

- rendering the work on clearing of the drainage systems impossible due to an
unsuitable design of ceilings in station cross passages, e.g. plastered ceilings.

- damage to the paint coating of the metal insulation of pillars at the station
cross passages due to the missing protection provided by sprayed mortar,

- the metal insulation of the pillars is sirongly corroded in the places where it
Joins the flanges of casl iron segments as a result of leaking ground water,

- the leaking water, spreading at the platform level, drops down to the space
under the platforms. Subsequently, corrosion of insufficiently protected steel
structural components of the platforms occurs, as well as corrosion of steel
consoles and cable brackets, steel covers of drainage ducts, etc.,

- mechanically damaged stone cladding of pillars and walls, which was perfor-
med by the dry installation method (broken grooves),

- omission of installation of crash-barriers, protecting the stone cladding against
impacts by washing trucks

- the formerly used fiberglass leak diversion systems do not meet the present
standard for the fire resistance of building materials used in subways. In addi-
tion, they had a negative effect on the fire in the Staromestska station in 1994.

REPLACEMENT OF ESCALATORS
IN ESCALATOR SHAFTS

According to their character, the building activities connected with replace-
ment of escalators can be divided into several groups, i.e. the preparatory work
preceding the realization proper, the work on dismantling and demolition, auxili-
ary work for installation of new escalators, and activities connected with the new
structural and architectural solution.

The protective structures, protecting floor and wall cladding against mechani-
cal damage and smearing with oil during the dismantling, building and installati-
on works, are provided in the framework of the preparatory work. If necessary,
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vlastni realizaci, prace demontazni a bouraci, pomocné prace pro zajisténi mon-
taze novych eskalétor( a &innosti spojené s novym konstrukénim a architekto-
nickym fesenim.

V rdmei pfipravnych praci se provedou ochranné konstrukce chrénici dlaZby
a obklady pfed mechanickym poskozenim a zne¢isténim olejem pfi demontaz-
nich, stavebnich a montaznich ¢innostech. V oddvodnénych piipadech je nutné
zfidit provizorni stény s prachovymi filtry, zabranujicimi &ifeni prachu do verejné
pistupnych prostor, eventudiné dalsi ochranna opatfeni proti siteni spalin a jis-
ker pfi svafeni nebo fezani plamenem atd.

Pii demontaZnich pracech se postupné demontuji prvky informac¢niho systému
metra, osvétleni, ozvugeni a dalsi slaboproudé zafizeni a nakonec se odmontuji
podhledy a zonty. Pomémé naro¢na je demontaz starych eskalator(i { znegidténi
olejem, vyvin spalin pfi fezani plamenem). Postupné demontované jednotlivé dily
se ze stanice odvazeji po kolejich metra. Zna¢ny je objem bouracich praci, pfi kte-
rych se odstranuji véechny Zelezobetonové kotevni bloky plvodnich eskalatord.
V mistech budoucich podpér novych eskalatorli se v eskalatorovém tunelu pro-
boura mezistrop, v napinaci komofe a ve strojovné se vybouraji konstrukce stro-
pl tak, aby byl vytvofen potfebny prostor pro instalaci novych schodd.

Po utésnéni prisak( montovaného osténi (viz. kap. 5) nasleduje realizace
nového stavebniho feseni. Piedevsim se provedou podpéry pro nové pohyblivé
schody, véetné navazujicich stropl. V tunelu se osadi nové nerezové zonty
s Upravami odvodriovaciho systému a provede se montaZ nového architektonic-
kého podhledu. V technickych prostorach se obnovi podlahy, provedou nové
kabelové kandly a opravi se omitky a natéry.

Pro zabezpeceni montdZe novych eskalatorll se provedou pomocné montaz-
ni prace. Jednd se nejprve o zvyseni Unosnosti nastupisté a mezistropu v eska-
latorovém tunelu, napf. podstojkovanim. Jednotlivé montazni dily dosahuji hmot-
nosti 4,5 - 9,5 t a pfi jejich pfepravé bez opatfeni by doslo k vy¢erpani inosnos-
ti nastupistnich prefabrikatd. Dale jsou pro montaz navrzeny montazni zavésy,
pojezdové drazky a montazni plosiny pro pfisun dili na misto ulozeni, podle
pozadavkd dodavatele montaze.

Po montazi pohyblivych schodll se dokonéi architektonicky podhled s podél-
nymi reklamnimi plochami, podélnymi liniovymi svitidly a ozvuéenim. Ve vefej-
nych prostorach se obnovi kamenné dlazby a obklady a namontuiji se prvky infor-
macniho systému metra. Ve v8ech rekonstruovanych prostorach se provede
elektroinstalace osvétleni.

Nedilnou sou¢asti rekonstrukce jsou také Upravy technologickych soubord.
Kromé jiz uvedenych pohyblivych schodd se také jedna o jejich silnoproudé pfi-
pojeni, o jejich pfipojeni na automaticky fidici systém, o instalaci akustickych
majackl pro nevidomé, které davaji informace o rezimu a chodu pohyblivych
schodli a mnoho dalsich provoznich souborl (ozvuéeni, automatické odbavova-
ni cestujicich, telefon, EPS a dalsi).

REKONSTRUKCE RAZENYCH STANIC

Rekonstrukce stanic lze provadét pouze pfi vyluce cestujicich, avSak pfi
zachovani chodu nutnych technologickych zafizeni a zachovani provozu osob-
nich vlakl v krajnich staniénich tunelech. Prace ve vestibulu, v eskalatorovém
tunelu, v prostoru nastupiété a pod nastupidtém mohou probihat nepfetrzité,
rekonstrukéni prace v krajnich stani¢nich tunelech pouze v nonich vylukéch
metra. Cinnosti spojené s vyménou pohyblivych schodl jsou uvedeny v pred-
chozi kapitole. Zde jsou proto uvedeny pouze zasady pro rozsifeni praci ve verej-
né Géasti stanice (modernizace architektonického plaste).

Rez v mist& prostupu
— . Cross section at a cross

Nerezové zonty — -
Stainless steel water
diversion system

\

-

temporary walls with dust extractors, preventing the dust from spreading into the
public spaces, are provided, possibly with other protective measures against
spreading of products of combustion and sparks generated during welding or fia-
me cutting etc.

Dismantling of the components of the metro information system, lighting, pub-
lic address system, and other weak current installations is performed first, while
the suspended ceilings and leak diversion systems are dismantled as the last
ones. Dismantling of a former escalator is quite a demanding operation (smea-
ring with oil, development of products of combustion). The step by step dismant-
led parts are transported away along the metro track. There is a considerable
volume of work on demolition of all reinforced concrete anchorage blocks of the
former escalator. The intermediate floor in the escalator shaft must be broken
through in the locations of the future supports of the new escalators. Suspended
slabs in the tightening chamber and in the engine room must also be broken
through to create a space needed for installation of the new escalator.

After the leaks of the segmental lining are sealed (see clause 5), implementa-
tion of the new structural solution follows. In particular, supports for the new
escalator are built, inclusive of the linking suspended slabs. A new stainless leak
diversion system is installed in the shaft and the drainage system is mended.
Then a new suspended ceiling is installed. Repair of the floor is done in the tech-
nical rooms, as well as construction of new cable ducts and repair of plastering
and painting.

Auxiliary work, which must be done for installation of the new escalator, com-
prises an enhancement of loading capacity of the station platform and the inter-
mediate floor in the escalator shaft, e.g. by propping. Individual assembly secti-
ons reach the weight of 4.5 to 9.5 tons. Without special measures, the loading
capacity of the precast platform units would be exhausted during their transpor-
tation. Hangers for the installation work, fracks and assembly platforms for
moving and supply of the parts to the installation position are designed in com-
pliance with requirements of the assembling contractor.

After the escalator is installed, the installation of architectural suspended cei-
ling with longitudinal advertisement boards, longitudinal line lighting fixtures and
loudspeakers is completed. Stone floor and wall cladding is renewed and the ele-
ments of the metro information system are installed in the public circulation spa-
ces. Electrical installation for lighting is performed in all the refurbished spaces.

Technological sets also form an integral part of the refurbishment job. Apart
from installation of new escalators, it comprises heavy current connections, con-
nections to the automatic control system, installation of acoustic signals for the
blind, informing about the condition of the escalator, and other operational sets,
e.g. the public address system, automatic passenger handling system, telepho-
ne, electrical fire-alarm etc.

REFURBISHMENT OF DRIVEN STATIONS

Refurbishment of stations can be performed with exclusion of passengers only.
Although, the necessary technological sets must be kept working, and the operati-
on of passenger trains in the station platform tunnels must be maintained. The work
in the ticket hall, in the escalator shaft, in the central concourse tunnel space and
under the platform can proceed without interruption, while the work on refurbish-
ment of the side station tunnels can be done during night closures of the metro
tracks. The activities connected with replacement of escalators are mentioned in
the above clause. This clause describes the principles of extension of the work to
be done in the public part of the station (renovation of the architeclural cladding).

Protection of the floor cladding must be provided on the platform too. Then all
components of the internal cladding are dismantled, as well as those of the ligh-
ting and the public address system. The procedure of dismantling is established
with respect to the requirement fo salvage as many eloxal-coated aluminum
lining sheets as possible for re-installation, and to save a maximum number of

Rez v misté pilite
Cross section
at a pillar

Rozsah sanace prusaku
Area of the leaks sealing

Liniove svitidlo

Tunelové osténi

"Kamenny obklad |
Tunnel lining -

. Stone facing

Line lighting fixture

Svodidlo
Crash barnier

[ Architektonicky podhled
Architectural ceiling

10 250 mm

Obr. 1
PFiny fez stanici
Typical cross section of a station

10 250 mm
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Také na nastupiéti je nutné provést ochranu dlazeb. Potom se demontujf
véechny prvky vnitfniho plasté, osvétleni a ozvuceni. Postup demontaZe se sta-
novi s poZzadavkem na maximaini mozné zachovani prvkl eloxovaného hliniko-
vého podhledu pro zpétnou montdZ a kamennych desek obkladu pro pfipadné
dalsi vyuziti. Zcela se odstrani plvodni laminatové zonty. V desce nastupisté,
ktera je vytvofena z ocelovych nosnikl a prefabrikatd, se vytvofi systém odvod-
fovacich otvori za kamennym obkladem u osténi tak, aby bylo moZné souvislé
odvadéni priisakovych vod do prostoru pod nastupistém. Aby se mnoZstvi téch-
to prasak( snizilo na minimum, provedou se po ukonéeni demontaznich praci
sanace prlisakd. Sanaéni prace se provadgji v rozsahu vSech dostupnych spar
v prostoru nad nastupistém.

Nahradou za demontované laminatové zonty jsou navrzeny ochranné konstruk-
ce architektonického podhledu nového systému v nehoflavém provedeni. Zavésné
konstrukce, oblouky zontll i desky zontl jsou vyrobeny z nerezové chromniklové
oceli. Zonty jsou dopinény i ve svislych ¢astech za kamennymi obklady v nepro-
stupovych ¢astech néstupisté a u pilifl. Pouze v mistech vlastnich prostupl jsou
osazeny odvodnovaci Zlabky, které véak musi byt po odryti podhledd piistupné.
Véechny dalsi odvodriovaci Zlaby a trubkové svody jsou odstranény a nahrazeny
systémem celoplosného odvodu prisakovych vod pod ndstupiété do odvodhiova-
cich zIabku, které je mozné kdykoliv Cistit a kontrolovat. Eloxované hlinikové pod-
hledy (systém METRO |.A) se po vy¢idténi a doplnéni namontuji zpét, aby pivod-

stone facing slabs for their reusing. The original fiberglass leak diversion jacket
is completely removed. A system of drainage holes is performed in the platform
slab, formed by steel beams and prefabs. The holes are behind the stone wall
cladding, close to the tunnel lining. They make a continuous discharge of leaks
into the space under the platform possible. To minimize the volume of the per-
colating water, the work on sealing the leaks is done after completion of the dis-
mantling job (see Clause 5). The sealing work is done on all accessible joints in
the space above the platform.

A new system of non-combustible protective jacket above the architectural
ceilings has been developed as a replacement for the former fiberglass leak-
diversion shell. The suspending elements, arches and sheets of the leak diversi-
on system are made of stainless chromium-nickel steel. The same system is also
installed on the walls behind the stone cladding in the parts of the platform tun-
nels without cross passages, and at the pillars. Drainage ducts are only installed
at the cross passages proper. They must be accessible after dismantling of the
suspended ceiling. The other drainage ducts and down pipes have been remo-
ved and replaced with a planary system diverting the leaks from the whole area
into drainage ducts under the platform, which are at any time accessible for an
inspection and clearing. The METRO I.A system eloxal-coated aluminum ceilings
are re-installed after cleaning and complementing, with a view to preserving the
original architectural impression. The newly installed ceilings from the eloxal-
coated aluminum plates (of the METRO 1A system) are in the station cross pas-

Obr. 2
Prisaky v prostupu nastupisté
Leaks in the cross passage

Obr. 3
Osténi stanice po pfetésnéni
Lining of the station after re-sealing

Obr. 4
Uroven ndstupisté stanice po rekonstrukei
Platform level of the station after reconstruction

Obr. 5
Nastupisté s podélnym svitidlem
Platform with the line lighting fixture
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ni architektonicky raz stanic byl zachovan. Ve staniénich prostupech se nové mon-
tuji hlinikové eloxovane podhledy (systém METRO II.A). Tento podhled je demon-
tovatelny a zpiistupfiuje odvodhiovaci Zlabky nad prostupy.

Obklady se osazuji suchou montazi. Po Upravich (zmenseni desek, nové
drézky) je mozné pouzit i plvodni mramor, ktery se ¢astecné doplni. Zmengeni
mramorovych desek umozriuje novy Zulovy sokl na néstupisti, do kterého jsou
ukotvena nové navrhovand svodidla z nerezovych trubek.

V rekonstruovanych stanicich je také navrzeno nové osvétleni pomoci zavés-
nych liniovych svitidel. Pfiény tvar svitidla je ovalny a umozriuje vystrojeni kabe-
ly elektroinstalace osvétleni. Informaéni systém metra je nového typu a je pre-
vazné nesvételny s reflexnimi tabulemi.

Soudasti rekonstrukce jsou jesté dalsi stavebni prace, jako napi.:

- protikorozni, pfipadné protipozarni ochrana ocelovych konstrukei cementovy-

mi omitkami (nosniky nastupisté, metalizolace pilifd atd.),

- rekonstrukce mistnosti dozoréiho stanice a pfepravniho manipulanta,

- rekonstrukce vodovodu a suchovodu,

- zesileni podpér nastupiste,

- Upravy krytd a poklopl na nastupisti,

- provedeni bezpeénostnich pasi se zdrsnénym povrchem,

- vyména zontl v elektrické stanici v technologickém tuneluy,

- rekonstrukce technickych prostor metra (3atny, soc. zafizeni, kuchyriky
atd.),

- rekonstrukce vefejnych prostor vestibulll a podchodu,

- rekonstrukce kamenného obloZeni pevnych schodist,

- provedeni nové obchodni vybavenosti v podchodech atd.

V rdmci rekonstrukce stanice se také provadéji ipravy technologickych zafi-
zeni. Jedna se zejména o:

- silnoprouda zafizeni (kabely, rozvadéce, Upravy v elektr. stanici v technologic-
kém tunelu atd.),

- slaboprouda zafizeni (telefony, ozvuceni, EPS, antén VKV, zafizeni PTV, AOC
atd.),

- automaticky systém dalkového fizeni technologickych zafizent,

- vzduchotechniku.

SANACE TECi TUNELOVEHO OSTENI

Z popisu starého stavu razenych stanic je zfejmé, Ze velka ¢ast zjisténych

Obr. 6
Prasaky v obkladech stanice
Leaks in the station facings

sages. This suspended ceiling is removable, and it allows access to the draina-
ge ducts above the cross passages.

The cladding is installed by a drylining method. It is possible to use the origi-
nal marble tiles, after their timming (reduction of the size, new grooves), with
a partial addition of new tiles. The size reduction is made possible thanks to the
new granite sub-base at the platform area, to which the newly designed crash-
barriers made from stainless steel pipes are anchored.

A new lighting by suspended line lighting fixtures has been designed for the
refurbished stations. The cross section of the lighting fixture is oval. It makes
installation of electrical cables for the lighting possible. The metro information
system is of a new type, mostly with retro-reflecting message signs instead of the
illuminated ones.

There are other items of work needed for the refurbishment, for example:

- anti-corrosion and fire protection of steel structures by cementitious plastering
(platform beams, metal insulation of pillars etc.),

refurbishment of rooms for platform supervisors and transport operators,
refurbishment of water mains and dry risers,

reinforcement of props under platforms

adjustment of covers and gratings on platforms,

provision of safety strips with roughened surface,

replacement of the leak diversion system in the transformer/distribution stati-
on and in the technological tunnel,

refurbishment of technical spaces in the metro (changing rooms, kitchens
etc.),

- refurbishment of public circulation spaces in concourses and underpasses,

- refurbishment of stone cladding of firm staircases,

- building of new retail outlets at underpasses etc.

Improvement of the following technological equipment is also provided in the
framework of the station refurbishment:

- heavy current facilities (cables, distribution boxes, the work in the transfor-
mer/distribution station in the technological tunnel etc.),

- weak current facilities (telephones, public address system, electrical fire-
alarm, FM aerials, signaling etc.),

- automatic system of remote control of technological equipment,

- ventilation.

SEALING OF LEAKS IN THE TUNNEL LINING

It is obvious from the description of the previous condition of driven stations
that a substantial portion of disclosed defects has been caused by seeping

Obr. 7
Priisaky v tunelovém osténi
Leaking joints of the tunnel lining
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zavad je zpUsobena pravé prosakujici vodou. Proto se pfi rekonstrukci vénuje
velkd pozornost pravé sanacim teéi.

Od zahajeni vystavby metra v 70. letech byla zékladni technologii pfevzatou
z vystavby moskevského metra pro vystavbu tunelovych staveb prstencova
metoda vyuZivajici pro osténi dovazenych litinovych nebo Zelezobetonovych
tubinkd. Toto skladané ostént se siti styénych a loznych spar bylo proti prisakim
vody uzavirano tésnici injektazi na bazi cementovych malt. Findlni Uprava pak
sestavala ze zalemovani spar olovénym u litinového osténi, ¢i pozdéji u obou
typl osinko cementovym provazcem s rozpinavym cementem,

V prazskych hydrogeologickych podminkach jsou vSak uvedené konstrukce
vystaveny enormnim plsobenim hlavné siranové agresivni vody (tlak podzemni
vody 1-3,5 baru). Zatésnéné spary se uz pfi vystavbé ukazaly jako nejslabsi ¢la-
nek v tésnosti konstrukce. Vedle nedostatednosti v pruznosti se projevovaly
negativné i tolerance vyrdbénych dilct, otfesy po trhacich pracech a lidsky fak-
tor pfi CiSténi spar a nasledné vypIné.

Provozni vlivy, hlavné dynamickymi Ucinky od pfijezdu vlaku, byly daléi pfici-
nou, ze v prilbéhu provozu dochazelo k novym priisakdm, nékdy pfimo ohrozu-
jicim provoz. Uz pfi zahéjeni vystavby nové trasy metra v 90. letech, kdy ast tra-
sy byla vybavena tradiéni konstrukei, byl v technickém rozvoji véech partnert
vystavby, zadan dkol odstranit nedostatek v tésnéni konstrukce a tim zlepsit
parametry vodotésnosti.

Na rozestavéné trase IVB byl vybran pro pokus Usek v délce 200 m enormé
zvodnély a stale napajeny prisaky z koryta feky Rokytky.

Pro hodnoceni materialu byla vedle schopnosti zamezeni prasak( dilezitym
kriteriem mira pruznosti, kter by zabezpecila eliminovat vlivy dlouhodobého pro-
vozu. Z hodnoceni na zavér experimentu vykazaly nejlepsi hodnoty materidly
vyrobené na bazi polyuretanu a to jak vysledky zamezeni vlastniho prisaku, tak
i jednoduchosti opravy konstrukce spary v dobré cenové relaci.

Komisi sloZzenou z partner(i vystavby byl pro dalsi ¢innost vybran material $vy-
carské firmy Asmedia - Mediatan. Pfednosti materialdl i technologie provadéni
byla vedle schopnosti vlastniho zamezeni prisaku vody do prostoru i koncova
oprava spary, které prokazuje dostateénou pruznost a vysokou pfidrznost k povr-
chu dilctl, Material se ukazal vhodny,jak pro opravu litinového, tak i betonového
osténi. Po ziskanych zkuSenostech v sanacich na tunelech rozestavéné trasy
IVB metra bylo rozhodnuto projektantem i investorem pouZit jej i na sanace pro-
vozovanych tras.

Vysledky hodnoceni prokazaly, ze dobré zkusenosti firmy Asmedia z 30. let
vyvojové préce se daji zhodnotit v praZskych hydrogeologickych pomérech, kde
pUsobily pfimo revoluéné. Tento systém vyuzivajici dvoustupriové zatésnéni zis-
kal hlavné u odbératel(l dostate¢nou divéru.

Tésnici a vysoudeci injektdZze hmotou Mediatan 701 byly sice srovnatelné
s jinymi polyuretanovymi pryskyficemi, ovéem funkénost dvojnasobného natéru
Mediatanem 36-1 pfedstavovala origindini stabilizaci zatésnéni s trvalou pruz-
nosti, mechanickou odolnosti a hlavné vysokou pfidrznosti.

V neposledni fadé natéry zachovavaji i esteticka hlediska, hlavné v Usecich,
kde nedochdzi k zakryti podhledu ¢i zontd.

Charakteristika materialt:

InjektdZzni hmota Mediatan 701-1 - jednoslozkové polyuretanové pryskyfice
polymerujici v pfitomnosti vody. Reakei |ze urychlit katalyzatorem. Hmota zasta-
vuje proudici vyrony vody v blizkosti aplikace ve sparéch.

Penetraéni natér Mediatan 701-| -také jednoslozkové polyuretanové pryskyfi-
ce, jeji slozeni je upraveno k natirani na pfedem ocisténé a od proudici vody zba-
vené plochy. Vysusuje oistény povrch a vytvafi podklad pro finalnf natér.

Stérka Mediatan 36-1 (event. 360) - dvousloZkova polyuretanova pryskyfice
vykazuijici po ukondeni polymerizace vysokou odolnost proti poskozeni,velkou
i trvalou pruznost pro pfeklenuti dodatecné vzniklych trhlin (do 1,2 mm). Nanasi
se ve dvou vrstvach.

Stredisko speciélnich praci a.s. Metrostav - divize 5 - aplikuje systém podle
zasad:

* povrch homogenni, &isty, odmastény, injektazemi Mediatan 701-I a vysouse-
cimi soupravami vysudeny

* naneseni natéru Mediatan 701-T jako podkladni prvni vrstvy §tétcem &i valec-
kem

¢ dvouslozkovy Mediatan 36-1 nanaseny postupné ve dvou barevné odligenych
vrstvach vytvoii zavéreénou izoladni vrstvu. Pridrznost k podkiadu 2,5-3 MPa.

* Systém Mediatan byl uplatnén v pfedchézejicich letech pfi dotésriovani tune-
1t prazského metra a to jak v konstrukcich s litinovou &i Zelezobetonovou obe-
zdivkou, ale i pfi tésnéni dilatacnich dilll betonovych konstrukci vestibulli &
podzemnich stanic. Prace byly provadény, jak vétsiho za preruseni provozu,
tak i v dobé nékolika hodinovych noénich wyluk, coz pravé tento systém umoz-
fuje.

Pfi realizaci zat&snéni prisaki na stanici Namésti miru byl v eskalatorovém
tunelu po pfedchozim vyzkou$eni na &astech tratovych tunelech pouzit také ¢es-
ky vyrobek vyrobeny na bazi polyuretanu pod obchodnimi ndzvy PU-polyureta-
nova impregnace, PU-polyuretanova injektdz a PU-polyuretanova stérka -
Chemex.

Certifikované vyrobky dovazenych i tuzemskych polyuretanovych pryskyfic
a dnes uz mnohaleté zkudenosti pracovnikli davaji ty nejlepi pfedpoklady pro
(sp&sné sanace véech dnes uz vice nez 20 let provozovanych stanic prazského
metra.

water. For that reason a lot of attention has been paid to sealing of the

leaks.

Since commencement of the Metro construction in the seventies, the ring met-
hod taken over from the construction of the Moscow Metro, using imported cast
iron or reinforced concrete segments, became the basic tunneling technique.
This segmental lining with its network of head joints and bed joints was sealed
by injecting of cementitious grouts. The final treatment comprised caulking of the
joints in the cast iron lining with a lead rope or, later on, caulking of the joints in
both types of the lining with asbestos rope saturated with expansive cement.

Although, in the Prague hydrogeological conditions, the above mentioned
structures are exposed to enormous effects of mostly sulphate, corrosive water
(ground water pressure of 1 - 3.5 bar). Sealed joints showed the weakest ele-
ment of the structure sealing system as early as in the course of the constructi-
on works. Apart from an insufficient elasticity, the segments production toleran-
ces, shocks during blasting, and the human factor on clearing of the joints and
their filling affected negatively the quality of the sealing.

Operational effects, the dynamical effects of passing trains, were another
reason why new leaks appeared during the operation, sometimes even endan-
gering the operation proper. The technical development departments of all parti-
es of the contract were ordered to remedy the shortcomings of the sealing, thus
to improve the water-tightness parameters, as early as on the commencement of
the works.

A trial section 200 m long was selected on the line IV.B, which was just under
construction. This section was driven in water-bearing ground conditions, with
permanent water influx from the Rokytka river bed.

Apart from the ability to prevent the leaks, the degree of elasticity which would
ensure elimination of the effects of the long-term operation was an important cri-
terion for the choice of the sealant. The resuits of the experiment showed that
polyurethane based materials provided the best sealing of the leaks proper, with
a simple way of repair of the joint structure, and at a good price relation.

The commission consisting of the contractual parties selected a material
manufactured by Asmedia - Mediatan, a Swiss company, for the further utilizati-
on. The virtue of its materials and of the technique of application was, apart from
the ability to stop the leakage into the tunnel space, the final repair of the joint,
which fact proves a sufficient elasticity and high adhesion to the surface of seg-
ments. The material turned out suitable for repair of both cast iron and concrete
lining. After the experience gained on rehabilitation work in the tunnels of the
metro line IV.B having been under construction, the designer and the owner deci-
ded on utilization of this material for rehabilitation of the lines which had already
been operated.

Resulls of the assessment proved that Asmedia’s positive experience, gained
during thirty years of development work, can be taken advantage of in
Prague’s hydrogeological conditions. The effects were just revolutionary. The
system of sealing in two steps won a sufficient trust, among clients above all.

Sealing and drying injections of the Mediatan 701 were comparable with other
polyurethane resins, but the functionality of the Mediatan 36-1 double paint fea-
tured an original stabilization of the sealing, with permanent elasticity, mechani-
cal resistance, and, above all, high adhesion.

Particularly, the paints even comply with the aesthetic requirements, which
fact is the most important in the sections where the joints are not covered by fal-
se ceilings.

The materials characteristics:

The Mediatan 701-1 injection material - a single-component polyurethane
resin, polymerizing on contact with water. The reaction can be accelerated by
a catalyst. The material stops running springs in the vicinity of the application in
the joints.

The Mediatan 701-I penetration coating is also a single-component polyuret-
hane resin. Its composition is adjusted for application on in advance cleaned and
running- water-free surfaces. It makes the cleaned surface dry, and creates
a base for the final coat.

The Mediatan 36-1 (or 360) trowel-grade compound is a double-component
polyurethane resin presenting, after curing, a high resistance against damage,
high and permanent elasticity, which copes with subsequently originating cracks
(up to 1.2 mm). It is applied in two layers.

The Specialized Works Center of Metrostav a.s.
company's Division 5 keeps the following rules of application:

- the treated surface must be dry, clean, degreased, dried up by Mediatan 701-
I injections and by drying sets

- application of the Mediatan 701-T coat as a primer is done with a brush or
a roller

- the double-component Mediatan 36-1, applied in two layers in differing colors,
creates a final insulation layer. Adhesion to the base is of 2.5 - 3 MPa.

- The Median system was utilized in he past years for additional sealing of tun-
nels of the Prague Metro lined both by cast iron and reinforced concrete seg-
ments, Although, it was also used for sealing of expansion joints of the cast-
in-situ concrete structures of concourses or underground stations. Suspension
of the meiro operation was needed for a larger scope cases of the work, whi-
le the other work was done in a couple of hours-long night closures of track,
which way is made possible by this technique.

A Czech polyurethane based product manufactured under trade names PU-
polyurethane impregnation, PU-polyurethane injection, PU polyurethane trowel-
grade compound - Chemex was also used, after a trial use on parts of track tun-
nels, for sealing of leaks in the Namesti Miru station.

The certified products, i.e. the imported and domestic polyurethane resins,
combined with the many years' experience of the workers, provide the best qua-
lification for a successful rehabilitation of the Prague's Metro stations, which
have been in service for over 20 years now.

joint  stock
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TUNEL P3 NA TAG MOTORWAY, TURECKO
VLIV INVESTORA NA REALIZACI A KVALITU
TUNELARSKYCH STAVEB

TUNNEL P3 ON TAG MOTORWAY, TURKEY
IMPORTANCE OF CLIENT’S DECISIONS
FOR THE QUALITY OF TUNNELLING PROJECTS

ING. MARTIN SRB, D2 CONSULT PRAGUE, S. R. O.

Autor ¢lanku je vedoucim projektantem Tuneltl P3 a P4 na TAG Motorway rea-
lizovanych v letech 1990 - 1999. O projektu bylo informovéno napt. v T&T Middle
East Issue, Spring 1994.

ZAKLADNI UDAJE O ROZVOJI DALNIEN SITE V TURECKU
A O TUNELECH NA TAG MOTORWAY

Koncem osmdesatych let byl v Turecku pfijat ambicidzni program vystavby
dalnic, pocitajici s vystavbou 2000 km ddlnic do roku 2000. Jeho hlavnim cilem
byla transitni daInice spojujici hospodaisky nejvyznaméjsi mésto Istanbul s hlav-
nim méstem Ankarou a pokracujici déle na jih pfes mésto Adana a od néj na
vychod podel Syrskych hranic k Iraku a Iranu. Tato dalnice je soudasti T.E.M.
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Obr. 1

Mapa Turecka, okoli Adany a situace projektu
Map of Turkey, environs of Adana and the lay out of the design

The author of this article is the chief designer of the P3 and P4 tunnels on TAG
Motorway, realized within the years 1990 to 1999. Information about the project
may be found e.g. in T&T Middle East Issue, Spring 1994,

The TAG Motorway in south-eastern Turkey has been planned for completion
by the end of 1999. The most difficult part was the Mudlah Range crossing, inc-
luding several twin 3-lane tunnels. In course of the project, the tunnel P3 had to
be relocated to the opposite side of the valley, due to geometrical problems in the
portal area. The process of the redesign, its final solution and it setbacks (short-
commings), as well as the importance of the Client’s decision on the project qua-
lity is discussed by the tunnel designer.

BASIC DATA CONCERNING THE MOTORWAY NETWORK
IN TURKEY AND TUNNELS ON THE TAG MOTORWAY.

To the end of eighties, there was accepted an ambitious programme for con-
structing motorways in Turkey, viz. 2000 km to the year 2000. The transition
motorway connecting the economically most important town Istanbul to the
Capital Ankara, and going on further to the south through the town Adana and
from there to the east along Syrian frontiers to Iraq and Iran was its main aim.
Said motorway is a part of T.E.M. (Trans European Motorway) which should con-
nect, in the future, Europe to countries of the Middle-East.

In the mostly mountainous Turkey, the motorway construction cannot avoid tun-
nel constructions, and the described tunnels take place on the TAG motorway
(Tarsus - Adana - Gaziantep) belween Adana and Gaziantep (Fig. 1). The Turkish
Department of Public Works and its Management for Motorways in Ankara is the
investor. The structure has been financed by the Turkish government.

For the construction of motorways and motorway tunnels there were accepted
uniform rules and criterions which determine the width arrangement of the motor-
way as 2 x 3 driving lanes in open sections and in tunnels too (fig. 2, 3, 4),
regardless of eventual local differences. The strict observing of said require-
ments resulls, especially in tunnel sections, in high cosls, in a long construction
period and sometimes in a considerable endangering of the proper realization
{e.g. tunnels Bolu on the motorway Istanbul - Ankara, see Felsbau 5/97).

The line TAG Motorway and open sections have been designed by the inter-
national firm T.Y.Lin, tunnel sections by the Austrian Joint Venture consisted of
the firms.: Geoconsult and Mayereder Consult (now D2 Consult). The Turkish-
ltalian partnership of the firms: Tekfen-impresit J.V. is the General Contractor,

The designer of tunnels had the task to elaborale a realization design of four tun-
nels being about 400 m, 700 m, 800 m,and 1200 m long, including a detailed geo-
logical survey, construction documentation, lechnological one, and technical speci-
fications. Direction lines and their elevations were predetermined, and the conne-
ction to the design of open motorway sections was just in the area of tunnel portals.

CONCEPTION OF THE PASSAGE LINE OF THE MUDLAH
MOUNTAIN RIDGE.

The basic conception of the passage through the Mudlah mountain ridge,
about 30 km wide, between the plain near Adana and the plain near Gaziantepu,
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(Trans European Motorway), ktera by méla v budoucnu spojit Evropu se zemé-
mi Stfedniho vychodu.

V pfevainé homatém Turecku se stavba ddlnic nevyhne vystavbé tunell
a popisované tunely se nachazejl na ¢asti délnice TAG (Tarsus-Adana-
Gaziantep) mezi Adanou a Gaziantepem {obr. 1).

Investorem je turecké ministerstvo véfejnych praci a jeho Reditelstvi dalnic
v Ankare. Stavba je financovéna lureckou viadou.

Pro slavbu délnic a délniénich tunell byly prijaty jednotné zasady a kriteria,
ktera uréujf Sifkové usporadani komunikace jako 2 x 3 fizdni pruhy na otevienych
usecich i v tunelech {obr, 2, 3, 4), bez ohledu na moiné mistni odli$nosti. Strikini
dodrZovéni téchto pozadavki vede piedevaim v tunelovych Usecich k vysokym
nakladom, dlouhé dobé vystavby a nékdy i k vaznému ohrozeni samotné reall-
sace (napf. tunely Bolu na délnici Istanbul - Ankara, viz. Felsbau 5/97).

Trasa TAG Motorway a oteviené Useky byly projektovany mezinarodni firmou
T.Y.Lin, tunelové tiseky rakouskym Joint Venture slozenym z firem Geoconsult
a Mayereder Consult (dnes D2 Consult). Generalnim dodavatelem je turecko-
italské spolecenstvi firem Tekfen-Impresit J.V.

Projektant tuneli byl postaven pied tikol vypracoval provadéci projekt 4 tune-
I o délkéch cca 400 m, 700 m, 800 m a 1200 m véetné podrobneho geologic-
keého priizkumu, stavebnl a technologické dokumentace a technickych specifika-
cl. Smérové a vyskavé vedeni tunelt bylo dané a névaznost na projekt otevie-
nych ¢asti dalnice byla bezprostfedné v oblasti portall,

KONCEPCE TRASY PRECHODU HORSKEHO HREBENU
MUDLAH

Zakladni koncepce prechodu cca 30 km §irokého horského hibetu Mudiah
mezi rovinou v okoll Adany a roviriou v okoli Gaziantepu je pozvolné stoupani tra-
Sy (max. 4%) podél stavajici silnice E24 a feky Horu se tiemi kratkymi tunely (<
1000 m) a 1200 m dlouhym vrcholovym tunelem P4, podchazejicim cca 1000
m.n.m. polozeny pas stavajici silnice £24 o pouhyeh 100 m niZze a naslednym
pozvolnym klesanim na vychodni strang hibetu.

Koncepce hlubsiho vrcholového tunelu (o délce 5 - 10 km), ktery by mohl kopl-
rovat trasu Zeleznicniho tunelu, postaveného zaGatkem stoleti, byla odmitnuta
pred vstupem tunelafského konzultanta (projektanta) z divodu rizika provadéni
a véasného dokenteni, déle vysokych provoznich nakladu (predevsim na vétra-
ni) a nedostatku zkusenost se stavbou a provozem dlouhych silniénich tunelt.

VYVOJ PROJEKTU TUNELU, ZMENA TRASY TUNELU P3

Dle zadani investora byl vypracovan provadéci projekt stavebni ¢asti tunelt
P1 - P4 na dané trase a zarover byly vzneseny pfipominky, zaloZzené na vysled-
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Obr. 2
Foto dokoncené délnice
Photo of the completed motorway

cosists of a gentle up-slope of the line (max. 4 %) along the existing road E 24
and the river Horu, with three short tunnels (more than 1000 m), and of the
1200 m long summit tunnel P4, passing under the exisling line of the road E 24,
lying 1000 m over the sea level, only in a 100 m depth, with a gentle down-slo-
pe at the eastern side of the mountain ridge.

A conceplion of a deeper summit tunnef (of the length of five fo ten kilometers)
which would copy the line of the railway tunnel built at the beginning of the cen-
tury, was rejected before the tunnelling consultant (designer) was invited to coo-
peration, viz. due to the risk of the realization and completion in time, as welf as
due to high operational costs {particularly for ventilation) and a lack of experien-
ce concerming the construction and operation of long road tunnels,

DEVELOPMENT OF TUNNEL DESIGNS, THE CHANGE
OF THE TUNNEL LINE P3

According to the investor's order, the realization design of the construction
section concerning the tunnels P1 to P4 on said fine was elaborated, and simul-
taneously there were made objections based on results of the detailed geologi-
cal survey, as to the place of the P3 Kizlac tunnel, the western portal of which
and the cut off in front of the portal was situated in an active landslide area being
20 to 30 m thick and 200 m long (within the competence of the motorway desig-
ner). More over, the line in front of the western portal passed just through the
centre of the Kizlac village, and the tunnel situated in the northern part of the
Horu river valley required two bridges over the valley, because the remaining part
of the line took place in the southern part of the valley.

With respect to the tunnel designer's objections, the investor decided to per-
form an additional geological surve y in the southern part of the valley and to ela-
borate studies concerning an alternative line in this part (Fig. 5). The tunnel
designer presented several allernatives concerning comparisons of quantity of
works, of cost estimates and an analysis of risks. As the fundamental technical
problem there was identified the passage under active landslide zones, determi-
nation of their depths and the situation of the line in a sufficiently stable rock mas-
sif. The motorway designer presented its own variant of two shorter tunnels, and
the investor, after long negotiations, decided for a compromising solution to be
carried oul, which proposed the construction of two tunnels (P3A and P3B),
being 1200 m and 1600 m long, under the southem side of the valley, separated
one from the other by means of a 100 m long open cut made in a transversal val-
ley (Fig. 6).

Said open cut, called for working purposes as the “Open Box Cut", would ena-
ble a natural ventilation of opposite both tunnel portals (savings of power for ven-
tilation), would keep a uniform cross section of all tunnels, would keep a uniform
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cich podrobného geologického priizkumu, k umisténi tunelu P3 Kizlac, jehoz
zépadni portal a predportalovy zafez zasahoval do aktivniho sesuvného Gzemi
o mocnosti 20 - 30 m v délce 200 m (v kompetenci projektanta déinice). Kromé
toho trasa pfed zapadnim portdlem probihala presné pres stfed vesnice Kizlac
a tunel poloZeny na severni strané Udoli feky Horu vyZadoval dvé pfemosténi
tdoli, nebot’ zbytek trasy se nachazel na jizni strané Udoli.

Na zakladé pfipominek projektanta tunelll se investor rozhodl provést doda-
tecny geologicky priizkum na jizni strané ddoli a vypracovat studie alternativniho
veden trasy na této strané (obr. 5). Projektant tunelt predloZil nékolik alternativ
zahrnujicich srovnani objemd praci, odhady nakladt a rizikovou analyzu. Jako
zésadni technicky problém bylo identifikovano podchézeni akfivnich sesuvnych
z6n, urgeni jejich hloubek a vedeni trasy v dostate¢né stabilnim horninovém
masivu. Projektant dalnice pfedloZil svoji vlastni variantu dvou kratsich tuneld
a investor se po zdlouhavych jednanich rozhodl pro kompromisni fedeni, které
uvazovalo stavbu dvou tunell (P3A a P3B) o délkach 1200 m a 1600 m, pod jiz-
ni stranou Udoli, oddélénych od sebe zéfezem o délce 100 m umélé vybudova-
nym v pfiéném udoli (obr. 6).

Tento zafez, nazyvany pracovné "Open Box Cut" by umozfioval pfirozené
odvétrani protilehlych portald obou tunelli (Uspora energie za vétrani), zachova-
ni jednotneho pfiéného fezu vSech tuneld, zachovani jednotného systému podél-
neho vétrani a omezeni délky tunelu na miru pfijatelnou (psychologicky) pro
investora. Technicky tento zafez o velikosti 100 x 300 m, vybudovany v pFiéném
udoli, znamenal cca 600.000 m3 vyrubu pfevazné skainiho materidlu (kfemicité
piskovee a siltovce), pfes 3.000 ks piedpjatych trvalych kotev zajistujicich témér
svislé (1H:5V) svahy o max. vySce 70 m v seismicky aktivni oblasti a obtizné pie-
vededeni malé ficky protékajici udolim,

Po vypracovani provadéciho projektu, ze kterého byla ziejma technicka obtiz-
nost provadéni, stejné jako ¢asova i finanéni naroénost, investor uznal nevhod-
nost tohoto feseni a vyslovil souhlas s realizaci dlouhého tunelu (2.800 m), vznik-
Iého spojenim tunell P3A a P3B. V & dobé uz razby z obou vnéjSich portald
tunelt P3A a P3B pokrodily tak daleko, Ze nebylo mozné ménit ani trasu, ani
piény fez tuneld, pro které bylo nyni nutné zajistit dostatetné vétrani pfi dvojna-
sobné délce.

TECHNICKE RESENi NOVEHO TUNELU P3

Vynucenym feSenim je zachovani podéiného ventilaéniho systému, rozdéle-
ného v misté plivodné planovaného zafezu, kde pomoci vétraci achty (pro jizni
tunelovou rouru) a vétraciho tunelu (pro severni tunelovou rouru) je odsavan
znedidtény a nasavan Cerstvy vzduch. Vétraci tunel byl déle vyuZit jako pfistupo-
vy tunel pro zahajeni protirazeb obou tuneltl (P3A a P3B). Profily tuneld jsou
v mistech napojeni na vétraci tunel, resp. vétraci Sachtu zvétSeny na cca 200 m?
a z/do prostoru nad vybudovanym mezistropem je vzduch vhanen/odsavan

Obr. 3
Pohled na portaly tunelu P4, v pozadi vichol hiebenu
View to portals of the Tunnel P4, the top of the mountain ridge forms the background.

system of longitudinal ventilation and limit the tunnel length to a dimension
acceptable (psychologically) for the investor. As to the technical point of view,
said open cut of dimensions 100 x 300 m, made in the transverse valley, repre-
sented about 600 000 cub.m of mined material mostly rocky one (siliceous sand-
stones and silts), over 3 000 pieces of prestressed permanent anchors securing
nearly vertical slopes (1H: 5V) max. 70 m high, in a seismicly active area, and a
difficult relocation of the small river running through the valley.

The realization design, from which both technical realization difficulties and its
exacting and financial character were evident, having been elaborated, the
investor admitted this solution as inconvenient and approved the realization of
the long tunnel (2 800 m), arosen by connecting the tunnels P3A and P3B. At
that time works in both outside tunnels P3A and P3B went on in such extent that
it was impossible to change neither the line nor the cross section of the funnels
for which it was now necessary to ensure a sufficient ventilation in the length
being twice so long.

TECHNICAL SOLUTION OF THE NEW TUNNEL P3

The enforced solution resides in keeping the longitudinal ventilation system,
divided in the place of the originally planned open cut, where, by means of a ven-
tilation shaft (for the southern tunnel tube) and of a ventilation tunnel (for the nort-
hern tunnel tube), polluted air is exhausted and fresh air i sucked. The ventilati-
on tunnel was also applied as an access tunnel for starting counter driving of
both tunnels (P3A and P3B). The tunnel profiles are enlarged in places designed
for connection to the ventilation tunnels, eventually to the ventilation shaft, to
about 200 square meters, and air is exhausted/sucked out of and to the space
over the made intermediate ceiling (Fig. 7). On the ground over the shaft and at
the portal of the ventilation tunnef there are designed ventilation units provided
with longitudinal reverse fans, having their diameters equal to 8 m, ev. 7 m (1),
and with respective exhaust rooms and suction ones. Total maximum power con-
sumption of the ventilation system of the Tunnel P3 is 7 MW.

COMPARISON OF THE REALIZED TUNNEL WITH ORIGINAL
INTENTIONS OF THE INVESTOR AND DESIGNER.

The designed and today nearly completed solution (the last driving-through in
July 1998) of the tunnel P3 has some defects arisen before and during the pre-
paration and realization of the design. A considerable portion of the troubles was
caused by the investor, particularly by determining requirements which were not
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(obr. 7). Na povrchu nad $achtou a u portaiu vétraciho tunelu jsou navrzeny ven-
tilatorovny s podélnymi reverznimi ventilétory o priméru 8 m resp. 7 m (!) a pii-
slunymi vydechovymi a nadechovymi objekty. Celkova max. spotfeba ventila¢-
niho systému Tunelu P3 je 7 MW.

Tésnéni

_Vnéjsi osténi
Vnitfni osténi Initial lining
Final lining

Zakladova patka
Foundation beam

Obr. 4
Typicky pficny fez tunelu
Standard cross section for the tunnels with 3 lanes

~Sesuvna uzemi
Landslide area

Vesnice Kizlac
Kizlac Vilage

Tunel P2 ;
Tunnel P2 P , HE
Umélé rozdéleni tunell zafezem !

(nerealizovano)
Artificial division of tunnel by open cut (not realized)

Obr. 5
Schéma nové trasy tunelu P3
Diagram of the new line of the tunnel P3

Zarez
Open cut

870 m
v

Obr. 6
Schéma otevieného zafezu
Diagram of the open cut

based technically and economically and which were changed in the course of the
design realization. I shall try to show the original investor’s requirements and the-
Ir reasoning, Ideas and proposals of the designer and at last properties of the

realized structure.

REQUIREMENTS
OF THE INVESTOR
(at the beginning of the project)

PROPOSALS
OF THE DESIGNER
(at the beginning of the project)

THE REALIZED
SOLUTION

1. short tunnels, max.
length: 1.500 m

(o decrease risks for mis-
sing the building period, the
safety in the tunnel, a uni-
form ventilation system,
psychological obstacles)

1. a longer tunnel as
deep as possible under
known and eventual
landslide areas, ie. as
far as possible from the
valley, and the corres-
ponding length

(to decrease tunnelling
risks, to diminish problems
concerning the passage
through landslide areas by
means of an open line)

1. the relatively long
tunnel (2 800 m) in the
line designed for two
shorter tunnels divided
by means of an artificial
open cut

(two caved grounds in the
tunnel P3A caused by a
sudden worsening of geo-
logical  conditions near
landslide areas proved that
the proposal of the desig-
ner to situate the funnel
deeper into the mountain
were correct)

2. dividing of tunnels by
an artificial cut off for
ventilation

2. to cancel the open
cut for ventilation, one
longer tunnel instead of
two ones in a line more
safe from the tunnelling
point of view

2. the realization of the
open cut was withd-
rawn, after the realizati-
on documentation had
been elaborated

3. a uniform cross secti-

on profile
(advantages during the
realization,  economical

points of view)

3. a cross section more
corresponding with ven-
tilation requirements
(the ventilation system deri-
ved from the optimum rela-
tion of building costs and
operational ones)

3. the already driven
cross profile was kept in
the most part of the tun-
nel length, in the spot of
exhausting there are
atypical profiles + the
ventilation tunnel and
shaft

(adaptations for ventilation
very exacling from the buil-
ding point of view and from
the operational one as well)

4. economical operation
(of ventilation)

4. comparison of venti-
lation costs for various
sizes of an open and
without an open cut with
one joined tunnel

(no comparison with an
other ventilation system,
€.X. ¢cross one)

4. maximum power con-
sumption for ventilation
amounts to 7 MW

When analyzing the problem in details, it is evident that the resulting solution,
arisen by a gradual development of the design, and changes of the order, com-
bined drawbacks of both conceptions. The long tunne! does not utilize the pos-
sibifity of a better line, because its realization was decided only in the course of
construction. The same reasons caused that the eross section could not be also
changed, and the applied ventilation system (divided longitudinal ventifation)
represents only an auxiliary solution arisen in time when a considerable part of
the tunnel had been constructed.

A compromise line and solution, caused by conception decisions of the inves-
tor, were the cause of problems in the course of construction and as well as the
cause of the construction delay. The price for the realized auxiliary ventilation
system shall be paid by users of the motorway, (eventually by taxpayers) during
the whole service life of the motorway.

THE INVESTOR'’S INFLUENCE TO THE RESULTING
QUALITY OF THE TUNNELLING WORK.

Itis an optimistic finding out that the up-to-date tunnelling methods are able to
solve not only problems formed by the nature, but also such ones which were
done by building engineers, let it be on the part of designers, contractors, or in
this case on the part of the investor. The price for such problems is, of course,
not low in this branch, where so far prevall state financial means, and they must
be paid by laxpayers. It depends above all on inveslors, that they may fry to uti-
lize public financial means more for removing impediments caused by nature,
and less for overcoming problems caused by an incorrect work of engingering
workers. It is a difficult task, because there are many influences and interests in
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SROVNANI REALIZOVANEHO TUNELU S PUVODNIMI
ZAMERY INVESTORA A PROJEKTANTA

Navrzené a dnes jiz téméf provedené feseni (posledni prorazka v Cervenci
1998) tunelu P3 je zatizeno vadami, které vznikly pfed a v prdbéhu pfipravy a rea-
lizace projektu. Podstatnou mérou k nim pfispél investor, pfedevsim formulovanim
technicky i ekonomicky nepodloZenych pozadavkd, které se ménily v pribéhu pro-
jektu. Pokusim se demonstrovat po¢ateéni pozadavky investora a jejich od(ivod-

néni, pfedstavy a navrhy projektanta a kone¢né vlastnosti realizovaného dila.

POZADAVKY
INVESTORA
(na pocatku projektu)

NAVRHY
PROJEKTANTA
(na pocatku projektu)

REALIZOVANE
RESEN

kratke tunely, maximalni
délka do 1.500 m
(snizeni rizik nedodrZeni

termin(, bezpeénost v
tunelu, jednotny systém
vétrani, psychologické
zabrany)

delsi tunel co nejhlou-

béji pod znamymi i

potencialnimi sesuv-

nymi oblastmi, t.j. co

nejdale od  adoli

a tomu odpovidajici

délka

(snizeni tunelafskych rizik,
zmen$eni problém0 pfe-
chodu sesuvnych oblasti
otevfenou trasou)

relativné dlouhy tunel
(2.800 m) v trase navr-
zené pro 2 krat$i tunely
rozdéléné umélym
zéfezem

(2 zavaly v tunelu P3A zp(-
sobené nahlym zhordenim
geologickych podminek v
blizkosti sesuvnych oblasli
potvrdily spravnost snahy
projektanta o posunuti
tunelu hloubéji do hory)

rozdéléni tunelt umé-
lym zafezem pro vétrani

zrueni zafezu pro
vétrani, jeden delsi
tunel misto dvou v
tunelafsky bezpectnéj-
§i trase

po vypracovani prova-
déci dokumentace zafe-
zu od realizace upusté-
no

jednotny pficny profil
(vyhody pfi provadéni, eko-
nomika)

pficny profil odpovida-
jici pozadavkiim na
vétrani

(systém vétrani odvozen
z optimalniho poméru
stavebnich a provoznich
nakladd)

jiz razeny pficny profil
zachovan ve vétsiné
délky, v misté odvétrani
atypické profily + vétraci
tunel a Sachta

{velmi naroéné Upravy pro
vétrani - stavebné i provoz-

ne)

levny provoz (vétrani) srovnavany naklady
na vétrani pro rlizné
velikosti zafezu a bez
zafezu se spojenym
tunelem

(nesrovnavano s jinym
systémem vétrani, napf.
pfignym})

max. spotfeba energie
na vétrani 7MW

Pfi podrobném pohledu na problém je ziejmé, ze vysledné FeSeni, vzniklé
postupnym vyvojem projektu a zménami zadani, v sobé spojuje nevyhody obou
koncepci. Dlouhy tunel nevyuzivd moznosti lepsi trasy, protoze o jeho realizaci
se rozhodlo az v procesu vystavby. Ze stejnych divodd nemohl byt zménén ani
pficny profil a pouZity ventilaéni systém (rozdéiéné podéiné vétrani) je nouzovym
feSenim vzniklym v dobé, kdy uz velkd ¢ast tunelu byla postavena.

Kompromisni trasa a fedeni, zpsobené koncepénimi rozhodnutimi investora,
byly pfi¢inou problém( béhém vystavby a zdrzeni stavby. Cenu za nouzové rea-
lizovany vétraci systém budou platit uZivatelé placené dalnice (pfipadné danovi
poplatnici) po celou dobu jeji Zivotnosti.

VLIV INVESTORA NA VYSLEDNOU KVALITU
TUNELARSKEHO DILA

Optimistickym zji§ténim je fakt, ze moderni tuneldfstvi je ¢asto schopno fesit
nejen problémy stavéné pfed néj samotnou pfirodou, ale i ty, které si jako sta-
vebni inZenyfi, at' uz na strané projektantské, dodavatelské, nebo v tomto pfipa-
dé investorské pridélavame sami. Cena za to neni oviem mald a v odvétvi, ve
kterém zatim pfevazuji investice statni, je placena danovymi poplatniky. Je pie-
dev$im na investorech, aby se snazili svéfené vefejné prostiedky vyuZzivat vice
na zdolavani nastrah, které nam pfipravila pfiroda, a méné na pfekonavani pro-
bléma, které jsou zplsobeny nespravnym inzenyrskym pfistupem. Ukol je to t&2-
ky uz tim, Ze mnozstvi vliva a zajmU pii realizaci ndroénych tunelarskych staveb
je velké a Easto vlastni technické feseni a jeho ekonomickd ndroénost nejsou
povazovéany za prvofady problém.

Na zavér si dovoluji vyslovit nazor, Ze celkovou uroven tunelaiského dila, jeho
vhodnost, pfiméfenost a efektivnost ovliviiuje pfedevsim investor. Jeho kompe-
tentnost je nutnou podminkou kvalitnino feseni a nemtiize byt nahrazena ani pro-
jektantem, ani dodavatelem. Sebelepsi technicka fedeni detaildl provadéni, o kte-
rych v pfipadé tuneld TAG Motorway v tomto ¢lanku nezminuiji, nemohou odstra-
nit koncepéni nedostatky, mohou pouze pomoci stavebni dilo realizovat, bohuzel
vzdy za vynaloZeni neimérmych prostiedk.

the course of realization of exacting tunnelling structures, and often the proper
technical solution and its economically exacting character are not considered as
the first-rate problem.

At the end, allow me, please, to express my opinion, that the total level of the
tunnelling work, its suitability, reasonability and effectiveness is influenced abo-
ve all by the investor. Its qualification is a necessary precondition of a quality
solution and it cannot be replaced neither by the designer nor by the contractor.
The best lechnical solutions of realization details, which, as to the TAG Motorway
tunnels, are not mentioned in this article as to tunnels, cannot remove concepti-
on drawbacks. They can only help to realize the construction work, but sorry to
state, always disproportionate financial means must be spent unnecessarily.

Podélny fez levou tunelovou troubou
Longitudinal section of LCWY

Podélny fez pravou tunelovou troubou
Longitudinal section of RCWY B

Pricny fez
Transversal section

 Leva lnelova trouba Prava
tunelova trauba:

L right camiageway

left camagaway.

Obr. 7 |
Schéma ventilaéniho systému v tunelu P3
Diagram of the ventilation system of the tunnel P3
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ZE SVETA PODZEMNICH STAVEB

WORLD OF UNDERGROUND CONSTRUCTIONS

POZNATKY Z EXKURZE NA STAVBU SILNICNIiHO
TUNELU POD OSLOFJORDEM U DROBAKU.

V ramci svétového tunelaiského kongresu ITA/AITES, ktery se konal v hiav-
nim mésté Norska ve dnech 29.5.99 aZ 3.6.99, nabidli organizatofi jednodenni
exkurzi na stavbu silnicniho tunelu pod Oslofjordem. Budovany podmofsky tunel
se nachazi asi 30 km jizné od Oslo a je soucasti vystavby tiseku rychlostni komu-
nikace délky 26,5 km. Divodti pro tuto stavbu je nékolik. Pfedevaim jde o snize-
nil dopravni zatéZe v hlavnim mésté Oslo, protoZe stavbou dojde k propojeni
evropske silnice E 6, ktera leZi na vychod do Oslofjordu a pfivadi dopravu z kon-
tinentu pfes Svédsko do Oslo, a silnice E 18, ktera pokraduje z Oslo zapadnim
smérem. Navic se odstrani nizkd kapacita pfivozu pfes Oslofjord u Drobaku
a oteviou se oblasti jizné od Oslo pro rozvoj primyslu a bydleni.

Zminény 26,5 km dlouhy Gsek zahrnuje 6 most( a stejny pocet tunel (jejich
délky od nejkratsiho tunelu jsou: 380 m, 365 m, 605 m, 1575 m, 2645 m a nejdel-
§i je pravé tunel pod Oslofjordem s délkou 7 230 m). Obecné je stavba soucasti
snahy zlep§it dopravni podminky na jiznim a zapadnim pobfezi Norska, které je
velmi Clenité | hornaté a hluboko do vnitrozemi je narueno fjordy. Plynulosti
dopravy nepfispiva mnoZstvi trajektil a proto Norové buduiji pod fiordy tunely, kte-
ré jsou ¢asto 100 i vice metrd pod vodni hladinou.

Tunel pod Oslofjordem u méstecka Drobak mé nejhlubs misto pod hladinou
fjordu 130 m, klesani a stoupani je 7 procent. Bude vybaven tfemi jizdnimi prihy
po 3 m, celkova sifka hotového dila v drovni vozovky je 11,0 m. Teoreticka plo-
cha vyrubu je 78 m® (viz obr. ¢. 1),

Podle prizkumu razba probihala v rulovém masivu s polohami amfybolitu
a postupné presla do masivu Zulového. Rozhrani mezi sedimenty ledovcového
plivodu na dné fiordu a skalnim podioZim se stanovilo geofyzikalnimi metodami.
Na zakladé poznatkl z prizkumu se urgila mocnost ochranného skalniho masi-
vu nad tunelem na 35 m a vedeni trasy tunelu (viz. obr. & 2).

Razeni probihalo celym profilem, metodou drill and blast, pfi typickém zabéru
se vrtalo 120 vrtii délky 5 m, bylo pouZito cca 700 kg emulsni trhaviny a vyveze-
no 400 m® rubaniny. Pro zamezeni pfitoku vody do tunelu se provadéla cemen-
tovd tésnici injektaz. Bezpeénost razby se zajistovala prizkumnymi predvrty dél-
ky 30 m.

Jednoho dne, prakticky v nejhlubSim misté, nahle z téchto pfedvrd vylryskia
voda pod tlakem 13 atmosfer. To znamenalo, Ze se narazilo na poruchu, kterd
byla zcela propojena s vodou ve fjordu. Dalsimy vty se zjistilo, Ze jde o asi
15 m Sirokou poruchovou zénu vyplnénou propustnym nesoudrznym materia-
lem. Odbocenim z hlavniho tunelu se vyrazil obchvatny tunel (by-pass), aby se
dopravné propajily obé ¢elby (viz. obr. €. 3). Pricny profil hlavniho tunelu se zvét-
§il, provedly se vrty, do kterych se osadily trubky, v podzemi se vybudovala chla-
direnska stanice a po étyfi mésice probiha nyni zmrazovani masivu tekutym dusi-
kem. Pak pod ochranou zmrazeného mezikruzi bude provedena proraZka (raZe-
ny profil 130 m) a vybudovano definitivni betonové osténi o sile stény 1,0 a2
1,2 m (viz. obr. €. 4). Do obchvatného tunelu (by-passu), ktery podchazi viastni
silniénf tunel, se nasledné nainstaluje Gerpaci stanice a nebude se tak razit
pivodné planovany boéni tunel pro jeji umisténi.

V dalSich Castech tunelu probiha budovani definitivni obezdivky, kterou tvori
svorniky, sit' a stiikany beton. Pak je na stiikany beton pfipevnéna hydroizolace
z desek z napénéneho polyetylenu, které soucasné vytvareji i tepelnou protipo-
Zami izolaci chranicf stfikany beton definitivniho osténi. Na desky piipevnéné
pomoci hmozdinek se nainstaluje ocelova sit' a provede se zavérecna vrstva stii-
kaného betonu jako vnitini lic pfistropi tunelu. Na bocich je lic definitivniho osté-
ni tvofen Zelezobetonovymi prefabrikaty pfipevnénymi opét pomoci hmozdinek,
polyetylenové pénové desky jsou zatazeny za tyto prefabrikty pouze v jejich
homi asti (viz obr. &. 1).

Ucastnici exkurze projeli tunelem autobusy, kieré se .protahly” i by-passem,
a pii zastavkach méli moznost si prohlédnout misto, kde je mrazic! zafizeni
a provadi se zmrazovani &elby. Druha zastévka byla v misté budovani definitivni
obezdivky (viz obr. €. 5). Hlavnim privodcem a organizatorkou byla mlada pani
inzenyrka ze spravy norkych komunikaci, které se slusi nejen podskovat, ale
popfat i mnoho Stésti, nebot’ Ucastniky provazela ve vysokém stadiu t&hotenstvi.
Exkurze byla jisté ukazkou vyspélosti i vykonnosti norského tunelaistvi,

KNOWLEDGE FROM THE FIELD TRIP TO THE ROAD
TUNNEL UNDER OSLOFJORD NEAR DROBAK

Within the World Tunnelling Congress ITA/AITES, which took place in the
Norwegian capital from May 29, 1999, up to June 3, 1999, the organizers offe-
red one aay field trip to the construction site of a road tunnel under Osfiord. The
constructed undersea tunnel is about 30 km south of Oslo and it is a part of the
construction of the section of a highway, being 26.5 km long. There were seve-
ral reasons for the said construction. In the first place, it is the aim to decrease
the traffic density in the Capital Oslo, because this structure will interconnect the
European highway E 6 which lies east of Oslofjord and leads the traffic from the
continent through Sweden to Oslo, and the highway E 18 which continues from
Oslo westward. More over, the said structure will complete the low capacity of the
ferry over Oslofjord near Drobak, and areas south of Oslo will be more acces-
sible for developing industry and dwelling.

The mentioned length of 26.5 km, comprises 6 bridges and the same number
of tunnels, the lengths of which are 380 m, 365 m, 605 m, 1 575 m, 2 645 m, and
the longest one is just that one under Oslofjord being 7 230 m long. Generally,
the construction is a part of the effort to improve transport conditions on the sout-
hern and western coast of Norway which is very broken and mountainous, and
many fjords are going deep into inland. The smooth traffic is negatively affected
by many ferries, and that is why Norwegians construct tunnels under fiords which
are offen situated 100 and more metres under the water level.

The tunnel under the Oslofjord near the town Drobak has its deepest piace
130 m under the water level of the fiord, its upgrades and downgrades are of 7
per cent. It will be provided with three lanes, each of them being 3 m wide. Total
width of the completed work in the level of the roadway is 11 m. The theoretic
excavalion area is equal to 78 sq.m (see Fig. No. 1).

According to the survey, the excavation was made in a gneiss massif with
some positions of amphybolite and gradually the massif became a granitic one.
The interface between sediments of glacier origin on the ford bottom and the
bedrock was found out by means of geophysical methods. On the basis of know-
ledge gained during the survey, it was found out that the protective rock massif
over the tunnel is 35 m thick (see Fig. No. 2), and the alignment of the tunnel was
designed.

The excavation was carried out in the full profile by the drill and blast method.
At a standard advance, 120 bores being 5 m long were bored, about 700 kg of
an explosive emulsion was applied and 400 cub.m of muck were removed. To
protect the tunnel against flowing water, a cementitious seal grouting was made.
The safety of excavation was secured by means of 30 m long exploratory pre-
bores.

One day, in fact in the deepest place, suddenly water spurted out from the said
prebores under the overpressure of 13 atmospheres. It was evident that the
bores reached a rock fault fully connected to water of the fjord. By carrying out
further bores, it was found out that it concerns a fault zone, about I5 m wide, fil-
led with a permeable cohesionless material. A by-pass tunnel was driven from
the main tunnel, for the transport on both faces to be connected (see Figure No.
3). The cross section of the main tunnel was enlarged, bores, into which pipes
were inserted, were made, a freezing station was built in the underground, and
now the massif is being frozen for four months by means of liquid nitrogen. The
breakthrough (excavated profile of 130 sq.m) was carried out under the protecti-
on of a frozen ring, and a final concrete lining of the wall thickness 1.0 to 1.2
m was made (see Fig. No. 4). A pumping station will be installed in the by-pass
tunnel which undergoes the road tunnel proper, and that is why it is not neces-
sary to drive an originally planned side tunnel for placing the said pumping stati-
on.

In further parts of the tunnel there continues the construction of the final lining
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Obr. 2
Situace tunelu pod Oslofjordem
Layout of the tunnel under Oslofiord

Pivodn( tunel pro éempaci stanici
bude pfemistnéna do By-passu
Pumping magazine to be replaced
by the Bypass tunnel

Tunel pod Oslofjordem
The Oslofjord tunnel

Porucha
Weakness zone

By-pass tunel
The Bypass tunnel

Obr. 3
Obchvatny tunel By-pass
By-pass tunnel near the fault zone

which consists of rock bolts, a welded mesh and shotcrete. On the shotcrete,
hydroinsulation made of foamed polyethylene plates is fixed, which also form
a thermal and fire insulation protecting shotcrete of the final lining. Onto plates
fixed by means of dowels, there is installed a steel net, and the final layer of
shotcrete is carried out as the internal face of the arch area. Prefabricated rein-
forced concrete elements, fixed also by dowels, form the final line face on sides.
The polyethylene foam plates are slid behind the said prefabricated elements
only in their upper part (see Fig. No. 1).

Participants of the field trip passed through the tunnel in busses which passed
even the by-pass tunnel, and during stops they had the occasion to see the pla-
ce where the freezing equipment is installed and the freezing of the face is car-
ried out. The second stop was in the place of the final lining (see Fig. No. 5).

A young lady, technician from the Norwegian Road Administration, was the
guide and organizer of the excursion. It is necessary not only to thank her, but
also to wish her good luck, because she accompanied the participants, being
highly pregnant. This excursion was a show piece of the high maturity and effici-
ency of the Norwegian tunnelling.

Teoreticka plocha vyrubu 130 m?
Theoretical excavated crossection 130 m®

Betonové osténi
Concrete lining

Zpétny zasyp rubaninou
Backfilled with
excavated rock

BéZny dopravni pficny fez (78 m?)
Standart traffic cross section (78m°)

Obr. 4
Betonové osténi ve zmracovanémé zoné
Conrete lining in the frozen zone

Obr. 5

Pfichyceni sité a desek z pénového polyetylenu
Fixing of a mesh and plates made of foam polyethylene
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ZPRAVY Z TUNELARSKYCH KONFERENCI

NEWS FROM TUNNELLING CONFERENCES

SLAVNOSTNI SHROMAZDEN{ U PRILEZITOSTI
25. VYROCI ZALOZENI ITA/AITES - OSLO 1999

Mezinarodni lunelafska asociace si pfipomnéla své 25. Jubileum ve spojitosti se Svétovym tune-
lafskym kongresem '99, ktery pofadala Norska tunelaska spoleénost NFF v Oslo od 29. kvétna
do 2. dervna t.r. Slavnostniho shromazdéni ITA/AITES se zacastnili reprezentanti, delegati, pozo-
rovatelé a &lenové pracovnich skupin ze 40 z 47 ¢lenskych zemi asociace.

PRITOMNE CLENSKE ZEME

Jihoafrické republika, AlZirsko, Némecko, Austrdlie, Rakousko, Belgie, Brazilie, Bulharsko,
Kanada, Cina, Kolumbie, Korea, Dénsko, Egypt, Spanélsko, USA, Finsko, Francie, Recko,
Madarsko, Indie, Island, Itdlie, Japonsko, Lesotho, Mexico, Norsko, Nizozemsko, Polsko,
Portugalsko, Rumunsko, Velka Britanie, Rusko, Singapur, Slovinskoa, Slovensko, Svédsko, Svy-
carsko, Ceska republika, Turecko.

NEZUCASTNILY SE

Saudska Arabie, fran, Marokoo, Novy Zéland, Thajsko, Ukrajina, Venezuela.

CLENSKA ZAKLADNA

Asociace zaregistrovala tfi nové clenské zemé (fran, Singapur, Ukrajinu) a 27 novych piidruze-
nych &lend (9 kolektivnich a 18 individuainich). Tim vzrostly celkové poéty i pfi odpoétu resignaci
na 47 narodnich a 271 pfidruzenych Elent (85 kolektivnich a 186 individudlnich).

SLOZENi NOVEHO VYKONNEHO VYBORU (EC):

TWENTY FITH ANNUAL MEETING - OSLO 1999
25th ANNI

The International Tunnelling Association had its twenty fifth anniversary in Oslo from 29 May io
June, in conjunction with the World Tunnel Congress 99 organised by the Norwegian Tunnelling
Society, NFF. The mestings were attended by representatives, delegates, observers and working
group members from 40 of the 47 Member Nations of the Association.

MEMBER NATIONS REPRESENTED

South Africa, Algeria, Germany, Australia, Austria, Belgium, Brazil, Bulgaria, Canada, China,
(People’s Republic of), Colombia, Korea, Denmark, Egypt, Spain, United Slates of America,
Finland, France, Greece, Hungary, India, Islande, Maly, Japan, Lesotho, Mexico, Norway,
Netherlands, Poland, Portugal, Romania, United Kingdom, Russia, Singapore, Slovenia, Slovak
Republic, Sweden, Switzerland, Czech Republic, Turkey.

MEMBER NATIONS NOT REPRESENTED

Saudi Arabia, Iran, Morocco, New Zealand, Thailand, Ukraine, Venezuela.

MEMBERSHIP

The Association has registered the membership of 3 new Member Nations (Iran, Singapore and
Ukraine), 27 new Affiliate Members (9 Corporate Members and 18 Individual Members), taking the
total fo 47 Member Nations and 271 Affiliate Members (85 corporate members and 186 Individual
members) taking into account radiations and resignations.

NEW EXECUTIVE COUNCIL

A. Haack Germany President until 2001, A.M. Muir Wood United Kingdom Honorary President, S. Pelizza Italy Past President until 2001,
J.P. Godard France Vice President until 2001, J. Hess Czech Republic Vice President, until 2001 S. Kuwahara Japan Past Vice President until 2001,
W. De Lathauwer Belgium Past Vice President until 2001, A. Assis Brazil until 2001, K. Sorbraten Norway until 2001 N. Bulycev Russia until 2001 H. Parker USA until 2001, J. Mc Kelvey South
Africa until 2001, F. Vuilleumier Switzerlanduntil 2001, C. Berenguier Secretary General until 2001

PERIODIKA ITA/AITES:

TRIBUNE: Minuly rok vysla 4 zaméfena na Rusko, USA, SRN a Norsko pii primérném nakladu
kolem 3000. Déle vysla dvé specialni &isla, jedno o ponofenych tunelech a jedno k 25. vyroéi
ITA/AITES.

TUST je vydavan jiz étrndcty rok. Trinacty rocnik obsahuje 43 ¢lankd od autord ze 17 zem.
Béhem shromaZdéni ITA/AITES v Oslo se sedla redakéni rada, aby projednala vydavatelské pla-
ny do budoucna.

ITA/AITES NA INTERNETU

Qd lofiského roku ma ITA/AITES vlastni intemetovou stranku a e-mailovou adresu: http://www.ita-
aites. org, e-mail: aites @imaginet.fr. Béhem 6 mésict stranka zaznamenala na 60 000 Uspés-
nych vstupli z 65 zemi, Pfipravuje se forum pro pracovni skupiny (WG) a brzy bude instalovan pe-
hled stranek ¢lenskych zemi.

~OPEN SESSION“ BEHEM KONGRESU

byla vénovana tématu ,Tunelafstvi - jeho minulost, pritomnost a budoucnost* za (gasti prezidentd
ITAMAITES od jejino vzniku: ITA/AITES a jeji odbomy rozmér, Sir Alan Muir Wood, Pléanovani a podzemni
prostor, prof. Hans Christian Fischer, Tuneléfstvi z hlediska investora a uzivatele, prof. Giinter Gimau,
Dalsi pokrok ,uméni mozného®, Jack Lemley, Skalni tunelafstvi, prof. Einar Broch, Zkuenosti kontrak-
taénl a z oblasti financovani, Colin Kirkiand, Tunelafské moznosti ve méstech a pokrok, Prof. Dan
Eizenstein, Dlouhé skalni tunely razené TBM, prof. Sebastiano Pelizza,Polilické a spoleenské aspek-
ty soucasného a budouciho tunelafstvi, prof. Alfred Haack

VZTAHY S OSN

ITMAITES usiluje o aktivni spolupraci s OSN: letos byl uspofadan semindf o stanoveni a melodice
vymezeni naklad( na prekrocent Gibraltarské GZiny. Byl uspofadan dvéma spoleénostmi ze Spanélska
a Maroka za podpory Vykonného vyboru (EC) OSN pro Evropu,

VZTAHY SE ,,SESTERSKYMI ORGANIZACEMI*

ITAV/AITES upeviiuje vynikajici vztahy se svymi ,sesterskymi organizacemi”, zviaété se Svélovou silniéni

asociaci (PIARC), s niz byla utvofena spolecna pracovni skupina pro studium ochrany pfi poZarech silnic-

nich tuneli na téma rizikového managementu pro podzemni dila. Spoleéna pracovni skupina WG ISST

ITA/AITES pro analyzy rizik v tunelafstvi a mikrotuneféfstvi sdruzuje 7 osob ze Sesti zemi, Skupina projed-

nala hlavni cile a cesty postupu béhem piistich mésict. K pfistimu setkani méize dojit v Budapesti tenlo rok

u pifleZitosti NO-Dig 99.

PRISTi SHROMAZDENI

* DURBAN (JAR) od 13.-18. 5. 2000, béhem Svétového lunelaiského kongresu ITA/AITES
,Tunely pod tiakem®,

* MILANO od 10.-13. éervna 2001 béhem Svétového tunelarského kongresu ITA/AITES 2001 ,Pokrok
v tuneldfstvi po roce 2000*, organizovany Halii a Svycarskem

* SYDNEY (Australie), jaro 2002 béhem Svétového tuneléfského kongresu ITAVAITES 2002

Podle tiskového komuniké zpracoval: Ing. Karel Matzner

ITA PERIODICALS

«Tribune»: Last year 4 issues of Tribune have been published including focus on a Russia, USA,
Germany and Norway - the average circulation has been around 3.000 copies per issue. Two spe-
cial issues have been published one on Immersed tunnels and one at the 25th anniversary of ITA.
Tunnelling and Underground Space Technology journal is now in its fourteenth year of publi-
cation. In volume 13, the journal featured 43 papers representing authors from 17 countries.
During the ITA meeting in Oslo, the edilorial board met to discuss plans for future issues.

WEB SITE

The Associalion has got a web site since last year: http://www.ita-aites. org,
e-mail: aites @imaginet.fr. During 6 months the site received 60,000 successfull requests from
65 countries. Forums are being prepared for the Working Groups and links with Member Nation
sites will be installed soon.

ITA OPEN SESSION DURING THE CONGRESS

The open sesssion was devoted to , Tunnelling Past, Present and Future* with the participation of
the ITA Presidents since the beginninig: ITA the Professionnal Dimension, Sir Alan Muir Wood,
Planning and Underground Space, Prof Hans Christian Fischer, Tunnelling from the view point of cli-
ents and operators, Prof Ginter Gimau, Further advancing the ,Art of possible', Jack Lemfey, Rock
tunnelling, Prof Einar Broch, Finance and contracting praclices, Colin Kirkland, Urban tunnelling
challenges and progress, Prof Dan Eisenstein, TBM Bored long rock tunnels, Prof Sebastiano
Pelizza, Political and social aspects of present and future tunnelling, Prof Alfred Haack.

RELATIONS WITH THE UNITED NATIONS

ITA is pursing active co-operation with the United Nations; this year a seminar has been organi-
sed on establishing a methodology to determine the cost of the Gibraltar Strait crossing; It has
been organisedf by the two Societies from Spain and Morocco with the support of the EC for
Europe of the UN.

RELATIONS WITH THE «SISTER ORGANISATIONS»

ITA confirms the excellent relations it has wilh ils «sister organisations», especially World Road
Association (PIARC) with which a joint working group has been formed for the study of protection
in case of fire of road tunnel structures on the theme of risk management of underground works.
The joint WG ISTT-ITA on risk analysis in tunnelling gathered 7 persons from 6 countries; the
group discussed its main objectives and the way to proceed during the next months. Possibly the-
re will be a next meeting in Budapest this year inconnection with No-Dig 99.

NEXT MEETINGS
* Durban (South Africa) from May 13 to 18, 2000, during the ITA-AITES 2000 World Tunnel
Congress «Tunnels under Pressure»
* Milan (ltaly) from June 10 to 13, 2001 during the ITA-AITES 2001, World Tunnel Congress
«Progress in Tunnelling after 2000» organised by Italy and Switzerland
* Sydney (Ausiralia) spring 2002 during the ITA-AITES 2002 World Tunnel Congress
In accordance with the Press Release prepared by: Ing. Karel Matzner
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Z CINNOSTI ODBORNYCH SPOLECNOSTI

ZAINTERESOVANYCH DO PODZEMNICH STAVEB

ACTIVITIES OF PROFESSIONAL CORPORATIONS
INTERESTED IN UNDERGROUND CONSTRUCTIONS

INFORMACE O GEOTECHNICKYCH
DNECH 1999

Ve dnech 10. a 11. kvétna 1999 probéhl jiz 4. ro¢nik odborného seminare a 7. ro¢-
ni PraZské geotechnické pfedndsky, které se pravidelné pofadaji pod nazvem
Geotechnické dny. Tato akce je pofadana akciovou spolecnosti SG - Geotechnika
ve spolupraci s Geotechnickou spoleénosti pfi CSSI. ;

Pro Geotechnické dny 1999 dohodli organizatofi spolu se Stavebni fakultou CYUT
a CAIG vénovat ji pamatce 100. vyroéi narozeni zakladatele inZenyrské geologie pro-
fesora Quido Z&ruby. Bylo zvoleno téma seminafe Sesuvy a inzenyrskogeologické
poméry Prahy. O (¢ast na konaném seminafi byl pozadan Marcel Amould, profesor
pafizské L'Ecole Nationale Supérieure des Mines a destny profesor L'Ecole Nationale
des Ponts et Chaussées, ktery byl po prof. Zarubovi druhym prezidentem mezina-
rodni asociace inzenyrskych geologdl IAEG. K dal$im odbornym pfednédském byli
vyzvani zaci a nasledovnici profesora Quido Zaruby. Promluvil doc. Ing. Michal
Bukovansky, PH.D. o problematice sesuvll v USA, Ing. Vitézslav Herle o Gcelnosti
sanaci sesuvll, doc. RNDr. Jozef Malgot, CSc. o problematice sesuvli pfi inzenyr-
skych stavbach na Slovensku, doc. Ing. Jan Ryba¥, Cc. O novych poznatcich viivu Kli-
matu na vyvoj sesuvd, Ing. Milo§ Stépanek, Ph.D. o rozvoji inZenyrské geologie
v Kanadé a RNDr. Otakar Tesaf, DrSc. o geotechnickych prognézach pfi podzemnich
stavbach v Praze.

Sedmd PraZské geotechnicka pfednaska doc. Ing. Jaroslava Fedy, DrSc. Se zaby-
vala perspektivami strukturni mechaniky zemin.

Pro ¢tendre ¢asopisu TUNEL byla nejblizéi pfednaska RNDr. O, Tesare. Jeho piis-
pévek upozorfiuje na moznosti geotechnického prizkumu pro podzemni stavby
v husté zastavéném Gzemi, na nejéastéjsi chybné interpretace a na pfikladech z rdz-
nych staveb dokumentuje metody a moZnosti geotechnické prognézy.

Vsechny odborné prispévky jsou v publikaci, kterou ve spolupraci s organizatory
vydal CKAIT pod nazvem ,Quido Zaruba - zakladatel ceskoslovenské inZenyrské
geologie".

Doc. Ing. Alexandr Rozsypal, CSc.

INFORMATION ON
GEOTECHNICAL DAYS 1999

On May 10 and 11 1999 there took place already the 4th Professional Seminary and
the 7th meeting named Prague Geotechnical Lectures which are organized regularly
under the name Geotechnical days. This action is organized by the joint-stock com-
pany SG - Geotechnika, in cooperation with the Geotechnical Company at the Czech
Association of Civil Engineers.

The organizers, together with the Faculty of Civil Engineering of the Czech Technical
University and with the Czech Association of Engineering Geologists agreed on the
programme, viz. to devote it to the memory of the 100th birth anniversary of the
founder of engineering geology, Prof. Quido Zaruba. There was chosen the seminary
subject, viz. Landslides and engineering-geological conditions of Prague. Mr. Marcel
Arnould, professor of the Parisian L'Ecole Nationale Supérigure des Mines and the
honorary professor of L'Ecole Nationale des Ponts et Chaussées, who was the second
president of the International Association of Engineering Geologists IAEG after Mr.
Zaruba, was asked for taking part in the meeting. Students and successors of Prof.
Quido Zaruba were invited to perform further professional lectures. Doc. Ing. Michal
Bukovansky, PhD, lectured on problems concerning earth slides in U.S.A., Ing.
Vitézslav Herle on usefulness of landslide-prone slopes rehabilitation, Doc. RNDr. Jozef
Malgot, CSc,. on problems of landslides at engineering constructions in Slovakia, Doc.
Ing. Jan Rybaf, CSc., on new knowledge concerning the climate influence upon the
development of earth landslides, Ing. Milog Stépanek, PhD, on the development of the
engineering geology in Canada, and RNDr. Otakar Tesaf, DrSc. on geotechnical
prognoses conceming underground structures in Prague.

The seventh Prague Geotechnical Lecture of Doc. Ing. Jaroslav Feda, DrSc.,
concerned the perspectives of the field of structural mechanics of soils.

The most interesting lecture for readers of the journal TUNEL, was the lecture of
RNDr. O Tesar. This lecture drew the attention to possibilities of geotechnical surveying
for underground structures in the area of dense housing, to the most frequent incorrect
interpretations, and, by means of examples of various constructions, he described
methods and possibilities of a geotechnical prognosis.

All professional lectures are comprised in a publication which was edited by CKAIT,
in cooperation with the organizers, under the name , Quido Zaruba - the Founder of the
Czechoslovak Engineering Geology."

KALENDARIUM ITA/AITES

CALENDAR ITA/AITES

Dopliky kalendare uvefejnéného v min. Cisle
Supplement of the calendar from the last issue.

28. - 29. 9. 1999, Cesky Krumlov, CR, Konference o bezvykopovych technologiich
{Conference on trenchless technologies Fax: +420 (0) 387 726351

10. - 12. 11. 1999, México D.F., Il Congreso mexicano de ingenieria de tlneles
y obras subterraneas e-mail: fermin@etseccpb.upc.es

11. 11, - 12. 12, 1999, Frankfurt, BRD, Congress Center Messe, STUVA - Tagung '99:
Unteredisches Bauen 2000 Fax: 0049 (0) 221 5979550

27 ~ 30. 3. 2000, Aachen, BRD, 14. Nationales Symposium fur Felsmechanik
u. Tunnelbau

DGGT/ISRM EUROCK 2000 Fax: 0049 (0) 201 782743

4. 5. - 30. 11. 2000, Hamburg, BRD, Dimension der Tiefe, Underground Space
Exhibition

Fax: 0049 40 3569 2240

18. - 19. 5. 2000, Singapore, Asian Conference on Unsaturated Soils UNSAT-AISA
2000 od teorie k praxi/from theory to practice

Fax: 0065 235 3530

26. - 29. 10. 2000, Petrosani, Romania, Underground Construction in the third
Millenium - PETROSANI 2000

Fax: 0040 54 543491 / 546238

19. ~ 24. 11. 2000, Melbourne, Australia, Melbourne Convention Centre, International
Conference on Geotechnical and Geological Engineering

Fax: 003902 4800 8471




Ve

50 8. ROCNIK, ¢&. 3/99

Tunel

ZIVOTNI JUBILEA

LIFE JUBILEES

SEDESATINY
PROF. ING. JIRIHO BARTAKA, Dr.Sc. i

Prof. Bartak patfi k nadim pfednim predstavitelim geotech-
nického oboru, v némz se jeho téméf Etyficetileté pedagogické,
védecké a odborné plsobeni soustfedilo pfedevéim na oblast
podzemniho stavitelstvi.

Prof. Bartak se narodil 13. Cervna 1939 v Praze, v r. 1956
maturoval na gymndziu v Praze-Braniku. Fakultu inZenyrského
stavitelstvi CVUT, obor konstruktivné-dopravni, absolvoval
s vyznamenanim v r. 1961,

Po vzniku katedry geotechniky na Stavebni fakulté CVUT v .
1964 se stal odbornym asistentem u Prof. Ing. Jana Straky, DrSc., pod jehoz
vedenim se fadu let formovaly pedagogické, védecké i praktické znalosti a zku-
Senosti mladého inzenyra.

V roce 1972 obhdjil kandidatskou dizertaéni praci s nazvem ,Statické fedeni
kotveného paZeni hlubokych stavebnich jam“ a v r. 1976 docentskou habilita¢ni
praci na téma ,Metoda koneénych prvkl v geotechnice”. V roce 1977 byl jmeno-
van docentem pro obor zakladani staveb a podzemni stavby na katedfe geo-
techniky FSv.

Védeckou hodnost doktora technickych véd ziskal v r. 1987 po obhéjeni dizer-
tacni prace ,Progresivni postupy navrhovani hloubenych podzemnich staveb®
a v r. 1988 byl jmenovan profesorem pro obor podzemni stavby na stavebni
fakulté CVUT v Praze, V tomto oboru Usp&$né pedagogicky ptisobil a piisobi na
stavebnich fakultach v Praze, Bimé i Bratislavé, stejné tak Siroky okruh zabira i
jeho podil na vychové novych védeckych pracovnikd. K jeho pedagogickému
plsobeni se vaZe spoluautorstvi 12 vysokodkolskych skript s tématikou pod-
zemnich staveb a zakladani staveb.

Prof. Bartak projevoval vidy mimofadné zaujeti pro feseni obtiznych dkoll
vyskytujicich se ve stavebnf praxi a vzhledem ke svym bohatym zkuenostem je
vyhledévanym expertem pro oblast podzemnich staveb. Zpracoval stovky studi,
odbornych posudki a statickych vypoCta pro investorské, projekéni i dodavatel-
ské organizace v CR, v poslednich letech piisobil jako expert na velkjch pod-
zemnich stavbach (stoka ,F* v Praze-Troji, rekonstrukce PVE Stéchovice, tunel
Hfebe¢, podzemni zasobnik plynu Pibram-Haje, tunel Mrazovka).

K vyznamngj$im stavebnim akcim poslednich deseti let, na nichz se prof.
Bartak podilel, patfi napfiklad:

Reseni problematiky vystavby kolektorové sité v Praze (1989), Reseni pro-
blematiky kolektorové sité v Brné (1990-1997), VyuZiti dratkobetonu v podzem-
nim stavitelstvi (1993), Alternativni feeni vystavby $toly pro stoku ,F"-aplikace
NATM (1994), Pasouzeni stability stavebni jamy PVE Stéchovice (1995), Sanace
suterénnich prostor pfesunutého dékanského kostela v Mosté (1996), Posouzeni
havarie vychodniho portalu tunelu Hiebe¢ (1996), Statické fedeni severniho por-
talu tunelu Mrazovka (1997), Prlizkum a sanace téZce havarované kanalizacni
stoky v Praze-Troji (1997), Provedeni a analyza observaénich méfeni na pfesy-
pavaném dopravnim tunelu v lomu Hvizdalka (1998), Statické fegeni obtokové
Stoly vodniho dila Moravka (1998).

K témto a dalSim akcim se vaze pfes 150 publikovanych ¢asopiseckych ¢lan-
ki a pfispévk( ve shornicich védeckych konferenci.

Prof. Barték je autorizovanym inzenyrem pro obor geotechnika a soudnim
znalcem pro obor stavebnictvi, specializace zakladanf staveb a podzemni stav-
by. Je ¢lenem pfedsednictva Ceského komitétu Mezinarodni tunelaiské asocia-
ce a tlenem vyboru Geotechnické spoleénosti Ceského svazu stavebnich inZe-
nyril. V obou téchto organizacich se mj. trvale podili na pfipravé renomovanych
védeckych konferenci PODZEMNI STAVBY PRAHA a ZAKLADANI STAVEB
BRNO, jejichz dlouholety piinos pro Urovedl geotechnického oboru v domacim i
mezindrodnim kontextu je zcela zasadni.

Nelze opominout ani jubilantovu UspéSnou ¢innost v redakéni radé naseho
casopisu. Redakéni rada si velmi vazi jeho obétavé prace a podilu na vysoké
odborné i formalni drovni TUNELU a dovoluje si popfat prof. Bartakovi do dalsich
let pevné zdravi, Zivotni pohodu a neutuchajici zajem o rozvoj geotechnického
oboru, zejména podzemnich staveb,

Redakéni rada ¢asopisu TUNEL

PROF. ING. JIRi BARTAK, DRSC, - SEXAGENARIAN

Prof. Bartdk ranks among our prominent representatives of the
geotechnical line, where his nearly fourty years of pedagogic, scientific
and professional activities have been concentrated in the first place to
the sphere of underground engineering.

Prof. Bartak was born on June 13, 1939 in Prague, in the year 1956 he
passed the school-leaving examination at the Gymnasium in Prague -
Branik. The Faculty of civil engineering (the FSE) of the Czech
Technical University, the Department of structural engineering and tran-
sport structures, he passed with honours, in the year 1961.

After the Department of Geotechnics at the Faculty of Civil Engineering
had been founded in the year 1964, he became senior assistant at Prof.Ing. Jan Straka,
DrSc, under whose management pedagogic, scientific and practical knowledge and
experience of the young engineer were formed and developed.

In the year 1972 he passed the oral of the thesis for achieving the academic degree
“CSc” (corresponding with the English degree PhD), named ‘“Static Solution of an
Anchoring Support in Deep Foundation Pits”, and in the year 1976 he passed the oral of
the thesis for the second doctorate, named “Method of Final Elements in Geotechnics”.
In the year 1977 he was appointed a senior lecturer for the line of foundation of
constructions and underground structures, at the Department of Geotechnics of the FSE.

The scientific degree “Doctor of Technical Sciences” was granted to him in the year
1987 after having passed the oral of the thesis "Progressive Processes for Cut-and-Cover
Underground Structures, and in the year 1988 he was appointed a professor for the line
of underground structures at the Faculty of Civil Engineering of the Czéch Technical
University in Prague. In this line he has provided, and is providing by now, stccessfully
pedagogic activities at faculties of civil engineering in Prague, at Bmo and Bratislava, and
he takes an important part in educating new scientific workers. Among his pedagogic
activities there may be ranked his co-authorship of 12 university lecture notes concerning
problems of underground structures and foundation of structures.

Prof. Bartak was always extraordinarily interested in solving difficult problems appearing
in buitding practice, and with respect to his rich experience, he is much sought expert for the
sphere of underground structures. He elaborated hundreds of studies, expert's opinions and
static calculations for inveslor's, designer's and contractor’s organizations in the Czech
Republic. Within the last years he was working as an expert on large underground structu-
res (sewage ,F" in Prague-Tidja, reconstruction of the pumped storage plant at Stéchovice,
Hrebec tunnel, cavem gas storage in Haje near Piibram, Mrdzovka tunnel).

Among construction actions within the last ten years, in which Prof. Bartdk
participated, there can be ranked e.g.:

Solution of construction problems of the utility tunnel network in Prague (1989),
Solution of construction problems of the utility tunnel network at Bmo (1990-1997), the
solution of steel fibre reinforced concrete in underground engineering (1993), alternative
solution of the shaft construction for the sewer ,F* - application of the NATM (1994),
stability evaluation of the foundation pit of the pumped storage plant at Stéchovice
(1995), rescue of basement spaces of the shifted dean church at Most (1996), brea-
kdown evaluation of the eastemn portal of the Hiebec tunnef (1996), static solution of the
northern portal of the Mrazovka tunnel (1997), survey and rehabilitation of a heavy
broken sewer in Prague-Trdja (1997), performance and analysis of observing
measurements on a transport tunnel in the quarry Hvizdalka (1998), static solution of a
water diversion tunnel of the Moravka waterworks (1998).

To the said further actions there refer more than 150 published journal articles
and fectures in symposia of scientific conferences.

Prof. Bartak became an authorized engineer for the line of geotechnics, specialization:
foundation of constructions and underground structures. He is a member of the Board of
the Czech Committee of the International Tunnelling Association, and the member of the
Committee of the Geotechnical Company of the Czech Federation of Civil Engineers, In
the both said organizations, he takes part permanently in preparations of prestigious
scientific conferences UNDERGROUND STRUCTURES PRAHA, and FOUNDATION
OF STRUCTURES BRNO, the long-term influence on the level of the geotechnical line
in inland context and international one has a fundamental importance.

Of course, not even the successful activity of the celebrated person in the Editors’
Board of our journal may be omitted. The Board of Editors appreciate his devoted work
and his share on the high professional and formal level of TUNEL, and allows to wish
Prof. Barték stable health, good humour and a permanent interest in the development of
the geotechnical line, particularly underground structures.

Board of Editors of the journal TUNEL
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DOC. ING. IVAN KAMENICEK, CSc. -
SEDMDESATNIK

Cerstvy, télesné i dusevng, sedmdesatnik se narodil 14. kvét-
na 1929 jako druhé dité v roding hospodafského spravce velko-
statku v Cechyni u Rousinova. Po zakladni $kole v Novych
Hvézdicich a gymnaziu ve Vyskové absolvoval na YUT Bmo
v roce 1953. Nastoupil zde jako asistent na katedre dopravy,
odkud pfesel na katedru geotechniky, kde pracoval jako odborny
asistent do roku 1979. Soubézné byl zaméstnan ve vedlejsim
pracovnim poméru v Projektovém Ustavu dopravnich a inzenyr-
skych staveb Praha jako samostatny pracovnik pro vyzkum od
roku 1968. V roce 1967 obhajil kandidatskou disertagni praci na
téma ,Teorie a konstrukce inzenyrskych staveb".

Rok 1968 a dal$i Iéta mu zkomplikovaly jeho dalsi odborny rlist na VUT Brno,
takze habilitatni docentskou praci v oboru ,Tunelu a podzemni stavby” mohl
podat a obhajit az v roce 1991. .

V roce 1979 opousti VUT Brno a nastupuje v PUDIS Praha ve funkci vedou-
cih oddéleni vyzkumu a vypodtl se zaméfenim na podzemni stavby. Jako Zak
a pozdéji odborny asistent Prof. Vojtécha Mencla aplikuje jeho teoretické i prak-
tické zavéry a publikuje fadu praci v oboru podzemniho stavitelstvi a geotechni-
ky u nas i v zahranici. Je autorem fady smérnic a norem pro podzemni stavby
a propagatorem ,Nové rakouské tunelovaci metody".

Roku 1991 spoluzaklada spolecnost IKE s.r.o., kde jako 1. zéstupce feditele
a jednatel spolecnosti pracuje dodnes. Je autorizovanym inZzenyrem v oboru
geotechniky a déle rozvijf tuto ¢innost v ramci velkych tunelovych staveb na Uze-
mi Prahy, CR i Slovenska. Vycet jeho praci presahuje moznosti této vzpominky.
Piesto alesport namatkou nutno ohodnotit jeho ¢innost pii stavbé praZzského
metra, Strahovského tunelu i sou¢asné stavéného tunelu Mrazovka. Podili se na
vychové novych geotechnik( jako pravidelny ¢len komise pro statni zavérecné
zkousky na VUT Brno. Jeho Zivotni a pracovni aktivitu mu mlze zavidét i jary
padesatnik. Piejeme jesté mnoho let a dalsich pracovnich Uspéchd.

Ing. Oto Bene$

K SEDMDESATNIKUM SE OD LETOSNIHO ROKU
HLASI | ING. KAREL MATZNER, SEKRETAR CTUK
ITA/AITES A VEDOUCI REDAKTOR CASOPISU
TUNEL.

Narodil se 16. 3. 1929 v Ceskych Budgjovicich. Jako absol-
vent CVUT, fakulty inzenyrského stavitelstvi, oboru hydrotechni-
ky, nastoupil v roce 1953 k Vodnim stavbam na stavbu Vodniho
dila Lipno. Zde dostal svilj tunelaisky kfest a to poznamenalo
celou jeho odbornou stavaiskou dréhu. Byl stavbyvedoucim na
stavbé vtokovych tunelll do tlatnych Sachet, pozdéji jako hlavni
stavbyvedouci dostavél po osmi letech podzemni hydrocentralu
véetné odpadniho tunelu az do uvedeni do provozu a dokoné&eni
celého vodniho dila. Nékolik dalsich let zistaval vérny jihoCeskému kraji. Jako
technicky vedouci stavebni spravy Tabor se podilel na fadé vodohospodaiskych
i pramyslovych staveb, z nichZ nejvyznamnéjsi byly rekonstrukce JihoCeskych
papiren ve Vétini, vystavba zavodu Skoda (dfive ZVIL) a kanalizaéni éistirny
v Ceskych Budgjovicich, vodovodni fady v oblasti Veseli - Sobéslav aj.

Kdyz skongila éra budovani pfehrad, kdy ve funkci hlavniho inzenyra dokongil
Vodni dilo Nechranice, klenbovou hraz na Vrchlici a zemni hraz Vodniho dila
Zelivka, vrétil se roku 1969 opét do podzemi - na stavbu prazského metra od jeji-
ho samého pocatku. Deset let zde pracoval jako vedouci odboru realizace a dal-
Sich deset let jako technicky asistent generalniho feditele Metrostavu. PCsobil
jako odborny poradce pfi nataceni nékolika technickych i popularnich filmé
o metru a publikoval o metru v rliznych ¢asopisech a dennim tisku. Jako odbor-
ny redaktor a spoluautor se podilel na péti publikacich o stavbé metra a podniku
Metrostav.

Pii své odborné praci nezapomina na svého Zivotniho konicka - na sport a to
jak v aktivni tak organizatorské formé. V ramci Vodnich staveb a Metrostavu byl
organizatorem podnikovych zimnich i letnich sportovnich her a dlouholetym pred-
sedou télovychovné jednoty Vodni stavby Praha, kterd méla pfes 2000 ¢lent
a provozovala Sportovni areal Hostivar' s krytou halou a bazénem, Dnes je pfed-
sedou Sdruzenf veteranl Ceského atletického svazu a élenem piedsednictva
Evropské veteranské atletické asociace EVAA. Na mistrovstvich Evropy a svéta
atletdi-veterand ziskal pro CR v b&Zeckych disciplindch fadu medailf,

Pfi tom stihne jesté zastavat funkei prezidenta Senior klubu Metrostav, pro
jehoZ vice nez 200 ¢lenli piipravuije jiz témér deset let rozmanity a hodnotny pro-
gram éinnosti.

Redakdni rada ocefiuje Usili Ing. Matznera o dobrou troveri naSeho Easopisu
a jeho zasluhy o zavedeni dvojjazyéné mutace a rozsifeni obsahu. Nezbyva nez
popfat jubilantovi, aby mu jeho Zivotni elan a dobra zdravotni kondice vydrzely
jesté dlouho do piistiho tisicileti.

Ing. Petr Vozarik

DOC. ING. IVAN KAMENICEK, CSC. -
A SEPTUAGENARIAN

The newly septuagenerian, fit physically and psychically, was bom on May
14, 1929, as the second child in the family of an economic administrator
of the estate in Cechyné near Rousinov. After the elementary school and
Gymnasium at Vyskov, he completed his study at the Military Technical
University at Bmo in the year 1953. He slarted his professional career at
the mentioned university as a lecturer in the Department of Transport from
where he passed o the Department of Geotechnical Engineering where
he worked in the function of a senior assistant till the year 1976.
Simultaneously he was in a side employment with the Design Institute for
Transport and Engineering Constructions Prague as an independent
research worker, viz. till 1968. In the year 1967, he passed the oral con-
cerming Thesis named ,Theory and Design of Engineering Structures”, and the title CSc.
(equivalent to PhD) was granted to him.

The year 1968 and further years complicated his further professional career at the
Military Technical University at Brno, so that the second doctorate thesis in the line , Tunnels
and underground structures” could be filed and finished by the oral even in the year 1991.

In the year 1979 he leaves the Military Technical University and enters in employment
with PUDIS Praha in the function of a head of the Department for Research and
Calculations, with the specialization for underground structures. As the student and later
the senior assistant of Prof. Vojtéch Mencl, he performs applications of his theorelical
and practical conclusions and publishes many works in the line of underground engine-
ering and geotechnical engineering in infand and abroad. He is the author of many direc-
tives and standards for underground engineering, as well as the propagator of the ,New
Austrian Tunnelling Method".

In the year 1991 he became a co-founder of the company IKE s..0., where he has been
working as the 1st Vice-President and Executive of the company till the present day. He
became an authorized engineer in the line of geotechnical engineering and he goes on in
developing this activity within large tunnel constructions in the territory of Prague, Czech
Republic and Slovakia. To list all his works, it excedes possibilities of this reminiscence. In
spite of that, at random only, there must be credited with his acfivities at the construction of
the Prague Metro, Strahov tunnel and Mrazovka tunnel which is at present under con-
struction. He takes part in education of new geoengineers as a regular member of the com-
mission for state final examinations at the Military Technical University in Bmo. Even a fresh
quinquegenarian may envy him his vitality and working activity.

We wish him many further years and success in Work.

FROM THIS YEAR EVEN ING. KAREL MATZNER,
SECRETARY OF THE CTUC - ITA/AITES, AND THE
EDITOR-IN-CHIEF OF THE JOURNAL TUNEL IS RANKED
AMONG SEPTUAGENARIANS.

He was bom on March 16, 1929 in Ceské Budgjovice. He completed his
study at the Czech Technical University, the Faculty of Civil Engineering, the
Department of hydrotechnics, and started his career in the year 1953 at
Vodni stavby, on the construction site of the Water Work Lipno. There he
performed his début in the tunnelling branch which affected his whole
further professional work. He was the superintendent on the construgtion of
intake tunnels into power shafts, later, as the project manager he
completed, after eight years, the underground hydro-electric power station,
inclusive the tailrace tunnel up to the setting into operation and completing of the whole water
work. Several further years he was loyal to the South-Bohemian region. As the head of the
technological section of the Construction Division in Tabor, he took part in many water
structures and industrial ones, the most important of which were: reconstruction of the
South-Bohemian Paper-Mills at Vétini, construction of Skoda Works (previously ZVIL) and the
sewage freatment plant at Ceské Budgjovice, the water mains in the area of Veseli - Sobéslav, etc.

After the era of water dam constructions had been at the end, when he completed, in the
function of the Chief Engineer, the Water Work Nechranice, the vaulted dam on the Vrchlice
river, and the earthen dam of the Water Work Zelivka, he returned, in the year 1969 again under
the ground - for taking part in the construction of the Prague Metro, viz. from its very beginning.
Ten years he worked there as the head of the Realization Department and further ten years as
the technical assistant of the General Manager of Metrostav a.s. He was acting as a technical
advisor at shooting several technical and popular films conceming Metro, and he also published
several articles concerning Metro in various joumnals and newspapers. As a technical editor and
co-author, he took part in five technical publications concerning Metro and Metrostav.

At his technical activities he does not forget his permanent hobby, viz. the sport, both in the
active form and in the form of organization. Within Vodni stavby and Metrostay, he was the
organizer of winter and summer sports games and for many years he was also the president
of the sports club Vodni stavby Praha, which had more than 2000 members and operated the
sporting area at Hostivaf with a covered hall and swimming-pool. At present, he is the
president of the Association of Seniors of the Czech Athletic Federation, and the member of
the Board of the European Veteran Athletic Association EVAA, At European and World
Championships of athletes-veterans, many medals were granted to him in running.

More over he also performs the function of the President of the Senior Club of Metrostav.
For its more than 200 members he prepares, nearly fen years, various and interesting
programme of activities.

The Board of Editors appreciates both the effort of Ing. Matzner, for the professional level
of our journal to be good, and his merits as to the double-language version and its larger extent.
We wish to this fresh septuagenarian that his vital ardour and good physical condition may
continue for many years of the next millennium.
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TUNNELLING PERSONALITIES

JOACHIM BARRANDE - 200 LET OD JEHO NAROZENIi

Joachim Barrande je osobnosti, ktera nema v oblasti geologie a paleontologie
ve svelé obdoby. U nas pouzivame nazvy dané na jeho pocest, jako Barrandov
nebo Barrandovske filmové ateliéry, zcela béZng, ale mnozi védi o tomto vyiji-
mecéném clovéku jen malo, Barrande by mohl byt inspiraci nejen jako precizni
vedec, ale i jako charakterni muz. Je proto vice nez zajimavé zamyslet se nad
jeho Zivotem a dilem.

Jeho rodistém bylo méstecko Saugues v jizni Francii v départementu Haute-
Loire. Velka nadmofska vyska Massil Central ( napf. Plomb au Cantal, s vy$kou
1855 m Je od Saugues vzddlen asi 50 km), bohaté srazky a nepropustné horni-
ny davajl této oblasti nazev ,vodama Francie”. Odtud berou své zdroje feky
Loire, Dordogne a pres pritoky Garonne. Barrande se narodil v zamozné stat-
karske rodine 11. srpna 1799, nyni si pfipominame dvousté vyroél. Jeho pred-
koveé byli lidé dosti vzdélani a prolo | mlady Joachim byl posian do Pafize na
vysokou Skolu. V 1.1819-24 absolvoval Ecole polytechnique-polytechnickou Sko-
Iu a specielnf Ecole des ponts et chaussées 1]. $kolu pro stavby silnic a mostd.
V zavereéném roéniku byl nejlepsim studentem a po absolvovani obdrzel titul
civilniho inZenyra. Kromé zakladniho stavebniho studia navatévoval také pred-
nasky o pirodnich védach u vynikajicich profesori té doby, zejména u Curviera,
se kterym neprerusil styky ani po skonéenf $koly, déle u Lamarcka, d'Orbignyho,
Prévosta a dalsich.

Po skonceni studii se nékolik let vénoval svému oboru a Géastnil se staveb
mosll na fekach Garonne a Dordogne. Zejména feka Garonne, dlouha asi
380 km, ktera prameni v Pyrenejich a pfi jejim Gsti do biskajského zalivu lezi pfi-
stavni a primyslové mésto Bordeaux, byla pro hospodafstvi kraje dulezita.
V Bordeaux take pusobil, dale v Saumuru na fece Loife a v Décize, kde postavil
most, ktery byl v r. 1904 zbourén. Jeho technicka invence a mimofadné znalos-
li nezlistaly ve spolednosti nepovsimnuty a na doporugeni vévody de Angouleme
byl koncem 20, let povolan do Pafize ke dvoru krale Karla X., aby vyuéoval jeho
vnuka, Jindficha hrabéte de Chambord. Byla to prvni velka zména v jeho Zivote.

Vztah vychovatele a 2aka se vyvijel velmi dobfe a malému princovi se zfejmé
matematika a pfirodni védy v podani Barranda docela zamlouvaly. Olce jiz
nemel, nebot’ vévoda de Berry podiehl v tnoru 1820 Utoku fanatika, ktery chiél
timto ¢inem zabrénit dal§imu ristu rodu Bourbonil. V z4fi se ale narodil vévodo-
vé manZelce maly Jindfich a Karel X. se ujal péée o vnuka. Na trin nastoupil
r. 1824. Jeho viada vSak neméla dobré vysledky a proto po éervencové revoluci
r. 1830 musel opustit Pariz a odejit i s rodinou a svym dvorem do exilu. Mé&! lep-
§i osud nez jeho starsi bralr Ludvik XVI., ktery skonéil na popravisti. Nejdive se
odebral do Anglie a potom do Edinburghu ve Skotsku, kde poby! dva roky.

Zde mél Barrande téz piilezitos! poznat dilo Sira Rodericka |, Murchisona
(1792-1871), ktery se vénoval zejména studiu siluru a za tim Géelem navétivil pfi
ceslé po Evropé laké Cechy. Ve svém dile stanovil nékteré nazvy geologickych
Utvar(, které se b&Zné uzivaji, jako napf. perm, Od doby Murchisona a Barranda
véak jiz geologové nékolikral na zakladé védeckych naroénych analyz posunuli
a upfesnili Casové rozmezi pravékych divar( a stupfl.

R. 1832 opuslil Karel X. se svym dvorem britské kralovstvi a v fijnu prijel do
Cech, kde mu cisaf FrantiSek I. nabidl k pobytu zamek v Buétéhradu a potom
dokonce PraZsky hrad. Barrande byl dél vychovatelem a profesorem u kralova
vnuka a seznamil se piitom na Hradé s Frantiskem Palackym, kiery vyucoval
Jindficha néméiné, dale poznal Dobrovského, Hanku a Zippa. Velky vyznam pro
né mélo seznameni s hrabétem Kasparem Stemnbergem, klery se r. 1818
zaslouZil o zaloZzeni Narodniho muzea, tehdy Vlasteneckého muzea v Cechach,
Behem doby své dinnosti ménilo muzeum nékolikral svij nézev, jmenovalo se
také Ceské muzeum,

R. 1833 skoncilo Barrandeho zaméstnani u dvora, pfesto ho s Jindfichem de
Chambord pojilo pratelstvi po cely Zivot a hrabé ho jmenoval spravcem svého
jmeéni. Koupil pak zamek Frohsdorf u Vidné a zval nékdy Barranda k sobg, ten
se ale nechtél vadat svého vyzkumu,

V té dobé nabidl hrab& Kaspar Sternberg Barrandemu misto hlavniho inZeny-
ra pii stavbé prodiuZované konské drahy, ktera jiz od r. 1830 spojovala Prahu
s Lany. Nyni mela sméfovat dal na Krivoklatsko a k uhelnym panvim u Plzné. Pro
Barranda to byla opét odpovédna technicka prace a ujal se ji s dkladnosti jemu
viasini, Koriska draha méla v té dobé své nezanedbatelné postaveni a byla dille-
Zilou dopravni cestou, napf. po trase Ceské Budéjovice-Linec se méla dopravo-
val hlavné sl a drivi. Barrande se také zabyval hospodamosti dopravy po kon-
ské Zeleznici a v jeho pozistalosti se nalezly vypoély jejich nakladG a navral-
nosti. Tato doba mu pfinesla dalsi zlom v Zivoté, nebot’ pfi zeméméficskych pra-
cech nalezl u Skryji a Tyfovic na Berounsku zkamengliny pravékych Zivodichi,
Jeho zajem byl podnicen i nalezy trilobitd u skal Divéi hrady za Zlichovem a roz-
hodl se tomuto oboru piné vénoval, zejména proto, ze ze stavby korky seélo. Ze
svého platu jako spravce Chambordova majetku mohl platit skalniky, tj. délniky
Z loma, ktefi mu pfinaSeli dalsi fosilie.

200 YEARS FROM THE BIRTH OF JOACHIM BARRANDE

It is impossible to find an analogy to Joachim Barrande's personalily in the
world field of geology and paleontology. It is quite a common thing for us to use
names given in his honour, as Barrandov (the Barrande's Hill) or the Barrandov
Film Studios, although many of us have only a little knowledge about this singu-
lar man. Barrande could be an inspiration not only as a precise scientist, but as
a man of principle too. For that reason it is more than interesling lo spare a
thought for his life and work.

He was born in Saugues, a small town in the south of France, in the Haute-
Loire département. The high altitude of the Massif Central, for example the 1855
m high Plomb au Cantal is in the distance of about 50 km from Saugues, lot of
precipitation, and impermeable rocks caused that this region is called "France's
waler plant". Here are the sources of the Loire and the Dordogne rivers, as well
as, through its tribularies, of the Garonne. Barrande was borm in a wealthy lan-
downer's family on 11th August 1799. We are commemorating the 200th anni-
versary of this day. His ancestors were quite educated people, for that reason
also young Joachim was sent to study in Paris. During 1819-24 he passed a
polytechnic Ecole Polylechnique, and Ecole des ponts at chaussées, a speciali-
sed school of construction of roads and bridges. He was the best student in the
final year, and he was awarded the fitle of civil engineer after graduation. In addi-
tion to the basic civil engineering studies, he attended courses of lectures in
natural science given by distinguished professors of that time, namely by Curvier,
relations with whom he did not break off even after his graduation, further by
Lamarck, d'Orbigny, Prévost and others.

After completion of his studies, he devoted himself to his line of business. He
participated in construction of bridges on the Garonne and the Dordogne rivers.
The Garonne river, about 380 km long, springing from the Pyrenée and emply-
ing inta the Bay of Biscay at Bordeaux, a port and an industrial town, was parti-
cularly important for the economy of the region. He also praclised in Bordeausy,
further in Saumur on the Loire River, and in Décize, where he built a bridge,
which was demolished in 1904. His technical inventiveness and remarkable
knowledge did not remain unnoticed in sociely, and, on the Duke de
Angouleme's recommendation, he was invited to the court of King Charles X in
Paris to teach his grandson, Henry, the Count de Chambord. Il was the first
great change in his life.

The relationship between the tutor and the pupil was developing very well, and
the little prince probably rather liked mathematics and natural sciences presen-
ted by Barrande. He did not have his father any more, as the Duke de Berry
succumbed in February 1820 to the attack of a fanatic, who wanted to prevent
the house of Bourbon from further spreading. Despite that, duke's wife gave birth
to little Henry in September, and Charles X took charge of his grandson. He
ascended the throne in 1824, But his reign did not have good results. For that
reason, after the July Revolution in 1830, he and his court had to leave Paris and
go into exile. His destiny was better than that of Louis XVI, his older brother, who
was put to the sword. First he left for England, then to Edinburgh, where he
stayed for two years.

Barrande had also an opportunity there lo learn something about the work of
Sir Roderick |. Murchison (1792-1871), who devoted himself to the study of the
Silurian Period above all, and for that reason had visited Bohemia during his tra-
vels across Europe. He established some terms, names of geological periods,
which are commonly used, e.g. the Permian Period. However, geolagists have,
on the basis of exacting analyses, several times shifted and made precise the
time limits of the geological periods and eras since the time of Murchison and
Barrande.

Charles X and his court left the British Kingdom in 1832, and in October he
arrived to Bohemia, where Emperor Franz | offered him to stay in the Bustéhrad
chateau, later on even in the Prague Castle. Barrande conlinued to be the tutor
and professor of the king's grandson. On lhat occasion he met Frantidek
Palacky, who taught Henry German. He also met Dobrovsky, Hanka and Zipp.
Of a special importance to him was the meeting Count Kagpar Stemberg, who
gained recognition for foundation of the National Museum, called the Patriotic
Museum in Bohemia at that time. In the course of its existence, the museum
changed its name several times, it was also called the Czech Museum.

Barrande's employment in the court came to an end in 1833. Despite that, he
remained joined with Henry de Chambord by friendship for all the life. The count
appointed him custodian of his property. Later on, he bought the Frohsdorf cha-
teau close to Vienna, and invited Barrande at times to meet him. But Barrande
did not want to give up his researching work.:

About that time Count Kaspar Stemberg offered Barrande a job of a chief
engineer on the construction of an extended horse-drawn line, which linked
Prague with Lény as long as since 1830, It was designed to continue further to
the Krivokiat region and to a coal basin close to Pilsen. It was a responsible tech-
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O domécnost se mu starala pani Barbora Nerudova, kterd uméla francouzsky
a maly Jan, pozd&ji n&s vynikajici basnik, ho také navstévoval a Barrande ho pfi
Zertovani nazyval sekretafem. Naugil se také velmi dobfe Eesky, hlavné zaslu-
hou pani Nerudové. Nejdfive bydlel na Malostranském namésti a r. 1845 se pfe-
stéhoval na Ujezd do rohového domu s Vitéznou ulici, ktery od r. 1969 zdobi jeho
pamétni deska s bustou od Karla Lidického. Byt byl pfeplnen fosiliemi a Barrande
ve své skromnosti pouzival na praci jiz jen kuchynsky stil.

V Pafizi si také drzel po cely Zivot viastni byt a kazdy rok tam jezdil.

Ve svém vyzkumu nebyl izolovan od oslatnich paleontolog(, r. 1843 podnikl
s Murchisonem a Zippem prohlidky skal v Malé Chuchli, Slivenci, Hlubo¢epich
a Dvorcich nebo r. 1846 jel s americkym geologem Romingerem na Berounsko.
Sam se také vydaval na cesty, jako do Vratislavi, Krakova, Besangonu, Liége,
Bonnu a Halle. Jeho korespondence byla velmi bohata a sméfovala do celého
svéta.

O ceskych zkamenélinich mohl tehdy Barrande &ist v knihdch |. Borna,
hr. Kinského, J. T. Lindackera a dalsich. Dokonce jiZ r. 1770 se tomuto oboru
vénoval jezuita F. Zeno.

Po tfinactiletém badani vydal Barrande r.1846 v Lipsku a pak i v Praze svou
prvni knihu o silurském systému. Stanovil osm stupid geologickych vrstev paleo-
zoika a porovnaval je se znamymi vrstvami uznavanymi v Anglii. Byl to tvod
k jeho hlavnimu a necbyéejnému dilu o 22 svazcich kleré zacal vydavat r. 1852
- Systeme silurien du centre de la Bohéme". Ma celkem 6000 stran, 1160 kres-
lenych tabuli a je zde popsano 3560 Zivogich( vSech druhl ze strasich prvofior-
kambria, ordoviku, siluru a devonu. Pro pojmenovani fosilii pouzival rad ceska
jména, jako napf, Pantata, Vlasta, Kralovna, Vévoda nebo Babinka prima dle
pani Nerudové. Ceské nazvy nebyly vidy v zahraniéi pfijaty, ale dle pravidel
v zoologii jsou platné. Londynska geologicka spoleénost mu po vydani prvniho
dilu udélila prestizni Wollastanovu cenu, pojmenovanou dle anglického fyzika
a chemika Wollastona (1766-1822), ktery mimo jiné objevil palladium a rhodium.

Ve svém soukromém zivoté byl Barrande vzdy korektni, stfidmy, Stédry
k potfebnym. Za sbirani zkamenélin zaplatil skalnikim mnoho tisic zlatych. M&l
velmi dobré zdravi, nebyl téméF nikdy nemocen a pfi svych 80. narozeninéch sfa-
ral na Pfibrami do hloubky 1000 m.

Na podzim r. 1883 ho stihla zprava, aby okamzité odjel k umirajicimu hrabéti
Chambordovi do Frohsdorfu. Barrande ho nalezl je$té naZivu a stal se i vykona-
vatelem jeho posledni vlle. Zvy$end ndmaha a rozéileni mu véak privodily tézky
zapal plic, kterému 5. fijna 1883 podiehl. Byl pohfben v Lanzenkirchenu.

Jeho vyjimeénd piimd povaha se odrazila i v jeho zavéti, ve které odkazal
véechny své knihy a shirky Ceskému muzeu, nebot jak se vyjadfil .z éeské zemé
pochazeji, Ceské zemi necht ndlezeji“. Na dokonéeni svého dila vénoval muzeu
10 000 zlatych.

Na jeho poCest byla v &ervnu 1884 umisténa na skalu za Zlichovem velka
pamétni deska s jeho jménem, kterou vénovala Ceskomoravska tovarna. Skala
pivodné dosahovala téméf az k Vitavé, ale r. 1742 byla odstfelena francouz-
skymi vojaky pfi stavbé silnice na Zbraslav. Tak byl odkryt zvrasnény reliéf
z lochkovskych vapenct. Dle Barranda byla pojmenovéna i oblast stfednich
a zapadnich Cech s vrstvami stardtho paleozoika a svrchniho proterozoika -
Barrandien. Byl to velky &lovék.

Helena Kohoutova

Joachim Barrande

3 Portrét na tabuli nauéné stezky

A za Zlichovem
& Portrait on the tablet at the educational
path close to Zlichov

Obr.2
Dim na Ujezdé s Barrandovym reliefem
The house in Ujezd with Barrande's relief

nical work for Barrande again. He set about it with competence so characleristic
of him. The role assumed by the horse-drawn line at that time was not negligib-
le. It was an important transport route, for example salt and timber was fo be
transported along the Ceské Budéjovice - Linz route. Barrande also occupied
himself with economy of the transport on the horse-drawn line. Calculations of its
costs and returnability were found in his inheritance. That time also brought anot-
her turn of his life as he discovered fossil primeval animals close to Skryje and
Tyfovice municipalities in the Beroun region during his geodetic survey work.
Also the findings of trilobites in Divéi Hrady rocks outside Zlichov kindied his
interest. He decided to dedicate himself fully to this field of activity for that rea-
son above all that the plan to build the horse-drawn line was abandoned. He was
able to pay quarry-people out of his salary of the custodian of Chambord’s pro-
perty for carrying the fossils to him.

His household was kept by Mrs. Barbora Nerudové, who could speak French.
Her little son Jan, later on our distinguished poet, also visited him, and Barrande,
when he joked, called him his secretary. He also learned Czech quite well,
thanks to Mrs. Nerudovd above all. In the beginning he was staying in the
Malostranské square, and in 1845 he moved to Ujezd, the corner house with
Vitézna Street, which is decorated with his memorial carved in a tablet, and with
his bust by Karel Lidicky. The flat was full up with fossils, and Barrande, in his
modesty, used a kitchen desk only for his work. He also had had his own flat in
Paris for all his life, and he travelled there every year.

He was not isolated from the other paleontologists in his research. Together
with Murchison, he undertook an examination of the rocks in Mald Chuchle,
Slivenec, Hiubocepy and Dvorce in 1843, or, in 1846, he went to the Beroun regi-
on with Rominger, an American geologist. He himself also set out on journeys,
for example to Vratislav, Krakov, Besangon, Liege, Bonn and Halle. His corres-
pondence, which was addressed all over the world, was plentiful.

At that time, Barrande could read about the Bohemian fossils in books by |.
Born, Count Kinsky, J.T.Lindacker and others. Jesuit F.Zeno gave over to this
field as early as in 1770.

After thirteen years of researching, Barrande published, in Lipsko and then in
Prague, his first book on the Silurian system. He eslablished eight stages of
paleozoic layers, and he compared them with the known layers acknowledged in
England. It was an introduction to the main, outstanding work of his, "Systéme
silurien du centre de la Bohéme", comprising 22 volumes. He started to publish
it in 1852. In total, it contains 6000 pages, 1160 illustrated sheets, and descripti-
on of 3560 animals of all kinds from the Earlier Palaeozoic ages - the Cambrian,
Ordovician, Silurian and Devonian periods. He liked to give Czech names to the
fossils, as Pantata, Viasta, Kralovna, Vévoda or Babinka prima for Mrs. Neruda.
The Czech names were not always accepted abroad, but, according to the rules
of zoology, they are valid. The London zoological association awarded him, after
publication of the first part, a prestigious Wollaston Prise, named for Wollaston,
an English physicist and chemist (1766-1822), who, apart from others, discove-
red palladium and rhodium.

In his private life, Barrande was always correct, temperate, generous to those
in need. He paid many thousands of guilders to the quarry people for collecting
the fossils. He enjoyed very sound health, he was hardly ever ill, and he went
down the pit in Pfibram to the depth of 1000 m on his 80th birthday.

In the autumn of 1883, he got the message to leave for Frohsdorf immediate-
ly to the dying Count Chambord. Barrande found him still living, and he became
an administrator of his last will. However, as a result of over-exertion and agiltati-
on, he developed serious pneumonia. He succumbed to it on 5th October 1883.
He was buried in Lanzenkirchen.

His exceptional direct nature even reflected on his last will, in which he sett-
led all his books and collections on the Czech Museum because, as he expres-
sed himself, "they originated in Bohemia, so let them belong to Bohemia". He
donated 10 000 guilders to the museum for finalization of his work.

A large tablet with his name, presented by Ceskomoravska Tovarna compa-
ny, was installed in his honor on the rock close to Zlichov municipality in June
1884. Originally, the rock extended nearly to the Vitava River, but in 1742 it was
blasted away by French soldiers when the road to Zbraslav was built. The blas-
ting work uncovered a folded relief of Lochkov limestones. The region of central
and western Bohemia with the stratas of the Earlier Palaeozoic Period and the
Upper Proterozoic Period was named Barrandien for Mr. Barrande.

Obr. 1
Barrandova skala s pamétni deskou
The Barrande Rock with the tablet
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CZECH TUNNELLING COMMITTEE REPORTS

VALNE SHROMAZDENI CESKEHO TUNELARSKEHO KOMITETU

se konalo dne 7. kvétna 1999 na pozvani a.s. Vodni stavby Praha v Praze - Holeovicich
za (casti zastupch 20 Elenskych organizaci, 6 individuainich lenti a dalich host,
Ucastnici obdrZeli k jednani nasledujici materialy:

® program jednani

e ¢erpani rozpoctu 1998

e ndvrh rozpoctu 1999

* kalendarium ITA/AITES - navrh k doplnéni

* dopis - vyzva k inzerci v ¢asopise TUNEL v &eétiné a angl.

® pokyny pro zpracovani podkladu pro tisk v ¢estiné a ang.

* cenik inzerce

Valnému shroméazdéni predsedal Ing. Jindfich Hess a jednani Fidil Ing. Karel Matzner.

Uvodnf slovo patiilo generainimu fediteli Ing. Jaroslavu Kopeckému z hostitelské
spolecnosti, ktery pfipomenul ¢innost Vodnich staveb i v podzemnim stavitelstvi
a nabidl dalsi spolupraci na stavbéch v tomto oboru.

Ing. Hess informoval o jednanich predsednictva CTUK, o jednanich Vkonného
vyboru (EC) ITA/AITES, o pfipravovanych oslavach 25. Vyrodi vzniku asociace v ram-
ci Svétového tunelaiského kongresu v Oslo, o dopliiujicich volbach do EC a volbach
mista konéni pfigtiho. Valného shromazdéni (GA) ITA/AITES. Na navrh predsednic-
tva byl jako dalegét za CR na GA v Oslo schvélen generaini feditel Ing. Petr Kuchar.

Ing. Vaclav Vales informoval o ¢innosli a nasf ¢asti v pracovnich skupindch (WG)
ITA/AITES. }

Ing. Petr Doubek podal zpravu o ¢epani rozpodtu CTuK za rok 1998 a navrh roz-
poctu na bézny rok. Delegati obé zpravy bez pfipominek schvalili.

Stav Clenske zakladny: 39 organizaci, z toho 4 vysokoskolské a védecké Ustavy,
a 21 jednotlivel. Vojenské stavby reprezentuje od roku 1999 nastupnicky subjekt
VOJENSKE STAVBY CZ, as.

Zpravu o edicnich zdmérech redakéni rady ¢asopisu TUNEL prednes! Ing. Miloslay
Novotny. Dosavadni image Gasopisu bude zachovan i nadéle pfi zvétdeném rozsahu
z 32 na 52-56 stran a dvojjazyéné mutaci.

V ramei styk s odbomymi spoleénostmi pfibuznych obordi se konal ve spolupraci
8 SG-Geotechnika seminai o podzemnim zé&sobniku plynu Haje u Pfibrami. Referoval
o ném prof. Josef Aldorf DrSc. i

O pfipravé ,KONFERENCE PODZEMNI STAVBY PRAHA" 2000 informoval prof,
Jifi Bartak DrSc. Konference se bude konat pod zastitou ITA/AITES od 9. - 11.10.
2000 v sdle hotelu Pyramida v Praze 6. ,Prvni ozndmeni" a ,Pozvanka“ s predbéznou
pihiadkou jiz byly rozeslany.

Delegati byli informovani o moznosti sponzorské spolutiasti a propagaci svych
staveb v rdmci pfipravy televizniho serialu BOHEMIA SUBTERRANEA, jehoz rezisé-
rem je Josef Havran, Video Golem, tel. 0603554866.

V diskusi vystoupili Ing. Vlasic, doc. Ing. Rozsypal, CSc, Ing. Dolezalova CSc.
a Ing. Koledkar.

Ing. Libor Mafik vede internetovou stranku CTuK: http://www.ita-aites.cz.
Sekretariat ma svou e-mailovou adresu: matzner@metrostav.cz.

Na zavér vainého shromaZdéni prezentoval Ing. Miloslav Novotny akciovou spoled-
nost Vodni stavby a jeji aktivity v oblasti podzemniho stavitelstvi s promitanim diapoziti-
vii ze stavby sbérade P, k nimz prednesl spolu s prof. Bartdkem podrobny komentar.

Usneseni predsednictva CTuK

Pfedsednictvo CTuK pfijalo v Gervnu t.r. toto usneseni: y

1. svolat ve smyslu stanov ,Pracovni shromazdéni* &lenti CTuK na podzim 1999
s odbornym zaméfenim a Clenské zaleZitosti soustfedit k projednavani na
Valnych shromazdénich*

2. Jednani letogniho pracovniho shromézdéni orientovat na dvé aktuelni otazky:

2.1. vyuziti elektronickych medii v ramei ITA/AITES (névrh garanta: Ing. Libor Maiik)
* obsah internetovych stranek ITA/AITES .
* vyuZiti E-mailu pro aktuelni informovanf ¢lent CTuK

2.2. vliv havarii v silniénich tunelech na vjvoj podzemniho stavitelstvi a bezpeénost-
nich opatfeni (navrh garanta: Ing. Pavel P¥ibyl CSc.)

Zdavodnéni:

Stanovy CTuk rozlisuji Vainé shromézdéni a Pracovni shromazdeni, ktera se obé maji
konat v jednom roce. Clenské zélezitosti spoleénosti je obvyklé projednévat kaido-
roéné jedenkrat a proto se jevi uZiteéné vyuZivat pracovnich shromazdani jako semi-
nafl ka aktuelnim tématim. Letodni navrzend témata vychazeji ze soucasného
rychiého vjvoje vyuZili elektronickych medii a problémii, kieré mohou oviivnit dalsi
rozvoj podzemniho stavitelstvi.

GENERAL ASSEMBLY OF THE CZECH TUNNELLING COMITTEE

took place on May 7, 1999, to the invitation of Vodni stavby a.s. Praha in Prague-Holesovice
at the participation of representatives of 20 member organizations, 6 individual members and
further guests.

The patticipants received the following materials to the proceedings:

- agenda

- drawing of the budget for the year 1998

- budget draft for the year 1999

- survey of actions of ITA/AITES - amendment draft

- letter - invitation for advertising in the journal TUNEL i n Czech and in English

- Instructions how to elaborate materials for printing in Czech and in English

- price fist of advelisement

The General Assembly was presided by Ing. Jiii Hess and the proceedings was directed
by Ing. Karel Matzner.

The introduction word was presented by the General Manager of the host company -
Ing. Jaroslav Kopecky, who reminded the participants of the activities of Vodni stavby Praha
a.s. even in the underground engineering, and offered further cooperation as to constructions
performed in this line.

Ing. Hess informed of the following matters: negotiations of the Board of CTUC,
negoliations of the Executive Comittee (EC) of ITA/AITES, celebrations being prepared to the
25th anniversary of the Association within the World Tunnelling Congress in Oslo, additional
election in the EC and selection of the place for the fulure General Assembly (GA). To the
motion of the Board, General Manager Ing. Petr Kuchér was approved as a delegate of the
Czech Republic to the GA in Oslo.

Ing. Vaclav Vales informed of the activity and our participation in working groups (WG) of
[TA/AITES.

Ing. Peir Doubek presented a report conceming the drawing of the CTuC budget for the
year 1938 as well as the draft of the budget for the current year. The delegates approved both
reports withoul comments,

The situation of the membership: 39 arganizations, 4 of them scientific and university
Institutes, and 21 individuals. The company Vojenské stavby is represented from the year 1999
by its successor, i.e. VOJENSKE STAVBY CZ, ass.

The report concerning editing intentions of the Editors Board of the journal TUNEL was
presented by Ing. Miloslav Novofny. The hitherto image of the journal will be kept at an
increased extent from 32 to 52 up to 56 pages and in two language versions.

Within contacts with professional companies of related fines, there took place a seminar
concerning the underground cavem gas storage Hdje near Pribram. The leclure was
performed by Prof. Josef Aldorf, DrSe.

Prof. Dr. Jiii Baridk, DrSc. informed of preparations of the conference ,UNDERGROUND
CONSTRUCTION PRAHA 2000°. The conference will be held under the sponsorship of
ITAAITES from October 9o 11, 2000 in the hall of the hote! Pyramida in Prague 6. The ,First
information" and the , Invitation” with a preliminary application have been already sent off,

The delegates have been informed of the possibility to take part in the sponsorship and in
spreading knowledge of their structures within the preparation of a television serfal named
BOHEMIA SUBTERRANEA". Josef Havran, Video Golem, phone No. 06035548686, is the
director of this serial.

Ing. Viasic, Doc. Ing. Rozsypal, CSc. , Ing. DoleZalové, CSc, and Ing. Koleckéf took part in
the discussion.

Ing. Libor Mafik directs the work of the internet page CTuC: hhttp:/fwww.ita-aites.cz. The
e-mail address of the Secretariat is as follows: matzner@metrostav.cz.

Al the end of the General Assembly, Ing. Miloslav Novoiny presented the joint-stock
company Vodni stavby and ils activity in the sphere of the underground engineering with
showing slides conceming the construction of the collection sewer ,P* provided with his
detailed comments and comments of prof. Bartak.

Resolution of the Board of the CtuC

The Board of the CluC adopted the following resolution in June 1999:

1. To summon, in the tenor of the articles, the ,Working Assembly” of the members of the
CtuC, facused on professional topics, for the Autumn 1999, while the matiers of mem-
bership be aggregated and solved in the ,General Assemblies”.

2. To concentrate the discussion on the this-year working assemb){g on two lopical issues;

. utilisation of electronic media in the framework of the ITA/MITES (proposed guarantor,
Ing. Libor Mafik):
- content of the ITAV/AITES Internet pages
- use of e-mail for topical information fo the CtuC members

2.2. the atfect of incidents in road tunnefs on the development of underground engineering
and of safety measures (proposed guarantor: Ing. Pavel Pibyl CSc.)

Explanation:

The CtuC Articles distinguish between a General Assembly and a Working Assembly, both of
which are to held in one year. The membership matfers of the association are usually
discussed once in a year, therefore it appears useful o uliise the working assemblies as
seminaries on fopical fssues. The topics, proposed for this year, are based on the current fast
development of ulilisation of electronic media, and the Issues which can affect the further
development of the underground engineering.

P

Ing. Karel Matzner
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SPRAVODAJSTVO SLOVENSKEJ TUNELARSKEJ ASOCIACIE

Najdélezitejou udalostou Slovenskej tuneldrskej asocidcie (STA) v prvom
polroku 1999 bolo valné zhromazdenie spojené s volbami novych funkcionarov.
Po uplynulom stvorroénom obdobi pod vedenim Ing. Juraja Kelesiho, pracovni-
ka podniku Doprastav, a. s. Bratislava, novym $éfom STA na dalSie Stvorrocné
volebné obdobie sa stal Ing. Pavol Kusy, CSc., generalny riaditel’ Terraprojektu,
a. s. Bratislava. Valné zhromazdenie okrem iného schvdlilo nové stanovy
a schvdlilo aj zmenu nazvu organizacie, ktory po tejto zmene namiesto slova
komitét bude pouzivat vyraz asocidcia. Pévodny nazov Slovensky tunelarsky
komitét bol zatazeny uréitou logickou chybou. Komitét podla slovnikovej definicie
je skupina osdb vybrana z vacsieho celku a poverena nejakou Ulohou, oznago-
vana tiez ako organizaény vybor. Vyrazom komitét bude STA dalej oznacovat
svoje doterajsie Predsednictvo. Funkciu najvyssieho predstavitela STA nové sta-
novy pomenuvajd vyrazom prezident.

Clenmi komitétu STA na nasledujdce Stvorroéné obdobie su:

Ing. Martin Bako$, CSc., Infraprojekt, s. r. o. Bratislava
Ing. Peter Dinga, Geoconzult, s. r. 0. Bratislava

Ing. Jozef Frankovsky, Banskeé stavby, a. s. Prievidza
Ing. Alexander Hybal, Banské projekty, s. r. 0. Bratislava
Ing. Stefan Choma, Slovenska sprava ciest, Bratislava
Ing. Juraj Kelesi, Doprastay, a. s. Bratislava

Ing. Pavol Kusy, CSc. Terraprojekt, a. s. Bratislava

N g~

Rovnako ako pre nasich Ceskych kolegov najvyznamnejSou nadnarodnou
tunelarskou udalostou bola Uc¢ast na Svetovom tunelarskom kongrese v Oslo. Zo
Slovenska sa tejto vyznamnej tunelarskej akcie v diioch 29. méja az 3. juna 1999
z(¢astnilo 16 o0sdb.

Tunelarskou akciou narodného vyznamu pod patronatom Komitétu STA bola
Medzindrodna vystava vystavby podzemnych objektov TUNELY 99 Zilina
v dioch 8.-10. juna 1999. Organizatorom tejto periodickej akcie je Dom techniky
ZS VTS Zilina, s. 1. 0. Sprievodnymi akciami tejto vystavy boli:

a) Medzinarodny odborny seminar

b) Prezentacia firiem

¢) Odborna exkurzia

Vystavovatelskych organizacii na tejto akcii bolo 26 v zastlipenf: SR, CR,
Franclzsko, Rakusko. Prilezitost firemnej prezentacie vyuZilo 17 firiem zo SR,
CR, Rakuska a Polska.

Slovenskych tuneldrov v si¢asnosti najviac zaujima dalSie pokracovanie pro-
gramu vystavby dialhic, preto hlavnymi referatmi medzinarodného odborného
seminara boli:

- Programové vyhlasenie vlady - ulohy rezortu MDPaT SR v oblasti vystavby

dialiénej siete na Slovensku (Ing. Peter Barek, gen. riaditel odboru cestnej

infradtruktury MDPaT).

- Rozpracovanie a konkretizacia Uloh rezortu na podmienky Slovenskej spravy
ciest v oblasti budovania tunelov (Ing. Jozef Macejko, gen. riaditef SSC
Bratislava, v sti¢asnosti minister MDPaT).

- SUcasny stav a zamery MvaVP SR v oblasti budovania podzemnych objektov
(Ing. Lubo§ Kovagik, ved. odboru technickej politiky MvaVP).

Koreferaty za ST sa zaoberali terajsim priebehom a vysledkami na tuneloch
Branisko, Viéfiové a Horelica, ako aj dal3imi perspektivami a moznostami pokra-
Covania vystavby ostatnych planovanych tunelov v SR.

Zahrani¢né koreferaty sa zaoberali technologickymi pokrokmi tunelarstva.

Tunelarskou akciou &. 1 z vecného a historického hladiska je prerazka na
prvom slovenskom dialniénom tuneli Branisko. Oficidina oslava preraiky, na kto-
rej tuneldrom z Banskych stavieb, a. s. Prievidza a ZdruzZenia Spis (Uranpres s.
r. 0. a Zelba Spisska Nova Ves) pridiel gratulovat premier SR Mikula$ Dzurinda
v sprievode daléich dvoch ministrov (Gabriel Palacka a Ludovit Cernak).
Mimoriadna presnost’ prerazky (smerovo 11 mm, vySkovo 17 mm), kvalita
a vyrazne vyssie tempo a vykony oproti oéakavanym hodnotam potvrdili profesi-
ondlnu zdatnost Uidastnikov stavby tohto tunela tak v investiénej, projektovej, ako
aj stavebno-dodavatefskej sfére.

SLOVAK TUNNELLING ASSOCIATION REPORTS

The General Meeling of the Slovak Tunnelling Association (STA) was its most important
event in the first half of the year 1999. It was connected with elections of new officials. Ing.
Pavol Kusy CSc., General Manager of Terraprojekt, a.s. Bratislava, was elected for the next
four-year term the new chief of the STA, after the past four years under the leadership of
Ing. Juraj Kelesi, working with Doprastav, a.s. Bratisiava. Among other things, the general
meeting approved the new Arficles of Association, and it also approved a change of the
organisation name. After this change, it will use the term association instead of the former
word committee. The original name the Slovak Tunnelling Committee was tainted by a cer-
tain logical error. According to the definition in a dictionary, a commitiee is a group of
people selected from a larger entity, authorised to fulfil a task. It is also marked as an
organisational commission, The term Committee will be used by the STA in future instead
of the currently used word Presidium. The new Articles of Association call the position of
the highest representative of the STA President.

The list of the Committee members of the STA for the oncoming four-year term:
1. Ing. Martin Bakos, CSc., Infraprojekt, s.r.o. Bratislava

2. Ing. Peter Dinga, Geoconzult, s.r.o. Bratislava

3. Ing. Josef Frankovsky, Banské stavby, a.s. Prievidza

4. Ing. Alexander Hybal, Banské projekty, s.r.o. Bratislava

5. Ing. Stefan Choma, Slovenska spréva ciest, Bratislava

6. Ing. Juraj Kelesi, Doprastay, a.s. Bratislava

7. Ing. Pavol Kusy, CSc, Teraprojekt, a.s. Bratislava

As well as for our Czech colleagues, our aftendance at the World Tunnelling
Conference in Oslo was the most important supranational tunnelling event. There were
16 persons from Slovakia present at that prominent tunnelling event, held from 29th
May to 3rd June 1999.

TUNELY 99 Zilina, the international exhibition of construction of underground struc-
tures held from 8th to 10th June 1999, was a tunnelling event of a national significan-
ce, sponsored by the STA Committee. This periodical event was organised by the Dom
Techniky ZS VTS Zilina, s.ro. There were the following actions accompanying this
exhibition:

a) International technical seminary

b) Presentation of companies

¢) Specialised field trip
There were 26 exhibiting companies participating in that event, representing the SR,

the CR, France, Austria. 17 companies from the SR, the CR, Austria and Poland took

advantage of the companies presentation.

Slovak tunnellers are currently most interested in the further continuation of the pro-
gramme of construction of new motorways. For that reason, the following papers
became the main papers of the international technical seminary:

The program statement of the government - tasks of the Ministry of Transport, Posts

and Telecommunications of the SR (MTPT) in the sphere of development of the

Slovak Motorway Network (Ing. Peter Barek, General Manager of the department of

the road infrastructure of the MTPT).

- Elaboration and concretisation of the tasks of the ministry for the conditions of the
Slovenskd sprava ciest (SSC), the Slovak road authority, in the field of construction of
tunnels (Ing. Josef Macejko, General Manager of the SSC Bratislava).

- Topical state and intentions of the Ministry of Construction and Public Works of the SR
(MCPW) in the field of development of new underground projects (Ing. Lubo$ Kovacik,
chief of the department of technical policy of the MCPW).

Parallel papers on behalf of the STA dealt with the current progress and the results
achieved on the tunnels Branisko, Visriové and Horelica, as well as other prospects and
possibilities of continuation of the other planned tunnels in the SR

Foreign parallel papers dealt with technological progress of the tunnelling.

The breakthrough at Branisko, the first Slovak highway tunnel, became the
tunnelling event number 1 from the material and historical point of view. The official
breakthrough celebration was attended by Mr. Mikulas Dzurinda, Prime Minister of the
SR, who came, together with two ministers (Gabriel Palacka and Ludovit Cernék), to
congratulate to the tunnellers. The remarkable accuracy of the breakthrough (to 11 mm
on alignment, 17 mm on level), quality and appreciably higher advance rate and
outputs, compared to the values expected, confirmed the professional capacity of the
participants of the construction of this tunnel both in the investment/designing and
contractors' sphere.

ing. Jozef FRANKOVSKY
clen komitétu STA
member of the STA Committee




POWER AND
PERFORMANCE

like never before

* Modern rock excavation techniques

¢ Complex array of methods and machines

* Wide range product types - from the simple pneumatic pusher leg
rock drills to the highly sophisticated, electro-hydraulic
robotised drill rigs

* High degree of engineering efficiency

* [Easy operation, simle service and reliability

* Complete range of top quality rock drilling tools

* The unique technique for reinforcing rock - the Swellex rockbolts
features simple and quick installation, manually or mechanize

providing instant rock support and increased safety

Atlas Copco Tools, s.r.o., divize stavebni a duIni stroje
Bélohorska 159/187, Praha 6, 169 00
Tel.: 02/205 146 04, Fax: 02/205 146 14
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VELKY TRESK

kraje jednoho dne v zafi roku 1964.

Zelivky do Prahy.

Ohlésil rovnéz, ze praveé vzniklia nova
organizace, ktera piinesla renezanci

a ktera se postupem €asu proménila
v akciovou spolecnost

Od té doby uplynulo pravé 35 let.

rozdifila na celé spekirum obéanskych
a InZzenyrskych staveb.
Spolu se svymi partnery oslavuje

a spolupracl.

se rozlehl romantickym Gdolim Stdpanovského
potoka na jihovychodni hranici Stredogeského

Ohléasil, Ze pravé byla zahéjena priizkumna Stola
v trase budouciho Stolového privadéée pitné vody ze

podzemniho stavitelstvi do Ceské republiky

Subterra a.s. dal tfiméa prapor predvoje éeskych
tuneléfskych firem a sviij vyrobni program si

od svého vznlku a véem dékuije za pfizefi

BIG BANG

rang over a romantic valley of the Stépanovsky
Creek in the South-East corner of the Central Bohemia regi-
on one day of September 1964.

It announced that the work on a trial gallery was started in
the route of a future gallery penstock for drinking water
from the Zelivka River to Prague.

It also announced that a new company was
established, which brought about renaissance
of underground civil engineering in the
Czech Republic, and which lately was
transformed to joint-stock company

35 years has passed since then.
Subterra a.s. still holds the banner of vanguard of Czech
tunnelling companies and it has extended its production
programme to a wide range of civic and engineering pro-
jects. It celebrates together with its partners
35th Anniversary

of Its foundatlon and it thanks to all
for goodwlll and co-operation




w8 PERSPEKTIVA

persondliné vzdéldvaci agentura

10 let praxe, aktivné anglictina nebo francouzstina & némdina, ridicsky pritkaz. Tvitrct a samostatny piistup k veseni problémii.
Schopnost tymové pidce.

Zdazemi stabilizované, prosperujici firmy, dobré platové podminky, moznost dlowhodobého profesniho riistu.

Své pisemné odpovédi zasilejte na adresu: PERSPEKTIVA, Slévaésk4 744/1a, 198 21 Praha 9_J

Pro naseho klienta, vyznamnou mezindrodni spolecnost,
hledame zkuSené specialisty na pozice:

STAVE BNI DOZOR geotechnickych: konstrukef |
P R 0 JE KTA N T geotechnickych konstrukcf
G E OT E C H N I K specialista

PoZadujeme:

Nabizime:

Zpétnd analyza a interpretace
® polnich zkousek
e vysledki méfeni in situ.

Posouzeni vlivu technologického
Ppostupu vystavby na

® konvergenci vyrubu

e stabilitu éelby

¢ sedani nadloZi

e namahani osténi.

Programové vybaveni

® pro feSeni rozsahlych prostorovych a
sdruZenych Gloh mechaniky kontinua
a diskontinua.

DOLEXPERT - GEOTECHNIKA
Ing. Marta DoleZalova, CSc.
Nad Belvederem 3, 148 00 Praha 4
Tel./Fax: 02-7927426

DOLEXPERT - GEOTECHNIKA

¢ firma s mnohaletymi zkuSenostmi pti feSeni geotechnickych problémi inZenyrskych,
podzemnich a dilnich staveb numerickymi metodami.

Podzemni laboratof BAF, Madrarsko (hl. 1100m)

<= SbliZovaci vypocty
ke konvergenénim
méfenim

—

Mobilizace smykové
pevnosti horninového
masivu =

Pracovisté:
Sokolska 44, 120 00 Praha 2
Tel.: 02-22108139 Fax: 02- 22108130
E-mail: dolezalova@pha.pvtnet.cz




<4 Conle

S.r.o.

Specializovany dodavatel urychlujicich pfisad do stfikaného betonu

Fastex 81 Vseobecné pouziti:

alkalicka pfisada

Fi nastfi ro stabilizaci svah(
@ pii nastfiku ® p lizaci svaht

na mokry @ pfii hloubeni sachet
a zvodnély podklad a jam

@ pii pozadavcich ® pri razeni stol a tunelu
na okamzity a rychly @ pii zesilovani a sanaci
nartst tuhnuti stavebnich konstrukci

Prestix 71
nealkalicka pfisada

® nesnizuje konecné
pevnosti stfikaného
betonu

@ ckologicky a hygienicky
nezavadny

@ neovliviuje vyluhovatel-
nost stfikaného betonu

CONTE s.r.0., Nam. Bofislavka 8, 160 00 Praha 6
tel./zazn.: 02/36 92 23, tel./fax.: 02/36 92 58, e-mail: conte @icom.cz

PUDIS PLC

Consultants in Transportation
Environment and Civil Engineering

Foundation Engineering - Geological Survey - Rail and Road Design - Trafic Engineering
Structural Engineering - Environmental Engineering - Analytical Laboratory

PUDIS PLC
Nad Vodovodem 2/169
100 31 Prague 10, CZ

Tel.: +420 2 67004 287
776645
Fax: +420 2 778656

WWW.pudis.cz
e-mail: info @pudis.cz
Certificate 1SO 9001




vOoODNI STAVBY

AKCIOVA SPOLECGNOST

Koridor CD D&&in - st. hranice SRN Podzemni pfederpavaci vodni elektrarna Stéchovice
Main railway route CD DéCin - state border Underground pump storage power station
Germany Stéchovice

Stolovany podchod pod trati CD v Praze - Radotiné ~ Velkoprodejna Gigasport v obchodni z6né
Driven cross passage under the railway track Cestlice u Prahy
of CD, Prague - Radotin Shopping center Gigasport, Ceslice near Prague Obrat'te se u nas:
. Contact us under:
) . . L ) y ) Vodni stavby, a. s.
B jsme jednou z nejvétsich inZenyrskych stavebnich firem v Ceské republice = Délnicka 12
s kompletni certifikaci systému fizeni jakosti podie CSN EN ISO 9002 i 170 04 Praha 7
W nasde aktivity zahmuji prakticky vSechny sektory stavebniho trhu B Ceska republika / Czech Republic
W we are one of the greatest construction companies in the Czech Republic with certification :::;j :gg gg; ?g gz;
quality system in accordance with the standards of CSN EN ISO 9002 e-mail: 'vsp ore@vspraha.cz
B our activities include really all sectors of the construiction market ’ i





